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A B S T R A C T

Poor ovarian response (POR) is one of the most challenging problems in assisted reproduction. Several
strategies have been used to improve pregnancy rates. The use of Clomiphene Citrate (CC) has been
shown to improve ovarian stimulation outcomes and decrease gonadotropin requirements in women of
advanced reproductive age. However, the combination of CC and gonadotropins to improve pregnancy
rates after in IVF in poor responders is still unexplored due to the small number of trials with few
participants.
This is a prospective cohort trial involving 12 patients diagnosed with poor ovarian response who

underwent ovarian stimulation during the period between June 2015 and September of 2017. All patients
were treated with the maximum dose of gonadotropins (hMG, 300 IU/day, hMG group) according to a
short gonadotropin/GnRH antagonist protocol. In a subsequent cycle those patients underwent the same
stimulation protocol with the addition of 100 mg of CC from day 3 to day 7 (CC-hMG group).
Supplementation with 100 mg of CC resulted in a statistically significant increase in estradiol levels,

number of follicles and number of oocytes retrieved, as well as an increase in the number of total embryos
available for transfer. Furthermore, a significant reduction was observed in cancellation rates in the CC-
hMG group. Two clinical pregnancies, which resulted in two live births and 3 biochemical pregnancies
were achieved in the CC/hMG group.
Furthermore, by employing open-source, biological data we identified a common gene (Estrogen

Receptor 1, ESR1) between genetic targets of clomiphene treatment and POR which could explain the
benefits of clomiphene in this group of patients.
In conclusion, the addition of CC 100 mg to the stimulation regimen in women diagnosed with POR and

previous failed IVF cycles could improve stimulation results, but this study could not demonstrate any
benefit in terms of clinical pregnancies and live births. The effectiveness of this treatment requires
further investigation.

© 2020 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

European Journal of Obstetrics & Gynecology and
Reproductive Biology

journal homepage: www.else vie r .com/ locat e/e jogrb
Introduction

Poor ovarian response (POR) is one of the most discussed
problems in assisted reproduction and occurs in 9–24 % of ovarian
stimulation cycles [1,2]. Poor response to ovarian stimulation
usually indicates a reduction in follicular response, resulting in
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reduced number of retrieved oocytes or even to cancelation of the
stimulation before oocyte pick-up (OPU), leading to emotional
distress and significant financial burden [1]. The term “Poor
Ovarian Response” is not strictly defined but several investigators
have used various criteria such as: age over 38 [3], three or less
oocytes retrieved [4,5], history of previous POR [6], Day 3 FSH level
higher than 8.5mIU/mL [4,5] and serum E2 levels of less than 600
pg/mL on the day of hCG administration [7]. In a review by Polyzos
and Devroey, of 47 randomized trials, 41 different definitions of
poor responders were employed [8]. The follow-up publication of
the Bologna criteria for the definition of a poor responder [9] was
endorsed by the European Society of Human Reproduction and
Embryology (ESHRE). According to these criteria, a patient is
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defined as a poor responder if at least two out of the three are met:
i) advanced maternal age (�40 years) [10] or any other risk factor
for POR, such as genetic abnormalities (mutations in specific genes
or structural abnormalities (Fig.1) [11], pelvic infection [12],
ovarian endometriomas [13] or chemotherapy [14], ii) history of a
previous poor ovarian response (�3 oocytes with a conventional
stimulation protocol) and iii) an abnormal ovarian reserve test.
While these criteria were widely accepted, there is still no
unanimity in the definition of poor ovarian response, as minimal
differences in the number of retrieved oocytes do not necessarily
translate into a significant reduction in pregnancy rates. In a large
prospective trial by Nelson et al., which included 144.000
treatment cycles, there was a significant decrease in pregnancy
rates after the age of 35, while a similar decrease was observed by
the age of 40 according to the Bologna criteria [8,15]. Finally, in
2016, the novel POSEIDON (www.groupposeidon.com) classifica-
tion system was established to improve counselling and manage-
ment of low prognosis patients undergoing ART [16,17]. The low
prognosis patients are classified into four groups according to the
results of ovarian reserve markers (AMH, AFC or both), female age
and the number of oocytes retrieved in previous cycles.

Etiology of POR includes multiple genetic [18], autoimmune,
idiopathic, and iatrogenic factors [19]. The cause for the
prematurely lower number of follicles can be identified at many
different levels of follicular and oocyte development. Multiple
genes were identified involved in folliculogenesis, however, the
impact of mutations or polymorphic variants of these genes
remains unclear.

Clomiphene citrate (CC) is a selective estrogen receptor
modulator, historically used for the induction of ovulation in
women with anovulation. CC binds to the hypothalamic estrogen
receptors stimulating the release of gonadotropins from the
anterior pituitary [20]. CC has been also been used in the past to
evaluate protocols with reduced doses of gonadotropins in cases of
male infertility and normal ovulatory function [21] or for a milder
stimulation in cases of previous OHSS [21,22]. D’Amato et al. first,
reported the use of CC in a novel protocol for ovarian stimulation in
POR. Women in the control group were stimulated according to a
standard long luteal phase stimulation protocol. In a more recent
study, Oride et al. evaluated the efficacy of CC in 13 poor responders
by comparing a short antagonist stimulation protocol with CC to a
long luteal phase protocol without CC (46 vs. 20 cycles
respectively). Four of the 13 patients achieved pregnancy with
the CC + hMG cycles, suggesting that the addition of CC in the
stimulation protocol may be of benefit in women with POR [23]. In
contrast, in a study by Lin et al., there was no difference in
pregnancy rates between patients treated with CC + hMG and those
treated with the conventional long protocol (Lin Hwang et al.,
2006). To add in the previous body of literature, in this study we
evaluated whether the addition of CC to a high gonadotropin dose
/GnRH antagonist regimen for women with history of prior POR,
Fig. 1. Genes associated with Poor ovarian response and Clomiphene targets. (A) Gen
interaction database. DGIdb: Drug-Gene Interaction database. ESR1: Estrogen Receptor
can improve the outcome of the stimulation as measured with the
rate of successful pregnancies.

Materials and methods

This is prospective cohort trial that was conducted from June
2015 to September 2017 and involved patients diagnosed with POR
in a previous stimulation according to the Bologna criteria. At least
two out of the following criteria had to be met: Age over 40 years,
Day 2 FSH > 12 mIU/mL, anti-Mullerian hormone (AMH) < 2 ng/
mL, at least one previous cycle of ovarian stimulation with three or
less oocytes or cancelled attempt due to poor response and serum
estradiol levels < 500 pg/mL on the day of the human Chorionic
Gonadotropin (hCG) administration. Twelve patients that met the
inclusion requirements underwent 27 cycles of ovarian stimula-
tion in total: 13 cycles under the human menopausal gonadotropin
(hMG, hMG-group) antagonist protocol and 14 cycles under the
CC-hMG antagonist protocol (CC-hMG-group). Each patient served
as her own control for the two treatments. If a patient had two or
more cycles under the same stimulation protocol each cycle was
included separately. Furthermore, we tried to combine biological
and clinical data sourced through the literature review to cross-
compare genetic targets of clomiphene treatment with genes
associated with “POR” obtained from the Drug-Gene Interaction
database (DGIdb) [24,25] (Fig. 1). The study was approved by the
ethics committee of the Aretaieion University Hospital and the
Leto Maternity Hospital of Athens. The study was also reported at
the clinical trials registry (clinicalTrials.gov) with registration
number NCT02237755.

Treatment schedule

All patients had serum Anti-Mullerian hormone levels mea-
sured within a 3 months period prior to stimulation. A fixed hMG-
antagonist protocol was used for all patients. Briefly, women were
evaluated on the 2nd day of their menstrual cycle when a
transvaginal ultrasound examination was performed and serum
levels of FSH and estradiol were measured. Providing that serum
FSH < 16 mIU/mL and estradiol < 70 pg/mL, ovarian stimulation
was initiated on day 3 with 300 IU of hMG (Menopur; Ferring
Pharmaceutical Hellas AE). All patients were re-evaluated on day 5
of stimulation (day 8 of the cycle), when a transvaginal sonogram
was performed to evaluate follicular growth and serum estradiol
levels were measured again. On day 6 of stimulation or when a
leading follicle reached a diameter of 14 mm, a commercially
available GnRH antagonist, Cetrorelix acetate 0.25 mg/day, was
initiated (Cetrotide; Merck Serono Hellas AE). Patients had serial
evaluations as needed. When at least two follicles reached an
average diameter of 18�20 mm, final oocyte maturation was
triggered with 10,000 IU of hCG (Pregnyl; Organon Greece Inc).
Oocyte Pick Up (OPU) was carried out 34�36 h later. All patients
es associated with “POR” sourced through literature review. (B) STRING protein
 1.
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underwent routine ICSI based on the limited number of available
oocytes regardless of the semen parameters. Patients with
successful fertilization underwent embryo transfer (ET) under
sonographic guidance on day 3 post OPU. Embryos were evaluated
by the scoring system established by the Istanbul consensus
workshop on embryo assessment [26]. Micronized progesterone
(Utrogestan; Angelini Pharma ABEE) was used for supplementa-
tion of the luteal phase (200 mg four times daily vaginally). Serum
beta-hCG was measured 12 days after the OPU and clinical
pregnancy was confirmed by ultrasound visualization of fetal heart
rate 2 weeks later. Patients who failed to respond to this protocol or
those that did not get pregnant were offered the option of an
additional cycle with the same stimulation protocol (300 IU/day of
hMG) with the addition of 100 mg CC per day from day 3 to day 7 of
the cycle (5 days) (CC-hMG-group) or oocyte donation.

Outcome measures: The primary outcome measured was
clinical pregnancy rates. Secondary outcomes were the duration
of the stimulation, number of follicles, number of oocytes
retrieved, number of mature oocytes (Metaphase II-MII), fertiliza-
tion rates, embryo quality, total number of embryos in each group
and biochemical pregnancy rates.

Endocrine assays: Circulating serum levels of AMH, as well as
FSH and estradiol were analyzed in samples collected on day 2 of
the menstrual cycle. A commercially available kit (Gen 2 ELISA;
Beckmann-Coulter) was used to measure AMH and electro-
chemiluminese immunoassay kit (ECLIA; Roche Diagnostics) were
used to measure FSH and estradiol. The intra-assay and inter-assay
coefficient of variation for AMH, FSH and estradiol were 5.7 and 4.6.
3.0 and 3.8, 3.9 and 5.6, respectively.

Statistical evaluation: A commercially available statistical
program (IBM SPSS Statistics for Windows, Version 21.0. IBM
Corp. Released 2012. Armonk, NY: IBM Corp) was used for the
statistical analysis. Continuous data are expressed as mean values
and standard error of the mean and were compared using the
Mann Whitney-U test or paired samples t-test, where appropriate.
Chi-square test was applied for the comparison of nominal
variables between the two groups. A p-value <0.05 was considered
statistically significant

Results

Twelve patients underwent 27 cycles of ovarian stimulation for
IVF. These patients had 13 cycles using the standard gonadotropin
antagonist protocol (hMG-group) as described previously and 14
cycles where the above-mentioned protocol was supplemented
daily with 100 mg of CC from days 3–7 of stimulation. The time
interval between the two stimulations was 1–3 months. The
demographics characteristics for all patients are shown in Table 1.
Comparative cumulative data for the two stimulation protocols are
shown in Table 2.

As expected, women in the CC-hMG group were slightly older
(39.23 vs. 40.43, p: 0.004) and there was a statistically significant
difference in AMH levels between the two groups (2.10 vs. 2.00, p:
0.028). Overall, no differences were found in day 2 FSH (10.21 vs
10.98, p:0.214) or day 2 estradiol levels (59.38 vs. 45.71, p: 0.078 for
the hMG-group and the CC-hMG-group respectively). Interesting-
ly, women in the CC/hMG group required one additional day of
Table 1
Clinical, hormonal and embryologic data of the two groups.

hMG group n = 13 CC-hMG group n = 14 p-value

Age + SE 39.23 � 1.15 40.43 � 1.00 0.004
Day 2 FSH + SE 10.21 � 0.86 10.89 � 0.89 0.214
AMH + SE 2.10 � 0.56 2.00 � 0.52 0.028
Day 2 estradiol + SE 59.38 � 8.90 45.71 � 4.11 0.078
medication (7.38 vs. 9.14, p: 0.022). Consequently, the amount of
gonadotropin required was increased in the CC-hMG group
(3323.08 vs. 4087.50, p: 0.014). Peak estradiol levels were
significantly higher in the CC-hMG group, as compared to the
hMG group (1522.57 vs. 614.73, p:0.001), in accordance to the
higher number of large follicles (5.29 vs. 2.23, p: 0.001). As a result,
the number of oocytes retrieved was higher in the CC/hMG group
(4.5 vs. 2 p: 0.012). Subsequently, significant differences were also
noted in the total number of fertilized oocytes (3.23 vs. 1.83, p:
0.028), although the fertilization rates between the two groups
were similar (0.59 % vs. 0.72 %, p: 0.249). As a result, there was a
significant difference in the total number of embryos available for
ET or cryopreservation (2.40 vs. 3.64, p: 0.027) and, consequently,
in the overall number of embryos transferred (2.25 vs. 2.7, p: 0.014).
There was a borderline significant difference in the number of
high-quality embryos between two groups (those with 7 or 8 cells
on day 3 and grades 1 or 2) [26].

Furthermore, more cycles were cancelled in the hMG group due
to no response to the stimulation [61.5 % (8 out of 13) vs. 7.1 % (1 out
of 14), p: 0.034] in the CC-hMG-group. Looking at the primary
outcome (clinical pregnancy rates), there were no clinical
pregnancies in the hMG-group, whereas in the CC-hMG group
there were two confirmed clinical pregnancies out of the twelve
embryo transfers (ET) that were carried out (16.67 %) and two live
births, but this difference did not reach statistical significance (p-
value: 0.423). On the contrary there was a significant difference in
the rate of biochemical pregnancies, as there were 5 positive β-hCG
tests out of the 12 ET in the CC-hMG group (41 %) in contrast to all
negative in the hMG-group (p: 0.014).

Finally, analyzing bio-clinical data sourced in literature, we
identified a common gene, ESR1 (Estrogen Receptor 1), between
the clomiphene genetic targets and POR-associated genes. Further
analysis through the STRING protein interaction database [27],
indicated the centrality of ESR1 to the network (Fig. 1).

Discussion

Our study demonstrated that the addition of CC in a stimulation
regimen with hMG/antagonist for poor responders may reduce
cancelation rates, improve follicular response resulting in a
significant increase in the number of oocytes retrieved and the
embryos available for transfer. In addition, there was a significant
increase in biochemical pregnancies. However, we could not
demonstrate any benefit in terms of clinical pregnancies and live
births. Furthermore, the addition of CC 100 mg to the stimulation
regimen increased the miscarriage rate (3 out of 5 biochemical
pregnancies). Several stimulation strategies have been proposed
for the management of those patients with varying and often
conflicting results. In a study by Bosa et al., 244 patients were
analyzed for their response to a GnRH microdose agonist protocol
(50 mg SC of leuprolide acetate twice daily on day 2 of the cycle)
(Group 1) and to hMG/ GnRH antagonist protocol (Group 2). Both
groups received at least 375 IU of gonadotropins per day. There was
a significant increase in the number of oocytes retrieved in the
micro-dose flare up protocol group (3.6 � 2.4 vs. 2.8 � 1.9 p: 0.005),
as well as significantly higher implantation rate (27.8 % vs. 18.8 % p:
0.04). Despite this, there was no significant difference in the
clinical pregnancy rates between the two groups (19.8 % vs. 14.4 %
p: 0.13) [28].

Regarding the administration of androgens and especially
DHEA prior to ovarian stimulation data has also been controversial,
with some investigators supporting their use [29,30]. While
others, failed to confirm these findings [31,32].

Clomiphene citrate historically has been used to induce
ovulation in women with non or oligo-ovulatory cycles or luteal
phase deficiency [20]. Jovanovic et al. examined efficacy of adding



Table 2
Stimulation results (clinical, hormonal and embryologic data) of the two groups.

hMG group n = 13 CC-hMG group n = 14 p-value

Peak estradiol +SE 614.73 � 111.38 1522.57 � 250.33 0.001
Average Total hMG dose +SE 3323.08 � 272.20 4087.50 � 86.85 0.014
Cancellation rates 8/13 (61.5 %) 1/14 (7.1 %) 0.022
Duration of stimulation (days) + SE 7.38 � 0.60 9.14 � 0.18 0.022
Number of follicles + SE 2.23 � 0.58 5.29 � 0.63 0.001
Number of Oocytes + SE 2 � 0.60 4.5 � 0.64 0.012
Number of Embryos + SE 2.40 � 0.51 3.64 � 0.49 0.027
Biochemical pregnancy rates 0/4 (0.0 %) 5/12 (35.7 %) 0.014
Clinical pregnancy rates (Live birth rates) 0/4 (0.0 %) 2/12 (14 %) 0.423
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CC in a GnRH antagonist protocol to the same patients (n: 48). They
concluded that the combined protocol could be more suitable in
POR cases [33]. Our findings are in agreement with the study by
D’Amato et al. [34], as well as with the study by [33]. In contrast,
we contradicted the findings of Oride et al. [23]. Unfortunately, we
were unable to demonstrate statistically significant difference in
live-birth rate.

Our findings supported that supplementation of CC in the
stimulation protocol led to a significant reduction in cancellation
rates in comparison to hMG group (7.1 % vs. 61.5 % respectively, p:
0.022). Peak estradiol levels were significantly higher in the CC-
hMG group at the end of the stimulation, reflecting on the
increased number of follicles. In average 4.5 oocytes were retrieved
in the CC-hMG group in contrast to the 2 in hMG group.
Subsequently, more embryos were available for transfer in the
CC-hMG group (3.64) than in hMG group (2.40), as presented in
Table 2b.

There were 5 patients in the CC supplemented group with
positive β-hCG test in comparison to none in the hMG group, a
statistically significant difference (p: 0.014). On the other hand,
only 2 out of 5 positive β-hCG test ended in clinical pregnancies and
live births in the CC-hMG group without statistically significant
difference. These findings were in agreement with the study of
Jovanovic et al. [33] as well as the D’Amato et al. [34], who did not
find any difference in clinical pregnancy rate. It could be explained
by the well-known adverse effect of CC on endometrial receptivity
as it has been associated with endometrial thinning [35,36], which,
as presented by Richter et al., can affect the implantation rate
irrespective of maternal age and embryo quality [37].

Unlike the previously published data and according to our
results, the CC-hMG protocol required 1.7 additional days of
stimulation (7.38 vs. 9.14, p: 0.022). While this prolongation may
require an added amount of gonadotropins, it seems that may have
a beneficial effect in follicular and oocyte maturity. Furthermore,
based on our literature review, this study, for the first time,
combined biological and clinical data in support of clomiphene
efficacy during the ovarian stimulation of PORs. Genes associated
with “POR” were sourced through literature review [18] and cross-
compared with genetic targets of clomiphene treatment as
published in the DGIdb [24] through Venn diagram analysis [25]
(Fig. 1). Currently, DGIdb contains over 14,144 drug-gene
interactions by 2611 genes and 6307 drugs and in addition it
includes 6761 genes belonging to one or more of 39 potentially
druggable gene categories. A common gene between the two lists
was identified as the ESR1 (Estrogen Receptor 1), a ligand-activated
transcription factor. Additional research through the STRING
protein interaction database [27], showed that ESR1 play the
central role at functional interaction networks of proteins (Fig. 1).
The existence of this common gene might explain the effect of
clomiphene in the poor responder group.

In conclusion, as it has been demonstrated by this study; a
combined CC-hMG ovarian stimulation protocol in women who
diagnosed with POR and previous failed IVF cycles could improve
stimulation results without, however, increasing the pregnancy
and live-birth rates. For patients unwilling to proceed to oocyte
donation, the possible technic of “freeze all embryos” and embryo
transfer in subsequent cycle may be of some benefit. Further
studies preferably randomized with sufficient power are required
to clarify further our findings.
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