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CYP2D6 is primarily responsible for the metabolism of clomiphene citrate (CC). The purpose
of the present study was to investigate the relationship between CYP2D6 genotypes,
concentrations of CC and its major metabolites and drug response in infertility patients.
We studied 42 patients with ovulatory dysfunction treated with only CC. Patients received
a dose of 100 mg/day CC on days 3-7 of the menstrual cycle. CYP2D6 genotyping and
measurement of CC and the major metabolite concentrations were performed. Patients
were categorized into CC responders or non-responders according to one cycle response for
the ovulation. Thirty-two patients were CC responders and 10 patients were non-
responders with 1 cycle treatment. The CC concentrations were highly variable within the
same group, but non-responders revealed significantly lower (E)-clomiphene concentration
and a trend of decreased concentrations of active metabolites compared to the responders.
Nine patients with intermediate metabolizer phenotype were all responders. We confirmed
that the CC and the metabolite concentrations were different according to the ovulation
status. However, our results do not provide evidence for the contribution of CYP2D6
polymorphism to either drug response or CC concentrations.
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INTRODUCTION

Clomiphene citrate (CC) is used for inducing ovulation in pa-
tients with polycystic ovarian syndrome (PCOS) or ovulatory
dysfunction without evident cause (1,2). It is a structurally het-
eromorphic molecule with combination of zuclomiphene [(Z)-
clomiphene] and enclomiphene [(E)-clomiphene], of which
the (E)-clomiphene is more active in inducing ovulation (3,4).
The in vivo metabolism of CC has not been revealed much over
the years; however, 9 metabolites were recently discovered
(4,5). CYP2D6 was reported to be involved in the metabolism of
CC in a few studies (4,6) and CYP2D6 polymorphism could af-
fect the production of active metabolites. Until now, there was
no study on relationship between CYP2D6 genotypes and clini-
cal drug effect or serum levels of active metabolites in infertile
women taking CC. One recent study reported that the concen-
trations of (E)-4-OH-Clom and (E)-4-OH-DE-Clom were 8 to 12
times lower in healthy women volunteers with poor metaboliz-
er (PM) compared to those with extensive metabolizer (EM) (4).

The purpose of this study was to investigate the relationship
between CYP2D6 genotypes and CC metabolite concentration
as well as the clinical drug response in patients with ovulatory
dysfunction. Because CC has only minor adverse effects (7), the
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drug response was determined as the presence of ovulation af-
ter 1 cycle of CC treatment. The hypothesis of this study is as
follows. Compared to patients with EM, those with intermedi-
ate metabolizer (IM) or PM would be predicted to have lower
active metabolite concentrations. In addition, the possibility of
decreased drug effects were expected to be greater, which
means more frequent resistance to CC, in patients with lower
metabolic CYP2D6 activity such as PM or IM.

MATERIALS AND METHODS

Subjects

A total of 42 patients with ovulatory dysfunction participated in
this study between February 2011 and January 2013. None of
the patients took other medications at the beginning of the
study. Study participants were considered healthy based on
medical history, physical examination and routine biochemical
laboratory test results. Patients who had other infertility factors
were excluded. All patients were ethnically Korean.

Study design
Patients consecutively received a dose of 100 mg/day CC on
days 3-7 of the menstrual cycle, and blood samples were col-
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lected on days 3 and 10 (or on follow-up days). Serum speci-
mens were used for the measurement of CC and its metabo-
lites, anti-Miillerian hormone (AMH), follicle stimulating hor-
mone (FSH), and estradiol (E2). Whole blood samples were
prepared for CYP2D6 genotyping. Patients were monitored for
follicular growth 2 to 3 times after the medication, and the di-
ameter of dominant follicle was measured. Ovulation was as-
sumed to have occurred if the diameter of dominant follicle
was greater than 18 mm during the serial sonographic exami-
nation. In such a case, the presence of luteinizing hormone
surge was confirmed by urine test. Patients who ovulated on an
initial dose of 100 mg/day were regarded as CC responders, and
those who did not ovulate on this dose were regarded as CC
non-responders with 1 cycle treatment. For each group, the
functional ovarian reserve was assessed by AMH and clomi-
phene citrate challenge test.

CYP2D6 genotyping and determination of expected
phenotypes

Genomic DNA was extracted from whole blood using a Qiagen
DNA extraction kit (Qiagen, Hilden, Germany). For CYP2D6
genotyping, we performed polymerase chain reaction (PCR)-
direct sequencing and multiplex long-PCR (8,9). We included
primers to amplify most CYP2D6 variants detected in previous
studies of Korean population (10,11). The predicted enzyme
activity was determined based on previous references (12,13).
Phenotypes are determined by the combinations of functional
allele, decreased-function allele, and non-functional allele.

Measurement of clomiphene and its metabolites

Measurements of CC and its metabolites were performed with
use of HPLC-tandem mass spectrometry (4,5). Quantification of
CC includes both (E)-clomiphene and (Z)-clomiphene. Its me-
tabolites, including (E)-4-OH-DE-Clom, (E)-4-OH-Clom, (E)-
N,N-didesethylclomiphene, (E)-N-desethylclomiphene, (E)-clo-
miphene-N-oxide, (Z)-4-hydroxyclomiphene, (Z)-N,N-dides-
ethylclomiphene, (Z)-N-desethylclomiphene, (Z)-clomiphene-
N-oxide were also analyzed. Serum specimens collected on day

3 were considered to be basal sample and those collected on day
10 or follow-up days were post-medication sample. Measure-
ment procedure of both sample pairs was performed in a batch.

Statistical analyses

Mann-Whitney test or Fisher’s exact test were performed to an-
alyze demographics and functional ovarian reserve of the pa-
tients. P value of less than 0.05 was considered to be statistically
significant. SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA)
was used.

Ethics statement

This study was approved by the institutional review board of the
Mizmedi Hospital (Approval No.: MIZMEDI-2011-01-01). In-
formed consent for genetic testing was received from all patients.

RESULTS

Clinical and laboratory characteristics of the patients
Patients’ demographics and endocrine characteristics are pre-
sented (Table 1). There were 32 CC responders and 10 non-re-
sponders after one cycle of treatment. The proportion of PCOS
was significantly higher in non-responder group and AMH was
also higher in non-responder group (P = 0.002 and 0.001, re-
spectively). Ninety percent of non-responders (9/10) were PCOS
patients.

The expected phenotypes were divided into 2 groups, EMs
and IMs. There were 33 EM patients and 9 IM patients. AMH
was lower in IM patients (4.6 ng/mL for EM and 2.5 ng/mL for
IM, P = 0.024), and this may be because there were only 2 PCOS
patients in IM group while remaining 17 PCOS patients were in
EM group. All IM patients were included in CC responder
group and 30% of EM patients were CC non-responders.

CYP2D6 genotypes and determination of expected
phenotypes

The major genotypes were CYP2D6*1/%10(33.3%), *1/*2(14.3%),
*2/*10 (12.0%), and *10/%10(9.5%). CYP2D6*10 was found to be

Table 1. Clinical and endocrine characteristics of patients according to the response to clomiphene therapy

Characteristics All patients* (n = 42) CC responders™ (n = 32) CC non-responders™ (n = 10) Pvalue’
No. of PCOS patients 19 9 0.002
Age, yr 32.8(4.7) 33.1(5.0) 30.7 (9.0) 0.067
Weight, kg 54.0 (11.3) 53.0(10.5) 59.5 (16.0) 0.424
Height, cm 162 (8.0) 162 (8.0) 162 (9.0) 0.778
BMI, kg/m? 20.4(3.7) 20 3 3 6) 21.9(5.3) 0.346
AMH, ng/mL 4.3 (4.5) 3.2) 8.1(7.9 0.001
FSH, miU/mL* 11.3(3.3) 11 2 3.2) 12.1(3.1) 0.226
E2, pg/mL® 39.0 (24.8) 39.5 (28.9) 33.5(21.3) 0.671

*Values are presented as median (interquartile range) except number of PCOS patients; "ann-Whitney or Fisher’s exact test was performed to compare two groups; *FSH val-
ues are the sum of measurements on day 3 and day 10; SE2 values are measured on day 3. CC, clomiphene citrate: PCOS, polycystic ovary syndrome; BMI, body mass index;

AMH, anti-Mdillerian hormone; FSH, follicle stimulating hormone, E2, estradiol.
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the most frequent allele (41.7%), followed by CYP2D6*1 (34.5%).
As previously mentioned, there were 33 EM and 9 IM patients.
Genotypes of IM patients included CYP2D6*10/*10, *10/%41,
*10/*49, and *5/*10 (Table 2). No PM or UM was detected.

Measurement of clomiphene and its metabolites

(E)- and (Z)-clomiphene, and other various metabolites were
measured. In post-medication samples, CC and metabolites
concentrations varied in large degrees. However, when we
compared the results between CC responders and non-re-
sponders, (E)-clomiphene levels were significantly lower in
non-responders, with showing similar trend in major active
metabolites (Table 3). Although no statistical difference in the
metabolites, there was a trend of showing lower levels in non-
responders.

Among 42 patients, 4 patients had their samples taken on the
first day after completing one cycle of CC treatment (day 8), 9
patients on the second day (day 9), 13 patients on the third day
(day 10), 4 patients on the fourth day (day 11), 9 patients on the

Table 2. CYP2D6 genotypes and expected phenotypes

CYP2D6 Expected No. of No. of Frequency %
genotype phenotype EM alleles PM alleles
171 3 7.1
*1/72 EM/EM 2 0 6 143
2/72 2 4.8
*1/*10 14 333
*1/"49 1 2.4
*1/°52 e L v 1 2.4
210 5 12.0
“1/°5 EM/PM 1 1 1 2.4
EM subtotal: 33 (78.6%)
“10/°10 4 9.5
“10/41 IM/IM 0 0 1 2.4
“10/49 1 2.4
*5/°10 IM/PM 0 1 3 74
IM subtotal: 9 (21.4%)
Total 42 100.0

EM, extensive metabolizer; PM, poor metabolizer; IM, intermediate metabolizer.

Table 3. Clomiphene and the metabolites concentrations in post-medication samples

fifth day (day 12), and 3 patients on the sixth day (day 13). As
the sample collection day was delayed, the concentration of the
metabolites showed decreasing trend in patients. The timing of
post-medication samples was determined by the ovulatory re-
sponse of each patient. It was the day of ovarian response
showing the peak serum levels of E2 in the stimulatory cycle
with clomiphene in CC responders. It was also on the day of
hCQG triggering of the cycle. It was the last day of determined as
CC non-responders with clomiphene stimulation. IM group
had showed large differences despite of just 1 to 2 days of col-
lection time point.

CC and some of its metabolites were observed in basal sam-
ples of several patients. (Z)-clomiphene was detected in 15 bas-
al samples (median 4.29 nM). Of them, 9 patients had a previ-
ous history of CC medication within 1 to 14 months of sample
collection. The (Z)-clomiphene concentration was relatively
lower (0.41-2.27 nM) in 5 patients without any history of CC
medication, but relatively higher (4.29-70.51 nM) in patients
who had the history of CC medication just prior to study initia-
tion within 1 to 3 months.

DISCUSSION

This is the first study on the relationship between concentra-
tions of CC and the drug response in actual infertility patients.
CC non-responders showed significantly lower (E)-clomiphene
levels compared to responders. (E)-clomiphene is considered
stronger isomer to produce ovulation induction (4,6,14). De-
creased concentration of (E)-clomiphene may constitute the
evidence for increasing the daily dose of CC in next cycle.
Moreover, AMH level was significantly higher in non-responder
group than responders, of which 90% were PCOS patients (9.3
+4.6 vs. 3.8 + 2.6 ng/mL) in this study. Elevated serum AMH
concentration in women with PCOS is known to lower sensitiv-
ity of ovarian follicles to circulating FSH. This effect may com-
promise the outcome of CC ovulation induction. Previous stud-

Total

CC responders (n = 32)

CC non-responders (n = 10)

Analytes (nM) = = = Pvalue*
Median IQR" Median IQR" Median IQR"
(E)-clomiphene 2.32 1.70-7.34 3.23 1.87-8.21 1.73 1.56-2.12 0.036
(2)-clomiphene 38.44 29.06-52.93 40.75 32.00-56.47 BI85 20.08-44.19 0.144
(E)-4-0OH-Clom 3.15 1.27-12.85 4.04 1.64-13.91 2.20 1.11-3.64 0.136
(E)-4-0H-DE-Clom 411 1.22-12.88 5.82 2.00-19.09 1.46 0.97-4.23 0.076
(E)-N-desethylclomiphene 0.64 0.30-4.33 1.13 0.38-5.73 0.50 0.18-0.87 0173
(E)-N, N-didesethylclomiphene 473 1.13-10.99 5.21 1.29-11.36 2.96 0.97-12.60 0.637
(E)-clomiphene-N-oxide 0.00 < LLOQ, 0.21 0.00 <LL0Q, 0.23 0.00 < LLOQ, 0.05 0.480
(2)-4-hydroxyclomiphene 0.51 0.27-1.05 0.58 0.31-1.45 0.33 0.25-0.71 0.199
(£)-N-desethylclomiphene 13.36 10.28-20.01 12.33 10.21-19.03 15.53 10.31-20.19 0.516
(2)-N, N-didesethylclomiphene 0.62 0.47-1.23 0.61 0.44-1.09 0.79 0.48-1.37 0.565
(2)-clomiphene-N-oxide 8.70 1.30-18.09 7.26 0.84-17.27 16.49 10.29-18.98 0.048

*Mann-Whitney test was performed to compare two groups; First and third quartiles are presented. CC, clomiphene citrate; IQR, interquartile range; LLOQ, lower limit of quantifi-
cation; (E)-4-0H-Clom, (E)-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E)-4-hydroxy-N-desethylclomiphene.
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ies reported that PCOS women with high circulating AMH seem
to be resistant to CC and may require a higher starting dose (15,
16). To evaluate prospectively the prognostic factors for ovula-
tory responses following CC administration in PCOS, endocrine
and metabolic parameters between responder and non-respon-
der groups were analyzed in the previous study (17). They had
reported that the levels of blood glucose and blood glucose x
insulin at 120 min after 75-g oral glucose tolerance test could be
good biochemical markers of CC resistance in PCOS. Also the
concentration of (Z)-clomiphene-N-oxide, one of the metabo-
lites of (Z)-clomiphene, was significantly higher in non-respon-
der group compared to responders. This might be one of the
evidence for changing to other drugs (Table 3).

Another key point was in line with previous studies. In the
post-medication samples, the concentration of (Z)-clomiphene
was higher than that of (E)-clomiphene and (Z)-clomiphene
was detected in substantial number of basal samples from
those who were given CC before entering the study. This sup-
ports previous finding in which half-life of (Z)-clomiphene is
much longer than (E)-clomiphene, and (Z)-clomiphene was
detectable in feces after 1 month of medication (14,18).

Based on the hypothetical theory, the concentrations of ac-
tive metabolites were predicted to be lower in IM or PM group;
however, CC metabolite levels showed considerable variations
within IM and EM group. There were not much of differences
in concentrations of metabolites between EM and IM group.
The relationships between the CYP2D6 genotypes and concen-
trations of metabolites as well as drug response rate were not
clear in this study and could be due to following reasons. We
divided the patients into the CC responder and non-responder
group based on one cycle of treatment with relatively low CC
loading dose. It may influence the degree of effects. Other un-
known factors could have influenced the result, as there are
many different clinical settings and pathogenesis of infertility.

Our study has several limitations. PMs were not included in
this study because less than 1% of Korean has PM phenotype
(10,11). Non-standardized collection time was also the limita-
tions of this study. We tried to set the collection day on day 10,
but we could not restrict the exact collection day since this was
an observational study. The visiting day is decided based on the
individual’s expected day of ovulation response, and actual col-
lection time was between 8 to 13 days. Lastly, making a clinical
decision on drug response after just one cycle of CC treatment
was also the limitation.

In conclusion, CC non-responders showed significantly low-
er (E)-clomiphene concentration than responders, and also
showed a trend of decreased concentrations of active metabo-
lites. However, no significant differences in metabolite concen-
trations were observed between EM and IM phenotype pa-
tients. We confirmed that the CC and the metabolite concentra-
tions were different according to the ovulation status. However,

http://dx.doi.org/10.3346/jkms.2016.31.2.310

our results do not provide evidence for the contribution of CY-
P2D6 polymorphism to either drug response or CC concentra-
tions. More future studies involving infertility patients may be
needed to clarify whether CYP2D6 genotype or phenotype can
predict the degree of response to CC.
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