
HAL Id: hal-03678050
https://hal.univ-lille.fr/hal-03678050

Submitted on 25 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Could Cytochrome P450 2D6, 3A4 and 3A5
Polymorphisms Explain the Variability in Clinical

Response to Clomiphene Citrate of Anovulatory PCOS
Women?

Camille Robin, Benjamin Hennart, Franck Broly, Philippine Gruchala,
Geoffroy Robin, Sophie Catteau-Jonard

To cite this version:
Camille Robin, Benjamin Hennart, Franck Broly, Philippine Gruchala, Geoffroy Robin, et al.. Could
Cytochrome P450 2D6, 3A4 and 3A5 Polymorphisms Explain the Variability in Clinical Response to
Clomiphene Citrate of Anovulatory PCOS Women?. Frontiers in Endocrinology, 2021, 12, pp.718917.
�10.3389/fendo.2021.718917�. �hal-03678050�

https://hal.univ-lille.fr/hal-03678050
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Frontiers in Endocrinology | www.frontiersi

Edited by:
Katja Teerds,

Wageningen University, Netherlands

Reviewed by:
Li Meng,

South China Agricultural University,
China

Yeon Hee Hong,
Seoul National University Bundang

Hospital, South Korea

*Correspondence:
Camille Robin

camille.robin@chru-lille.fr

Specialty section:
This article was submitted to

Reproduction,
a section of the journal

Frontiers in Endocrinology

Received: 02 July 2021
Accepted: 20 September 2021

Published: 08 October 2021

Citation:
Robin C, Hennart B,

Broly F, Gruchala P, Robin G
and Catteau-Jonard S (2021)
Could Cytochrome P450 2D6,
3A4 and 3A5 Polymorphisms

Explain the Variability in Clinical
Response to Clomiphene Citrate
of Anovulatory PCOS Women?
Front. Endocrinol. 12:718917.

doi: 10.3389/fendo.2021.718917

ORIGINAL RESEARCH
published: 08 October 2021

doi: 10.3389/fendo.2021.718917
Could Cytochrome P450 2D6, 3A4
and 3A5 Polymorphisms Explain the
Variability in Clinical Response to
Clomiphene Citrate of Anovulatory
PCOS Women?
Camille Robin1*, Benjamin Hennart2, Franck Broly2, Philippine Gruchala1,
Geoffroy Robin1,3 and Sophie Catteau-Jonard1,4

1 University of Lille, Centre Hospitalier Universitaire (CHU) Lille, Department of Reproductive Medicine, Lille, France,
2 University of Lille, CHU Lille, Service de Toxicologie et Génopathies, Pôle de Biochimie et Biologie Moléculaire, Centre de
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Introduction: Cytochrome P450 2D6, 3A4 and 3A5 are involved in the metabolism of
many drugs. These enzymes have a genetic polymorphism responsible for different
metabolic phenotypes. They play a role in the metabolism of clomiphene citrate (CC),
which is used to induce ovulation. Response to CC treatment is variable, and no predictive
factors have thus far been identified.

Objective: To study a possible link between the cytochrome P450 2D6, 3A4 and 3A5
polymorphisms and clinical response to CC.

Study Design: Seventy-seven women with anovulatory Polycystic Ovarian Syndrome
(PCOS) treated with CC were included which determined their cytochrome P450 2D6,
3A4 and 3A5 genotypes and used the results to predict ovarian response to this drug.
Predicted responses based on the cytochrome genotypes were compared with the
observed clinical responses using the calculation of a weighted Kappa coefficient.

Main Outcome Measures: Number of dominant follicles assessed by ultrasound at the
end of the follicular phase and confirmation of ovulation by blood progesterone assay in
the luteal phase.

Results: Concordance between the predicted and observed responses for the
combination of the three cytochromes was 36.71%, with a negative Kappa coefficient
(K = -0.0240), which corresponds to a major disagreement. Similarly, for predictions
based on the cytochrome P450 2D6 genotype alone, only 39.24% of predictions were
verified (coefficient K = -0.0609).
n.org October 2021 | Volume 12 | Article 7189171

https://www.frontiersin.org/articles/10.3389/fendo.2021.718917/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.718917/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.718917/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.718917/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.718917/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:camille.robin@chru-lille.fr
https://doi.org/10.3389/fendo.2021.718917
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2021.718917
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2021.718917&domain=pdf&date_stamp=2021-10-08


Robin et al. Cytochrome P450 2D6, 3A4 and 3A5 and Clomiphene Citrate

Frontiers in Endocrinology | www.frontiersi
Conclusion: The genetic polymorphism of cytochromes P450 2D6, 3A4 and 3A5 does
not appear to influence clinical response to CC used to induce ovulation in anovulatory
PCOS women.
Keywords: clomiphene citrate, cytochrome P 450 2D6, anti-Müllerian hormone (AMH), ovulation induction,
polycystic ovary syndrome (PCOS)
INTRODUCTION

Cytochromes P450 are haemoproteins that play a role in the
metabolism of many drugs, mainly in the liver. Fifty-seven genes
encodingmore than21,000P450cytochromeshavebeen identified(1).

Cytochrome P450 2D6 (CYP2D6) represents only a small
percentage — <2% (2) of all cytochromes P450. Nonetheless, its
role in drug metabolism is quite important, as it is involved in the
metabolism of 20 to 25% of them (3, 4). Its complicated genetic
polymorphism (4–9) is responsible for at least four different
phenotypes, from ultra-rapid to extensive, intermediate, and
poor metabolisers (8, 10).

Various studies have shown that genotyping methods are
reliable and can accurately predict different phenotypes and
activity levels (scores) of CYP2D6 (4, 11–14). Moreover, its
activity depends solely on its genotype and its locus structure, as
well as potential drug interactions; it is not influenced by factors
such as smoking, caffeine consumption, age, or sex (15, 16). Given
this cytochrome’s involvement in themetabolismof somanydrugs,
it is useful to know patients’ activity scores, to be able to predict the
effectivenessof these treatmentsandadapt theirdoses.Theamounts
of the mother-molecule and metabolites appear to depend on the
amount and capacityofCYP2D6 tometabolize the specific drug (6).
Thus, ultra-rapidCYP2D6metabolizers (UMs) transform themain
active substance too rapidly when themother-molecule is active, so
that therapeutic levels are not reached and drug effectiveness
decreases. The reverse occurs for poor metabolizers (PMs): the
minimal transformation of mother-molecules into metabolites
increases therapeutic effectiveness. In contrast, the effectiveness of
prodrugs requiring activation by CYP2D6 is lower in PMs and
higher in UMs.

Of the drugs metabolized at least partially by CYP2D6, the
metabolism of half is significantly affected by this cytochrome’s
genetic polymorphism. These include a large number of
antidepressants, antipsychotics, antiarrhythmics and analgesics
(4, 6, 7, 17, 18).

At the same time, many publications have studied the
association between CYP2D6 and tamoxifen, an anti-oestrogen
used in premenopausal breast cancer patients to reduce the risk
of recurrence. Most of these studies and recent meta-analyses
indicate that the risk of recurrence and disease-free survival rates
are lower in patients with a PM-type CYP2D6 phenotype (6, 9,
19–24). Tamoxifen is active through its main metabolite,
endoxifen, and the conversion of tamoxifen to endoxifen is
performed by CYP2D6. Recommendations for genotyping
CYP2D6 before tamoxifen therapy vary by country (25).

The structure of tamoxifen and its metabolism are remarkably
similar to those of clomiphene citrate (CC), a treatment belonging
n.org 2
to the same pharmacological class (i.e. selective estrogen receptor
modulator) and frequently used in themanagement of anovulatory
PCOS (26–28). However, few studies have been published
concerning the possibility of predicting response to this treatment
according to the patients’ CYP2D6 status.

There is some inter-individual variability in response to CC
treatment.Thus, an ovulation is obtained in 73% of cases at doses
ranging from 1 to 3 tablets (50 to 150 mg) (29). The predictive
factors for resistance to CC are poorly defined, the results of the
different studies are contradictory and it is not currently possible
to correctly predict the failure of ovulation induction (30–33).

CC is a mixture of two geometric isomers: enclomiphene
citrate (E-clomiphene) and zuclomiphene citrate (Z-
clomiphene) at a ratio of 62% to 38% (34). E-Clomiphene is
mainly metabolised by CYP2D6, and Z-clomiphene by CYP3A4
and CYP3A5 (35–37). In 2012, Mürdter et al. (37) used studies in
pooled liver microsomes to describe 9 metabolites of CC. Two of
them were very active in vitro in antagonism of oestrogen
receptors: E-4-hydroxy-N-desethylclomiphene [(E)-4-OH-DE-
CLOM] and E-4-hydroxyclomiphene [(E)-4-OH-CLOM], both
derived from E-clomiphene (37).

Until now, only four teams have studied the link between the
response to CC and the CYP2D6 genotype, and their results have
been contradictory (35, 37–39).

The objective of this study was to evaluate the association
between the CYP2D6 genotype and clinical response to CC in
infertile women with ovulation disorders. The aim of our study is
to examine whether the variability of clinical response to this
treatment is related to the cytochrome genotype. Secondarily,
this study evaluated the association between the combination of
genotypes for CYP2D6, CYP3A4 and CYP3A5 and clinical
responses to CC.
MATERIALS AND METHODS

Study Design
This retrospective, observational, single-centre study reviewed
records of women seen in the endocrine gynaecology department
of Lille University Hospital from July 2005 to January 2018 and
included 77 women aged 20 to 39 years. All provided written
informed consent for the genetic study and data analysis. The
ethics committee approved this study (registration number: DGS
2003/0085).

Population
All women underwent at least one ovulation induction cycle with
CC in the endocrine gynaecology department. These women,
October 2021 | Volume 12 | Article 718917
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who wanted to become pregnant, had anovulatory PCOS: they
had cycle disorders (oligospaniomenorrhea or amenorrhea)
associated with the ultrasound and/or hormonal criteria of the
modified Rotterdam consensus definition of PCOS. Other
infertility factors (tubal or male) were ruled out. A
questionnaire about dietary habits and the use of drugs and
herbs was performed.

The hormonal assessment included at least the assay of AMH.
Before 2016, serum AMH was measured by manual ELISA using
the EIA AMH/MIS kit (A11893 Immunotech, Beckman Coulter,
France). The limit of quantification (LoO) of the assay was
2.5 pmol/L. The intra-assay coefficient of variation varies from
3.7%–9.5% for a 151.4- to 5.8-pmol/L concentration range. The
inter-assay coefficient of variation varies from 7.8%–21.1% for a
140- to 2.2-pmol/L concentration range. From January 2016,
ELISA has been replaced by a fully automated immunoassay on
the Access Dxi automatic analyzer (B13127, Beckman Coulter).
The LoQ of the assay was 0.57 pmol/L. The within-run and
between-run precision varied between 0.9–3.6% and 2.9–10.7%,
respectively (40). The dosages of AMH prior to January 2016 were
recalculated to compare them to with those performed in 2018 and
after. The conversion formule used was « AMH (dxi) = 0,77 x
AMH (ELISA) + 0,12 », in pmol/L, as previously shown (41). Pelvic
ultrasound was performed vaginally with a 5-9 Mhz probe and a
Voluson E8 Expert (General Electric Systems, Velizy, France).

Study Protocol
For the first induction cycle of ovulation, women received 50 mg/
day of CC from the second to the sixth day of the menstrual cycle
(spontaneous or triggered by dydrogesterone for women with
amenorrhoea). A pelvic ultrasound was performed between the
tenth and twelfth day of the cycle to measure the diameter of the
dominant follicle(s). If there was no follicle larger than 10 mm in
diameter, a new ultrasound was performed 7 days later. The
progesterone level was measured 8 to 10 days after the expected
date of ovulation. Women with a progesterone level greater than 5
ng/ml in the luteal phase with growth of one or two follicles larger
than 10 mm on ultrasound at the end of the follicular phase were
considered to respond to 1 tablet of CC and remained at this dose
for subsequent cycles in the absence of pregnancy, with the same
monitoring. If progesteronaemia was lower than 5 ng/ml, the CC
dosage was increased to 100 mg/day in the following cycle, and up
to 150mg/day if there was still no response. All women underwent
one to six cycles of ovulation induction with CC. If more than two
dominant follicles grew, the response was considered too strong,
protected sexual relations were recommended, and the women
received 25 mg/day during the next cycle.

Four groups of observed clinical response were described:

-increased, after response by more than two dominant follicles at
50 mg/day,

-normal, after response by one or two dominant follicles at 50 or
100 mg/day,

decreased, after response by one or two dominant follicles at
150 mg/day,

-null/nearly-zero when there remained no response at 150mg/day.
Frontiers in Endocrinology | www.frontiersin.org 3
A sample of two EDTA tubes of 5 ml of peripheral blood was
taken from all patients during one of their visits for consultation
in the department, for genetic analysis.

CYP2D6, CYP3A4 and CYP3A5 Genotyping
The DNA extraction was performed on a CheMagic Star (Hamilton
Robotics) integrated system according to the supplier’s instructions.
The CYP2D6 gene was sequenced by the BigDye Terminator Kit
sequencing kit (Applied Biosystems Ltd); electrophoresis and
analysis of the reaction products were performed on an Applied
Biosystems 3130 XL 48 automated capillary sequencer. Sequences
were analyzed with SeqScape Software v2.5.6. The reference cDNA
sequence usedwasNM_000106.5, with theAof translation initiation
ATGnumbered as 1. The search for structural rearrangements of the
CYP2D6gene locus,withdeletion typeandamplification,was carried
out with the TaqMan kit, Copy Number Assay ID Hs00010001_cn
marketed by Applied Biosystems (Applied Biosystems, Foster City,
CA, USA), and a high-speed controller (TaqMan 7900, Applied
Biosystems), according to the suppliers’ instructions.

To genotype CYP3A4 and CYP3A5,mutations (NM_017460.5:
c522-191C>T (rs35599367) for CYP3A4 andNM_000777.4: c219-
237A>G(rs776746) forCYP3A5)were soughtwithamethodbased
on real-time PCR, high-throughput PLC (TaqMan 7900, Applied
Biosystems) and the use of a TaqMan SNP Genotyping Assay Kit
(Assay ID: C_59013445_10, Applied Biosystems for CYP3A4 and
Assay ID: C_26201809_30, Applied Biosystems for CYP3A5). We
arbitrarily considered that an allele of the gene not carrying the
mutation was functional (CYP3A4 * 1, CYP3A5 * 1).

Prediction of Responses According to
CYP2D6, CYP3A4 and CYP3A5 Genotypes
For the metabolic pathway mediated by CYP2D6, enabling the
synthesis of the most active metabolites (37): The women were
classified into four groups: PMs (poor metabolisers), UMs (ultra-
rapid metabolisers), IMs (intermediate metabolisers), and EMs
(extensive metabolisers), in accordance with the references
previously cited (8, 10).

For the analysis of the concordance of predicted responses
according to the CYP2D6 genotype and the actual response, PMs
were considered tohave an expectednull or near zero response, IMs a
weak response, EMs a normal response, and UMs a strong response.

For the metabolic pathway mediated by CYP3A4 and
CYP3A5 for the synthesis of Z-desethylclomiphene:

Four activity groups were created:

-Limitedwhenthegenotyperesults inCYP3A4andCYP3A5deficiency,

-Intermediate1 when the genotype results in CYP3A5 deficiency
with normal CYP3A4 activity,

-Intermediate 2 when the genotype results in CYP3A4 deficiency
with normal CYP3A5 activity,

-Extensive when the genotype results in functional CYP3A4 and
CYP3A5.

Combining the predictions of activity of the two metabolic
pathways allowed us to predict the overall response to CC, as
summarized in Table 1. For example, in the case of mutations in
October 2021 | Volume 12 | Article 718917
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CYP3A4 and CYP3A5, more mother molecules (CC) go to the
CYP2D6 pathway, so the overall activity is increased.

Statistical Analysis
Patients’ characteristics according to their observed clinical
response and CYP2D6 genotype were compared by the
Kruskal-Wallis test, with the Statistical Package for the Social
Sciences software (SPSS, Chicago II USA, version 22.0).

The calculation of a weighted Kappa coefficient made it
possible to evaluate the correlation between the observed
clinical responses and the predicted responses according to
either the CYP2D6 genotype only or the combination of the
CYP2D6, CYP3A4 and CYP3A5 genotypes.

The qualitative indicators are described by frequency
and percentage.

A Kappa coefficient greater than 0.8 corresponds to strong
agreement between the two indicators, a coefficient between 0.8
and 0.4 to moderate agreement, a coefficient below 0.4 to weak
agreement, and a negative Kappa coefficient to no agreement
(beyond that due to chance).

These coefficients were calculated by the Biostatistics
Methodology Unit of Lille University Hospital, with SAS software
(SAS Institute version 9.4). In a second step, a post hoc ANOVA
Bonferroni correction was performed with SPSS software to
compare the AMH values of the different clinical response groups.
RESULTS

The study included 77 women, two managed in our department
for two different pregnancies. Accordingly, 79 clinical response
profiles were observed. Table 2 presents the women’s general
characteristics. Four women had PM phenotypes predicted
according to their genotype, including one patient with a
Frontiers in Endocrinology | www.frontiersin.org 4
homozygous deletion of the CYP2D6 gene. In contrast, 5
women had predicted UM phenotypes, 41 normal (EM) and
27 IM. Clinical responses, on the other hand, showed 8 null or
near-zero responses, 11 low, 47 normal, and 13 high (Figure 1).

Tables 3 and 4 present patient characteristics according to
clinical response group and to CYP2D6 genotype, respectively. The
Kruskal-Wallis test found no significant differences in age (P =
0.900), BMI (P = 0.715) or antral follicle count (AFC) (P = 0.051),
while responses were better with lower AMH concentrations (P =
0.020). At the same time, the CYP2D6 phenotypes did not differ
significantly for the four variables studied.

Analysis of the expected responses according to CYP2D6
genotype and observed response showed a negative Kappa
coefficient (K = -0.0609), which corresponds to a major
discrepancy between the observed clinical responses and the
responses expected according to CYP2D6 genotype (Table 5).
Only 39.24% of the predicted responses were clinically verified.

Similarly, the Kappa coefficient for agreement between the
expected responses according to the combination of the
genotypes of the 3 cytochromes and the observed responses
was negative (K = -0.0240) (Table 6), with 36.71% concordance
between predictions and actual responses.

Finally, the post hoc ANOVA Bonferroni correction was
performed to determine if AMH was predictive of the clinical
response to CC. Lack of response was significantly associated
with higher AMH levels than for women who responded weakly,
normally, or excessively (P = 0.040, P = 0.06, and P = 0.02
respectively). Results for the other categories of clinical response
were not significant (data not shown).
DISCUSSION

This study shows that the CYP2D6 genotype does not correlate
with clinical response to CC in anovulatory PCOS women.
According to our extensive review of the available literature,
this is only the second study to compare clinical response to CC
by cytochrome P450 2D6 genotype.

Our results are in agreement with those of the team of Ji et al.
(38); they observed no correlation between the CYP2D6
genotype and either the clinical response or active metabolite
concentrations. Their study also showed a correlation between
the clinical response to CC and plasma concentrations of the
TABLE 1 | Prediction of response to clomiphene citrate according to CYP 2D6, CYP 3A4 and CYP 3A5 phenotypes.

Phenotype 2D6 UM EM IM PM
Phenotype 3A4 + 3A5

Extensive :
functional + functional

Normal or
Increased

Low Low Nearly zero

Intermediate1
Functional+ Deficit

Increased Normal Possibly decreased Low

Intermediate2
Deficit + Functional

Increased Normal Possibly decreased Low

Limited:
Deficit + Deficit

Increased Increased Normal Low
October 2021 | Volume 12 | Art
UM, Ultra-fast Metabolizer; EM, Extensive Metabolizer; IM, Intermediate Metabolizer; PM, Poor Metabolizer.
TABLE 2 | Demographic characteristics.

Characteristics Median [5ème-95èmepercentiles]

Age (years) 28 [21-36]
BMI (kg/m2) 25 [18.5-35.4]
AMH (pmol/L) 72.8 [26-190]
AFC 55.5 [25-135]
icle 718917
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parent and active metabolites: the plasma concentrations of E-
clomiphene were significantly higher in the responder group.
There was a trend towards an increase in the active (E)-4-OH-
Clom and (E)-4-OH-DE-Clom (NS) metabolites, compared to
the non-responder patients, who had significantly higher (Z)-
clomiphene-NO concentrations.

Similarly, in a recent study, Kim et al. (39) found higher
concentrations of active metabolites in women with CYP2D6
mutations causing decreased CYP2D6 activity. Their results
disagreed with those of Mürdter et al. (37), who reported a
correlation between genotype and plasma concentrations.
Plasma levels of the (E)-4-OH-Clom and (E)-4-OH-DE-Clom
active metabolites were 8 to 50 times higher in their four
extensive metabolizer (EM) patients than in the two (PM)
women, who had parent drug concentrations (E-clomiphene) 6
times higher. These results are consistent with those of Ghobadi
Frontiers in Endocrinology | www.frontiersin.org 5
et al. (35) in 2008, who claimed that the extent of E-clomiphene
metabolism was correlated with the amount of CYP2D6 present.

Nevertheless, neither of these studies evaluated the clinical
response in ovulation induction. Furthermore, in 2009, Ghobadi
et al. (34) reported that E-clomiphene and Z-clomiphene
concentrations did not predict clinical response to CC in
inducing ovulation, a finding inconsistent with those of the
two previous studies and of those by Ji et al. (38).

One of the strengths of our population is the presence of
“extreme” phenotypes, with 4 women PM for CYP2D6, 5 UM,
and 4 with high levels of CYP3A4 and CYP3A5. This was not the
case in the Korean population studied by Ji’s team (38), which
failed to recruit any PM or UM phenotypes. Nevertheless, these
numbers remain low and result in a lack of power for our study.
It is therefore an initial finding, the results of which must be
confirmed by other studies with higher numbers.
FIGURE 1 | Clinical Observed Responses.
TABLE 3 | Characteristics of the patients according to clinical observed response group.

Clinical Observed Response

Null/Nearly-zero 1(n=8) Decreased 2(n=11) Normal 3(n=47) Increased 4(n=13) p value

Characteristics [median
(5ème-95ème percentiles)]

Age (years) 27.5
[21-32]

28
[22-34]

28
[20.4-36]

29
[23-35.6]

0.900

BMI (kg/m2) 27,8
[18.4-35.7]

27
[19-33.4]

25,2
[19-35.85]

24
[18.5-32.1]

0.715

AMH
(pmol/L)

130.15
[63-115.2]

84.8
[35-111.8]

72.15
[22.4-185]

51,25
[35.8-118.5]

0.020

AFC 81.5
[33-115.2]

75
[29-114.1]

54
[17.8-93]

47
[30-136.2]

0.051
October 20
21 | Volume 12 | Article
1: no response at 150 mg; 2: 1 or 2 follicles at 150 mg; 3: 1 or 2 follicles at 50 or 100 mg; 4: > 2 follicles at 50 mg.
Data in bold are p-values and are non-significant (NS) if greater than or equal to 0.05.
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One hypothesis that might explain our results is that the
women were taking other drugs metabolized by CYP2D6, which
could provoke competitive CYP2D6 activity and modify
metabolism and thus clinical responses to therapeutics.
Women were asked about other drugs, however, and reported
taking only folic acid and CC.

The clinical response to CC does not appear to be directly
correlated with the combination of women’s CYP2D6, CYP3A4
and CYP3A5 genotypes. The observation of two totally different
clinical responses for the same patient reinforces this statement. Of
the twowomenwhounderwent stimulation at twodifferent periods
for a second pregnancy, one responded normally for the first
stimulation, and not at all the second time. The only factors that
were changed betweenher two stimulationswere age (+4 years) and
10 kg (BMI increased from 28 to 31.4), but age and BMI were not
significantly associated with a poorer response to CC in our study
(P = 0.900 and P = 0.715, respectively). Other interacting factors
probably explain the differences in clinical response to this
treatment. As previously reported (42), most of the therapeutic
effects of drugs are related to complex interactions between genetic,
clinical, biological and environmental factors.

So far, although numerous studies have been looking for
factors predicting response to CC (30–33), no factors have been
found to accurately predict women’s capacity to respond to it.
Frontiers in Endocrinology | www.frontiersin.org 6
Our results are consistent with these studies with respect to age,
BMI and AFC. However, the clinical response to CC in our
cohort appeared to be better when the AMH concentration was
not too high (P = 0.020).

Post hoc ANOVA analysis with the Bonferroni correction
found that AMH levels were significantly higher in the group of
women who did not respond clinically to CC, but results for the
other categories of clinical response were not significant. In
addition, the woman who was stimulated twice, four years
apart, and did not respond to the second stimulation had no
significant change in her AMH level (63 pmol/l vs 68 pmol/l at
the first stimulation). These observations led us look for a
possible difference in AMH levels according to CYP2D6
phenotypes, but we found no difference (P = 0.743). The
CYP2D6 genotype does not seem to determine the AMH level.

Other mechanisms may also explain our results. The activity
of CC may be mediated not only by the metabolites, but also by
the parent molecule. There are probably other mutations of
CYP2D6, CYP3A4 and CYP3A5, not known at this time, that
modify the predicted phenotypes, as others have pointed out
(24). For example, we looked for only one mutation for each of
CYP3A4 and CYP3A5, using the TaqMan technique. On the
other hand, for CYP2D6, the Sanger sequencing technique used
in our study can detect a large number of mutations, and it seems
TABLE 4 | Characteristics of the patients according to CYP2D6 status.

CYP2D6 Status

PM (n=4) IM (n=27) EM (n=41) UM (n=5) p value

Characteristics
[median
(5ème-95èee percentiles)]

Age (years) 25
[20-32]

29
[22.45-35.55]

28
[21-37.7]

26
[24-27]

0.083

BMI (kg/m2) 23.25
[19-30]

25.4
[18.5-35.7]

24.6
[18.49-36.36]

30.8
[22.8-34]

0.521

AMH
(pmol/L)

59.75
[40.6-170]

84.45
[19.33-190]

67.5
[29.18-198.5]

84.8
[72.8-126]

0.743

AFC 65.5
[47-82]

59.5
[13.9-135]

54
[26-167]

57.5
[38-66]

0.872
October 2021
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PM, Poor Metabolizer; UM, Ultra-fast Metabolizer; IM, Intermediate Metabolizer; EM, Extensive Metabolizer.
Data in bold are p-values and are non-significant (NS) if greater than or equal to 0.05.
TABLE 5 | Clinical responses observed according to CYP2D6 status.

CYP2D6 Phenotype (Response Prediction) Total

PM (Null/Nearly-zero) IM (Decreased) EM (Normal) UM (Increased)

Clinical Responses Observed Null/Nearly-zero 1 0
0.00%

1
1.27%

7
8.86%

0
0.00%

8
10.13%

Decreased 2 0
0.00%

6
7.59%

4
5.06%

1
1.27%

11
13.92%

Normal 3 2
2.53%

16
20.25%

25
31.65%

4
5.06%

47
59.49%

Increased 4 2
2.53%

5
6.33%

6
7.59%

0
0.00%

13
16.46%

Total 4
5.06%

28
35.44%

42
53.16%

5
6.33%

79
100.00%

Coefficient of concordance Kappa: K= -0.0609
PM, Poor Metabolizer; UM, Ultra-fast Metabolizer; IM, Intermediate Metabolizer; EM, Extensive Metabolizer.
1: no response at 150 mg; 2: 1 or 2 follicles at 150 mg; 3: 1 or 2 follicles at 50 or 100 mg; 4: > 2 follicles at 50 mg.
Data in bold are the frequencies and percentages of the population.
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unlikely that known mutations were not found. The metabolism
of CC may be different from that assumed by Mürdter (37):
Mazzarino and colleagues (36) described a CC metabolism
different from that defined by Mürdter with in vitro analyses
the previous year (37). Mazzarino’s team (36) described 22
metabolites in vivo instead of 9 and found only 4 of the 9
metabolites previously mentioned. Moreover, they found a
different level of CYP2D6 activity for this metabolism, which
might modify the predicted responses. Accordingly, a better
understanding of the metabolism of CC and the activity of
different cytochromes involved in it appears necessary before
any more powerful study of clinical response can be conducted.
It would be useful for these future studies to include
measurements of the plasma concentrations of CC metabolites
during the stimulation cycle.

In conclusion, the genetic polymorphism of cytochromes
P450 2D6, 3A4 and 3A5 does not seem to predict the clinical
response to CC in our population of 77 anovulatory PCOS
women. However, our study’s low power requires confirmation
of the results by larger studies to define the predictors of response
to this ovulation inducer. A more precise knowledge of the
metabolism of this drug and its relation to cytochrome P450
is necessary.
Frontiers in Endocrinology | www.frontiersin.org 7
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

This retrospective, observational, single-centre study reviewed
records of women seen in the endocrine gynaecology department
of Lille University Hospital from July 2005 to January 2018 and
included 77 women aged 20 to 39 years. All provided written
informed consent for the genetic study and data analysis. The
ethics committee approved this study (registration number: DGS
2003/0085).
AUTHOR CONTRIBUTIONS

Each author acknowledges that he or she participated sufficiently
in the work to take public responsibility for its content. All
authors contributed to the article and approved the
submitted version.
REFERENCES

1. Nelson DR. The Cytochrome P450 Homepage. Hum Genomics (2009) 4:59–
65. doi: 10.1186/1479-7364-4-1-59

2. Bradford LD. CYP2D6 Allele Frequency in European Caucasians, Asians,
Africans and Their Descendants. Pharmacogenomics (2002) 3:229–43. doi:
10.1517/14622416.3.2.229

3. Evans WE, Relling MV. Pharmacogenomics: Translating Functional
Genomics Into Rational Therapeutics. Science (1999) 286:487–91. doi:
10.1126/science.286.5439.487

4. Zanger UM, Raimundo S, Eichelbaum M. Cytochrome P450 2D6: Overview
and Update on Pharmacology, Genetics, Biochemistry. Naunyn
Schmiedebergs Arch Pharmacol (2004) 369:23–37. doi: 10.1007/s00210-003-
0832-2

5. Ingelman-Sundberg M. Pharmacogenetics of Cytochrome P450 and Its
Applications in Drug Therapy: The Past, Present and Future. Trends
Pharmacol Sci (2004) 25:193–200. doi: 10.1016/j.tips.2004.02.007
6. Ingelman-Sundberg M. Genetic Polymorphisms of Cytochrome P450 2d6
(CYP2D6): Clinical Consequences, Evolutionary Aspects and Functional
Diversity. Pharmacogenomics J (2005) 5:6–13. doi: 10.1038/sj.tpj.6500285

7. Ingelman-Sundberg M, Sim SC, Gomez A, Rodriguez-Antona C. Influence of
Cytochrome P450 Polymorphisms on Drug Therapies: Pharmacogenetic,
Pharmacoepigenetic and Clinical Aspects. Pharmacol Ther (2007) 116:496–
526. doi: 10.1016/j.pharmthera.2007.09.004

8. Nofziger C, Turner AJ, Sangkuhl K, Whirl-Carrillo M, Agundez JAG, Black
JL, et al. PharmVar GeneFocus: Cyp2d6. Clin Pharmacol Ther (2020)
107:154–70. doi: 10.1002/cpt.1643

9. Zhou SF. Polymorphism of Human Cytochrome P450 2D6 and its Clinical
Significance: Part II. Clin Pharmacokinet (2009) 48:761–804. doi: 10.2165/
11318070-000000000-00000

10. Schroth W, Winter S, Murdter T, Schaeffeler E, Eccles D, Eccles B, et al.
Improved Prediction of Endoxifen Metabolism by CYP2D6 Genotype in
Breast Cancer Patients Treated With Tamoxifen. Front Pharmacol (2017)
8:582. doi: 10.3389/fphar.2017.00582
TABLE 6 | Clinical observed responses according to response predictions with the combination of CYP2D6, CYP3A4 and CYP3A5 status.

Expected Responses Total

Null/Nearly-zero1 Decreased 2 Normal 3 Increased 4

Clinical responses observed Null/Nearly-zero 1 0
0.00%

2
2.53%

6
7.59%

0
0.00%

8
10.13%

Decreased 2 0
0.00%

8
10.13%

2
2.53%

1
1.27%

11
13.92%

Normal 3 0
0.00%

21
26.58%

22
27.85%

4
5.06%

47
59.49%

Increased 4 1
1.27%

8
10.13%

4
5.06%

0
0.00%

13
16.46%

Total 1
1.27%

40
50.63%

33
41.77%

5
6.33%

79
100.00%

Coefficient of concordance Kappa : K= -0.0240
October 2021 | Volume 12 | Artic
1: no response at 150 mg; 2: 1 or 2 follicles at 150 mg; 3: 1 or 2 follicles at 50 or 100 mg; 4: > 2 follicles at 50 mg.
Data in bold are the frequencies and percentages of the population.
le 718917

https://doi.org/10.1186/1479-7364-4-1-59
https://doi.org/10.1517/14622416.3.2.229
https://doi.org/10.1126/science.286.5439.487
https://doi.org/10.1007/s00210-003-0832-2
https://doi.org/10.1007/s00210-003-0832-2
https://doi.org/10.1016/j.tips.2004.02.007
https://doi.org/10.1038/sj.tpj.6500285
https://doi.org/10.1016/j.pharmthera.2007.09.004
https://doi.org/10.1002/cpt.1643
https://doi.org/10.2165/11318070-000000000-00000
https://doi.org/10.2165/11318070-000000000-00000
https://doi.org/10.3389/fphar.2017.00582
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Robin et al. Cytochrome P450 2D6, 3A4 and 3A5 and Clomiphene Citrate
11. Gaedigk A, Gotschall RR, Forbes NS, Simon SD, Kearns GL, Leeder JS.
Optimization of Cytochrome P4502D6 (CYP2D6) Phenotype Assignment
Using a Genotyping Algorithm Based on Allele Frequency Data.
Pharmacogenetics (1999) 9:669–82. doi: 10.1097/01213011-199912000-00002

12. Gibbs JP, Hyland R, Youdim K. Minimizing Polymorphic Metabolism in
Drug Discovery: Evaluation of the Utility of In Vitro Methods for Predicting
Pharmacokinetic Consequences Associated With CYP2D6 Metabolism. Drug
Metab Dispos (2006) 34:1516–22. doi: 10.1124/dmd.105.008714

13. Griese EU, Zanger UM, Brudermanns U, Gaedigk A, Mikus G, Mörike K, et al.
Assessment of the Predictive Power of Genotypes for the in-Vivo Catalytic
Function of CYP2D6 in a German Population. Pharmacogenetics (1998) 8:15–
26. doi: 10.1097/00008571-199802000-00003

14. Sachse C, Brockmoller J, Bauer S, Roots I. Cytochrome P450 2D6 Variants in a
Caucasian Population: Allele Frequencies and Phenotypic Consequences. Am
J Hum Genet (1997) 60:284–95.

15. Bock KW, Schrenk D, Forster A, Griese EU, Mörike K, Brockmeier D, et al.
The Influence of Environmental and Genetic Factors on CYP2D6, CYP1A2
and UDP-Glucuronosyltransferases in Man Using Sparteine, Caffeine, and
Paracetamol as Probes. Pharmacogenetics (1994) 4:209–18. doi: 10.1097/
00008571-199408000-00005

16. Steiner E, Iselius L, Alvan G, Lindsten J, Sjoqvist F. A Family Study of Genetic
and Environmental Factors Determining Polymorphic Hydroxylation of
Debrisoquin. Clin Pharmacol Ther (1985) 38:394–401. doi: 10.1038/
clpt.1985.193

17. Bernard S, Neville KA, Nguyen AT, Flockhart DA. Interethnic Differences in
Genetic Polymorphisms of CYP2D6 in the U. S Population: Clin Implications.
Oncologist (2006) 11:126–35. doi: 10.1634/theoncologist.11-2-126

18. Kirchheiner J, Nickchen K, Bauer M, Wong ML, Licinio J, Roots I, et al.
Pharmacogenetics of Antidepressants and Antipsychotics: The Contribution
of Allelic Variations to the Phenotype of Drug Response. Mol Psychiatry
(2004) 9:442–73. doi: 10.1038/sj.mp.4001494

19. Lu J, Li H, Guo P, Shen R, Luo Y, Ge Q, et al. The Effect of CYP2D6 *10
PolymorphismonAdjuvant Tamoxifen inAsian Breast Cancer Patients: AMeta-
Analysis. Onco Targets Ther (2017) 10:5429–37. doi: 10.2147/OTT.S149197

20. Stearns V, Rae JM. Pharmacogenetics and Breast Cancer Endocrine Therapy:
CYP2D6 as a Predictive Factor for Tamoxifen Metabolism and Drug Response?
Expert Rev Mol Med (2008) 10:e34. doi: 10.1017/S1462399408000896

21. Stingl JC, Parmar S, Huber-Wechselberger A, Kainz A, Renner W, Seeringer
A, et al. Impact of CYP2D6*4 Genotype on Progression Free Survival in
Tamoxifen Breast Cancer Treatment. Curr Med Res Opin (2010) 26:2535–42.
doi: 10.1185/03007995.2010.518304

22. Zembutsu H, Nakamura S, Akashi-Tanaka S, Kuwayama T, Watanabe C,
Takamaru T, et al. Significant Effect of Polymorphisms in CYP2D6 on
Response to Tamoxifen Therapy for Breast Cancer: A Prospective Multicenter
Study.ClinCancer Res (2017) 23:2019–26. doi: 10.1158/1078-0432.CCR-16-1779

23. Zeng Z, Liu Y, Liu Z, You J, Chen Z, Wang J, et al. CYP2D6 Polymorphisms
Influence Tamoxifen Treatment Outcomes in Breast Cancer Patients: A Meta-
Analysis. Cancer Chemother Pharmacol (2013) 72:287–303. doi: 10.1007/
s00280-013-2195-9

24. Zhou SF. Polymorphism of Human Cytochrome P450 2D6 and its Clinical
Significance: Part I. Clin Pharmacokinet (2009) 48:689–723. doi: 10.2165/
11318030-000000000-00000

25. Pratt V, McLeod H, Dean L, Malheiro A, Rubinstein W. Tamoxifen Therapy
and CYP2D6 Genotype. In: VM Pratt, HL McLeod, WS Rubinstein, SA Scott,
LC Dean, BL Kattman, AJ Malheiro, editors. Medical Genetics Summaries.
Bethesda (MD (2012).

26. Balen AH, Morley LC, Misso M, Franks S, Legro RS, Wijeyaratne CN, et al.
The Management of Anovulatory Infertility inWomenWith Polycystic Ovary
Syndrome: An Analysis of the Evidence to Support the Development of Global
WHO Guidance. Hum Reprod Update (2016) 22:687–708. doi: 10.1093/
humupd/dmw025

27. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al.
Recommendations From the International Evidence-Based Guideline for the
Assessment and Management of Polycystic Ovary Syndrome. Hum Reprod
(2018) 33:1602–18. doi: 10.1093/humrep/dey256

28. E.A.-S.P.C.W.G. Thessaloniki. Consensus on Infertility Treatment Related to
Polycystic Ovary Syndrome. Hum Reprod (2008) 23:462–77. doi: 10.1093/
humrep/dem426
Frontiers in Endocrinology | www.frontiersin.org 8
29. Homburg R. Clomiphene Citrate–End of an Era? A Mini-Review. Hum
Reprod (2005) 20:2043–51. doi: 10.1093/humrep/dei042

30. Ghobadi C,NguyenTH,LennardMS,Amer S, Rostami-HodjeganA,LedgerWL.
Evaluation of an ExistingNomogram for Predicting the Response toClomiphene
Citrate. Fertil Steril (2007) 87:597–602. doi: 10.1016/j.fertnstert.2006.10.002

31. Imani B, Eijkemans MJ, de Jong FH, Payne NN, Bouchard P, Giudice LC, et al.
Free Androgen Index and Leptin are the Most Prominent Endocrine
Predictors of Ovarian Response During Clomiphene Citrate Induction of
Ovulation in Normogonadotropic Oligoamenorrheic Infertility. J Clin
Endocrinol Metab (2000) 85:676–82. doi: 10.1210/jcem.85.2.6356

32. Kurabayashi T, Suzuki M, Fujita K, Murakawa H, Hasegawa I, Tanaka K.
Prognostic Factors for Ovulatory Response With Clomiphene Citrate in
Polycystic Ovary Syndrome. Eur J Obstet Gynecol Reprod Biol (2006)
126:201–5. doi: 10.1016/j.ejogrb.2005.11.005

33. Lobo RA, Gysler M, March CM, Goebelsmann U, Mishell DR Jr. Clinical and
laboratory Predictors of Clomiphene Response. Fertil Steril (1982) 37:168–74.
doi: 10.1016/S0015-0282(16)46034-6

34. Ghobadi C, Amer S, Lashen H, Lennard MS, Ledger WL, Rostami-Hodjegan
A. Evaluation of the Relationship Between Plasma Concentrations of En- and
Zuclomiphene and Induction of Ovulation in Anovulatory Women Being
Treated With Clomiphene Citrate. Fertil Steril (2009) 91:1135–40. doi:
10.1016/j.fertnstert.2008.01.058

35. Ghobadi C, Gregory A, Crewe HK, Rostami-Hodjegan A, Lennard MS.
CYP2D6 is Primarily Responsible for the Metabolism of Clomiphene. Drug
Metab Pharmacokinet (2008) 23:101–5. doi: 10.2133/dmpk.23.101

36. Mazzarino M, Biava M, de la Torre X, Fiacco I, Botre F. Characterization of
the Biotransformation Pathways of Clomiphene, Tamoxifen and Toremifene
as Assessed by LC-MS/(MS) Following In Vitro and Excretion Studies. Anal
Bioanal Chem (2013) 405:5467–87. doi: 10.1007/s00216-013-6961-7

37. Murdter TE, Kerb R, Turpeinen M, Schroth W, Ganchev B, Bohmer GM, et al.
Genetic Polymorphism of Cytochrome P450 2D6 Determines Oestrogen
Receptor Activity of the Major Infertility Drug Clomiphene via its Active
Metabolites. Hum Mol Genet (2012) 21:1145–54. doi: 10.1093/hmg/ddr543

38. Ji M, Kim KR, Lee W, Choe W, Chun S, Min WK. Genetic Polymorphism of
CYP2D6 and Clomiphene Concentrations in Infertile Patients With
Ovulatory Dysfunction Treated With Clomiphene Citrate. J Korean Med Sci
(2016) 31:310–4. doi: 10.3346/jkms.2016.31.2.310

39. Kim MJ, Byeon JY, Kim YH, Kim SH, Lee CM, Jung EH, et al. Effect of the
CYP2D6*10 Allele on the Pharmacokinetics of Clomiphene and its Active
Metabolites. Arch Pharm Res (2018) 41:347–53. doi: 10.1007/s12272-018-
1005-7

40. van Helden J, Weiskirchen R. Performance of the Two New Fully Automated
Anti-Mullerian Hormone Immunoassays ComparedWith the Clinical Standard
Assay.Hum Reprod (2015) 30:1918–26. doi: 10.1093/humrep/dev127

41. Pigny P, Gorisse E, Ghulam A, Robin G, Catteau-Jonard S, Duhamel A, et al.
Comparative Assessment of Five Serum Antimüllerian Hormone Assays for
the Diagnosis of Polycystic Ovary Syndrome. Fertil Steril (2016) 105:1063–
9.e3. doi: 10.1016/j.fertnstert.2015.12.023

42. Meyer UA. Pharmacogenetics - Five Decades of Therapeutic Lessons From
Genetic Diversity. Nat Rev Genet (2004) 5:669–76. doi: 10.1038/nrg1428

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Robin, Hennart, Broly, Gruchala, Robin and Catteau-Jonard. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
October 2021 | Volume 12 | Article 718917

https://doi.org/10.1097/01213011-199912000-00002
https://doi.org/10.1124/dmd.105.008714
https://doi.org/10.1097/00008571-199802000-00003
https://doi.org/10.1097/00008571-199408000-00005
https://doi.org/10.1097/00008571-199408000-00005
https://doi.org/10.1038/clpt.1985.193
https://doi.org/10.1038/clpt.1985.193
https://doi.org/10.1634/theoncologist.11-2-126
https://doi.org/10.1038/sj.mp.4001494
https://doi.org/10.2147/OTT.S149197
https://doi.org/10.1017/S1462399408000896
https://doi.org/10.1185/03007995.2010.518304
https://doi.org/10.1158/1078-0432.CCR-16-1779
https://doi.org/10.1007/s00280-013-2195-9
https://doi.org/10.1007/s00280-013-2195-9
https://doi.org/10.2165/11318030-000000000-00000
https://doi.org/10.2165/11318030-000000000-00000
https://doi.org/10.1093/humupd/dmw025
https://doi.org/10.1093/humupd/dmw025
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1093/humrep/dem426
https://doi.org/10.1093/humrep/dem426
https://doi.org/10.1093/humrep/dei042
https://doi.org/10.1016/j.fertnstert.2006.10.002
https://doi.org/10.1210/jcem.85.2.6356
https://doi.org/10.1016/j.ejogrb.2005.11.005
https://doi.org/10.1016/S0015-0282(16)46034-6
https://doi.org/10.1016/j.fertnstert.2008.01.058
https://doi.org/10.2133/dmpk.23.101
https://doi.org/10.1007/s00216-013-6961-7
https://doi.org/10.1093/hmg/ddr543
https://doi.org/10.3346/jkms.2016.31.2.310
https://doi.org/10.1007/s12272-018-1005-7
https://doi.org/10.1007/s12272-018-1005-7
https://doi.org/10.1093/humrep/dev127
https://doi.org/10.1016/j.fertnstert.2015.12.023
https://doi.org/10.1038/nrg1428
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Could Cytochrome P450 2D6, 3A4 and 3A5 Polymorphisms Explain the Variability in Clinical Response to Clomiphene Citrate of Anovulatory PCOS Women?
	Introduction
	Materials And Methods
	Study Design
	Population
	Study Protocol
	CYP2D6, CYP3A4 and CYP3A5 Genotyping
	Prediction of Responses According to CYP2D6, CYP3A4 and CYP3A5 Genotypes
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


