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Summary: Objective: We aimed to compare highly purified human menopausal gonadotropin (hp-hMG) and recombinant follicle stimulating
hormone (rFSH) in short antagonist in vitro fertilization (IVF) cycles of patients with poor ovarian reserve (POR). Limited research exists on this
comparison in short antagonist cycles for this patient group. Materials and methods: This retrospective cohort study involved 165 POR patients
aged 18-45 years who underwent IVF between 2018 and 2022. Patients were divided into two groups based on their GnRH antagonist protocol:
hp-hMG (group 1 = 72) and rFSH (group 2 = 93). We compared pregnancy outcomes, number of oocytes collected, mature oocytes retrieved,
mean fertilized oocytes, top quality embryos transferred, and serum estradiol (E2) and progesterone (P) levels on human chorionic gonadotropin
(hCG) administration day. Results: No significant differences were found in E2 and P levels on hCG trigger day, endometrial thickness on transfer
day, stimulation duration, total oocyte number, and mature oocyte number (P > 0.05). The total gonadotropin dose was significantly higher in
the rFSH group (P < 0.001). The number of top-quality embryos transferred and clinical pregnancy and live birth rates did not differ significantly
between groups (P =0.320; P =0.310; P = 0.652; and P = 0.662, resp.). Conclusion: Neither hp-hMG nor rFSH showed superiority in patients with
POR, indicating similar effectiveness in this population.
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Introduction

Patients undergoing assisted reproductive
technologies (ART) are heterogeneous in
their response to gonadotropin stimula-
tion. Infertile patients with a diminished
ovarian reserve, referred to as poor ovarian
responders, are estimated to happen in

10-25% of assisted reproduction patients
and the estimated live birth rate in poor
ovarian reserve (POR) patients is less than
10%, regardless of ovarian stimulation pa-
rameters and age [1]. For these reasons,
ART outcomes for POR patients remain
a great challenge, and choosing a suitable

treatment protocol for these patients is es-
sential. Bologna criteria developed by the
European Society of Human Reproduc-
tion and Embryology is used to identify
patients with low ovarian reserve [2]. They
must possess at least two of the three fol-
lowing features:
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Souhrn: Cil: Zaméili jsme se na srovnani vysoce purifikovany lidsky menopauzalni gonadotropin (hp-hMG) a rekombinantni folikuly stimulujici
hormon (rFSH) v kratkych antagonistickych cyklech invitro fertilizace (IVF) u pacientek se $patnou ovarialni rezervou (POR). Pro tuto skupinu
pacientek existuje omezeny vyzkum tohoto srovnani v kratkych cyklech antagonist(. Materialy a metody: Tato retrospektivni kohortova studie
zahrnovala 165 pacientek s POR ve véku 18-45 let, ktefi podstoupili IVF v letech 2018-2022. Pacienti byli rozdéleni do dvou skupin na zakladé
protokolu s antagonistou GnRH: hp-hMG (skupina 1 = 72) a rFSH (skupina 2 = 93). Porovnavali jsme vysledky téhotenstvi, pocet odebranych
oocytl, odebrané zralé oocyty, primérny pocet oplodnénych oocytl, transferovana embrya nejvyssi kvality a hladiny sérového estradiolu
(E2) a progesteronu (P) v den podani hCG. Vysledky: Nebyly nalezeny zadné signifikantni rozdily v hladinach E2 a P v den spousténi hCG,
tloustce endometria v den prenosu, délce stimulace, celkovém poctu oocytli a poctu zralych oocytd (p > 0,05). Celkova dévka gonadotropinu
byla vyznamné vyssi ve skupiné s rFSH (p < 0,001). Pocet transferovanych embryi $pickové kvality a klinické téhotenstvi a porodnost se mezi
skupinami vyznamné nelisily (p = 0,320; p = 0,310; p = 0,652 a p = 0,662). Zavér: Ani hp-hMG ani rFSH neprokazaly pfevahu u pacientek s POR,
coz ukazuje na podobnou ucinnost v této populaci.

Klicova slova: vysoce purifikovany lidsky menopauzélni gonadotropin - invitro fertilizace — Zivé narozené déti - Spatna ovarialni rezerva —

rekombinantni folikuly stimulujici hormon

- age > 40 years or with other risk factors
for POR;

- < 3 oocytes retrieved from the previous
invitro fertilization/intra-cytoplasmic
sperm injection (IVF/ICSI) cycle using
a conventional stimulation protocol;

- antral follicle count < 7 or Anti-Miille-
rian hormone (AMH) < 1.1 ng/mL.

Making individual treatments for the
patient increases our success. How-
ever, there is insufficient evidence about
which gonadotropin type and at which
dose treatments improve pregnancy
rates in patients with POR [2]. Highly pu-
rified human menopausal gonadotro-
pin (hp-hMG) and recombinant follicle
stimulating hormone (rFSH) have been
used for controlled ovarian stimulation
(COS) during ICSI separately or in com-
binations. Their effects on cycle char-
acteristics and pregnancy outcomes
have been discussed in many studies.
De Placido etal. suggested rFSH is ef-
fective in patients with low ovarian re-
serve [3]. Another study evaluated the
clinical outcomes of using hp-hMG ver-
sus rFSH in the first treatment cycle of
IVF or ICSI. It found similar pregnancy
and live birth rates between the two
groups, but noted that cycles with rFSH
were characterized by shorter stimu-
lation durations, lower gonadotrophin
consumption, and an increased number
of oocytes and embryos [4]. Adding lu-
teinizing hormone (LH) in IVF cycles can

be particularly important in specific pa-
tient groups. LH supports follicular de-
velopment, oocyte maturation, and pro-
gesterone production, thereby aiding in
a better ovarian response and improved
embryo quality [5]. One meta-analysis
revealed that the co-treatment of rFSH
with recombinat LH (rLH) can lead to
better clinical outcomes in women over
35 undergoing fresh IVF cycles, suggest-
ing an improvement in clinical preg-
nancy rates and the number of mature
oocytes retrieved [6]. Another study sup-
ported these findings, highlighting that
rLH supplementation can significantly
increase clinical pregnancy rates and the
number of oocytes retrieved in women
who initially respond poorly to rFSH [7].

We aimed to compare cycle param-
eters and pregnancy outcomes in pa-
tients with POR undergoing short antag-
onist IVF cycles using rFSH or hp-hMG.
This study is one of the few that com-
pares cycle parameters and pregnancy
outcomes between rFSH and hp-hMG in
patients with POR receiving a short an-
tagonist IVF protocol.

Materials and methods

Design and setting

This retrospective cohort study was con-
ducted between 2018 and 2022 at the
University of Health Sciences Konya City
Hospital IVF unit after receiving approval
from the Institutional Review Board of the
University of Health Sciences protocol

number 12-51 on 7. 12. 2023. The study
was conducted in accordance with the
Declaration of Helsinki and Good Clini-
cal Practice guidelines. All patients con-
sented to participate in the study.

Patient population

and inclusion-exclusion criteria
Patients with polycystic ovary syndrome,
male factor infertility, tubal factor, endo-
metriosis, unexplained infertility, hypog-
onadotropic hypogonadism, body mass
index > 30kg/m?, and patients with sys-
temic diseases were not included in the
study. Only patients with poor ovarian
reserve who met the Bologna criteria
were included in the study.

Study protocol

Total of 165 IVF patients with poor
ovarian reserve were included in this
study; 72 received hp-hMG (Menopur;
Ferring, Sweden) (group 1) and 93 re-
ceived rFSH (Gonal F; Serono, Geneva,
Switzerland) (group 2) for COS during
ICSI with the GnRH antagonist proto-
col. We decided which type of gonad-
otropin to start on each individual pa-
tient, based on the economic situation
of the patients and the increase in the
dollar exchange rate in our country dur-
ing the pandemic period, as well as the
drugs available in pharmacies’ stocks.
Pregnancy-related outcomes (clinical
pregnancy and live birth rate), number
of collected oocytes, number of mature
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oocytes (M2), number of fertilized oo-
cytes, number of transfered embryos,
embryo grades (grade 1-3), and serum
E2 and progesterone levels on the day
of hCG administration parameters were
compared between the two groups.

Basal hormone profiles were exam-
ined in all patients on the second day of
menstruation. After persistent follicular
cysts are excluded by transvaginal ultra-
sound, 300 IU/day (subcutaneously (SQ)
as the initial dose of hp-hMG (Menopur;
Ferring, Istanbul) or rFSH (Gonal F;
Merck, Istanbul) was started in the pa-
tients. GNRH antagonist cetrorelix (Ce-
trotide; Merck, Istanbul) was adminis-
tered daily at 0.25 mg when follicle size
reached 12-13mm in both groups and
continued until the end of stimulation.
When follicle size reached 18 mm, rec
hCG (Ovitrelle; Merck, Istanbul) injec-
tion was performed and oocytes were
collected after 36 hours. Under ultra-
sound guidance, one or two embryos
were transferred on day 3 of the cleav-
age stage. Standard luteal support was
administered with 600 mg/day vaginal
micronized progesterone (Progestan,
Kogak Farma, Istanbul). Twelve days after
embryo transfer, patients were called in
for a check-up for a pregnancy test. Clin-
ical pregnancy was defined as the pres-
ence of a fetal heartbeat on ultrasonog-
raphy performed 4-5 weeks later in
patients with a positive pregnancy test,
births at 24 weeks, or over 500 grams
were considered live births.

Statistical analysis

Statistical Package for the Social
Sciences version 22.0 (SPSS, IBM Corp.,
Armonk, NY, USA) was used to perform
statistical analyses on the research data.
The Kolmogorov-Smirnov test was used
to check for data normality. Categorical
variables were expressed as number (N)
and percentage (%), while continuous
variables were reported as the median
(25%-75™ percentile). Continuous varia-
bles were evaluated with the Mann-
Whitney U-Test. The Pearson Chi-square

Tab. 1. Demographic and baseline characteristics of the patients.
Tab. 1. Demografické a vychozi charakteristiky pacientek.

Baseline Group hp-hMG,
characteristics N=72

year 36 (33-39)
BMI (kg/m?) 25(23-27)
AFC 5(3-6)

FSH (IU/mL) 9(7-12)

LH (IU/mL) 9 (6-10)
basal E2 ( pg/mL) 45 (34-57)
AMH (ng/mL) 0.6 (0.2-1)

Gro':l : ;';SH’ P-value
37 (35-39) 0.431
25 (23-28) 0.478

4 (3-6) 0.830
9(7-11) 0.884
7 (5-9) 0.001
45 (35-55) 0.774
0.5(0.1-1) 0.478

Variables are presented as median (25"-75% percentiles). Mann-Whitney U-Test was used.
AFC - antral follicle count, AMH — Anti-Mdillerian hormone, BMI - body mass index, E2 -
estradiol, FSH - follicle-stimulating hormone, hp-hMG - high purified human menopausal
gonadotropin, LH - luteinizing hormone, N — number, rFSH — recombinant follicle

stimulating hormone

Test was used to compare categori-
cal data. Statistical significance was as-
sumed to be at the P < 0.05 level.

Results

This retrospective study included
165 IVF patients; 93 were administered
rFSH for COS during ICSI using the GnRH
antagonist protocol, while 72 were ad-
ministered hp-hMG. Patients in the
groups had similar characteristics in
terms of age, BMI (body mass index), an-
tral follicle count (AFC), follicle stimulat-
ing hormone (FSH), basal estradiol (E2),
and AMH parameters (P > 0.05). In ad-
dition, LH levels were statistically sig-
nificantly higher in patients in Group 1
(hp-hMG) (P = 0.001) (Tab. 1).

When the ovarian stimulation param-
eters of the groups were examined, the
total gonadotropin dose was higher
in the rFSH group, and this difference
was found to be statistically significant
(P < 0.0017). In addition, hCG trigger day
E2, trigger day P (progesterone), trig-
ger day endometrium thickness, trans-
fer day endometrial thickness, stimula-
tion duration, total oocyte number, and
M2 oocyte number parameters were
similar in the groups (P > 0.05). Total
fertilization failure (TFF) was present in
8.3% of the patients in Group hp-hMG
and 7.5% in Group rFSH, which is not

statistically significant between groups
(P =0.849) (Tab. 2).

Considering the pregnancy parame-
ters of the groups, fertilized oocyte num-
bers and number of transferred embryos
were similar in the groups (P = 0.688 and
P =0.421, resp.). When evaluated in terms
of embryo grade, “Grade 1" rate was 32.3%
in Group hp-hMG, while it was 23% in
Group rFSH; Grade 2 rate was 32.3% in
Group hp-hMG, and it was 43.7% in Group
rFSH; and Grade 3 embryo rate was 29% in
Group hp-hMG and 27.8% in Group rFSH.
Although the percentage of Grade 1 em-
bryos was higher in the hp-hMG group, this
was not statistically significant. Regarding
the embryo grades between groups, it was
not statistically significant (P = 0.310).

Considering the clinical pregnancy pa-
rameter, pregnancy occurred in 22.2%
of Group 1, while this rate was 19.4% in
Group 2, and there was no significant dif-
ference between the groups (P = 0.652).
Considering the live birth parameter,
live birth occurred in 15.2% in Group
1 patients. In comparison, this rate was
12.9% in Group 2, and there was no sig-
nificant difference between the groups
(P =0.662). Abortion rates were also sim-
ilar between groups; in Group 1, 31.3%
of patients experienced abortion, and in
Group 2, this rate was 31.3% (P = 0.897)
(Tab. 3).
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Tab. 2. Ovarian stimulation parameters of the groups.
Tab. 2. Parametry ovarialni stimulace skupin.

Group hp-hMG, Group rFSH,
Parameter N=72 N=o93 P-value
total dose of gonadotropin (IU) 2,563 (2,250-3,000) 3,100 (2,900-3,400) <0.001
day of Heg trigger estradiol 868 (650-1,025) 975 (743-1,100) 0.077
(pg/mL)
progesterone (ng/mL) 0.9 (0.75-1.1) 1(0.8-1.1) 0.076
er)dometnal thickness on Hcg 10 (8-12) 9.5(9-11) 0383
trigger day (mm)
endometrial thickness
on embriyo transfer day (mm) Ut =) 0.601
duration of stimulation (day) 10 (9-11) 10 (9-12) 0.252
total oocyte number 4 (2-6) 4 (2-5) 0.792
M2 oocyte number 2(1-4) 2(1-3) 0.320
TFF 6 (8.3%) 7 (7.5%) 0.849

Variables are presented as median (25""-75%" percentiles). Chi-square Test was applied for
categorical variables, while the Mann-Whitney U-Test was used for continuous variables.
E2 - estradiol, Hcg — human chorionic gonadotropin, hp-hMG - high purified human me-
nopausal gonadotropin, M2 — mature oocyte, N — number, P - ng/mL, rFSH - recombinant
follicle stimulating hormone, TFF - total fertilization failure

Tab. 3. Pregnancy parameters of the groups.

Tab. 3. Téhotenské parametry skupin.

Parameter Grou:: :';-thG' Grol\:x z ;F:H' P-value
number of embryo development 2(1-2) 1(1-2) 0.688
number of transferred embryos 1(1-2) 1(1-2) 0.421
G1 30 (32.3%) 29 (23%) 0.310
embryo grade G2 30(32.3%) 55 (43.7%)
G3 27 (29%) 35 (27.8%)
clinical pregnancy 16 (22.2%) 18 (19.4%) 0.652
live birth 11 (68.7%) 12 (66.6%) 0.662
abortus 5(31.3%) 6 (33.3%) 0.897

Variables are presented as median (25""-75™ percentiles). Chi-square Test was applied for
categorical variables, while the Mann-Whitney U-Test was used for continuous variables.
hp-hMG - high purified human menopausal gonadotropin, N - number, rFSH - recombi-

nant follicle stimulating hormone

Discussion

To increase success in IVF cycles, it is
important to find the ideal treatment
regimen and drug or drug combina-
tion while also choosing the lowest-
cost route. In this research, we explored
which type of gonadotropin could im-
prove cycle features and pregnancy out-
comes for patients with POR. We deter-
mined that in the IVF cycles of patients
with poor ovarian reserve, there was no

statistical difference in the hp-hMG or
rFSH drug groups in terms of cycle char-
acteristics and pregnancy parameters.
But with a statistically significant lower
total gonadotropin dose, a similar num-
ber of total oocytes, M2 oocytes, and
fertilized oocytes were obtained in the
hp-hMG patient group as in the rFSH
group.

According to ESHRE 2019 guide-
lines, there is not enough evidence to

support any gonadotropin type [8].
Ideal treatment protocol and appro-
priate drug selection are important in
patients with POR, which was the group
with the least satisfactory IVF cycle re-
sults. Although oocyte donation is the
most successful method recommended
for this group of patients, oocyte do-
nation is not allowed by our state due
to religious problems in our country.
Since the main factor determining suc-
cess in IVF cycles of patients with POR
is the number of M2 and high-quality
oocytes, many studies have been con-
ducted in the literature regarding drug
types and doses to capture this. LH and
hCG activity is present in hp-hMG prep-
arations. The belief that LH supplemen-
tation increases the number and qual-
ity of M2 oocytes is based on the normal
physiology of an ovulatory cycle [9]. Al-
though publications compare rFSH and
hp-hMG in long agonist and antagonist
cycles in different IVF indications, a few
articles compare these two drug groups
in antagonist cycles with POR patients.
This clinical study will contribute to the
individualized treatment protocol for
POR patients.

In a study published in 2020 by
Zhisong Ji etal. [10], they compared
rFSH and hp-hMG in the antagonist cy-
cles of 60 patients with POR. There were
similar baseline and demographic char-
acteristics of both groups. When we look
at the ovarian response and embryo pa-
rameters of the two groups, there was
no statistical difference in duration of
stimulation, total gonadotropin doses or
estradiol concentration on hCG day be-
tween the groups. Average number of
total collected M2 oocytes were (2.90;
2.70; and 2.53 vs. 2.13; 2.30; and 1.80)
resp., with P > 0.005 for both groups. In
addition, they did not find any difference
in the groups’ pregnancy-related out-
comes (clinical pregnancy, implantation
rate per transferred embryo, live birth
rate). The clinical pregnancy rate for hp-
hMG and rFSH was 30.8% vs. 29.4%, resp.
In our study, clinical pregnancy and live
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birth rates per embryo transfer in the
hp-hMG group were 22.2% and 15.2%,
while in the rFSH group, they were 19.4%
and 12.9%, resp. There was no difference
between these pregnancy-related pa-
rameters in both groups (P = 0.65 for
clinical pregnancy, P = 0.66 for live birth
rate per embryo transfer). In our study,
the total gonadotropin dose was statis-
tically significantly lower in the hp-hMG
group than in the rFSH group (2,563 1U
vs. 3,100 IU; P < 0.001). Despite the low
total gonadotropin dose in the hp-
hMG group, the number of collected
oocytes, M2 oocytes, and fertilized oo-
cytes were similar between both groups
(4.2 and 2 vs. 4.2.1; P = 0.792; P = 0.320;
P = 0.688). Some other studies in the lit-
erature investigating the effectiveness
of LH reached similar results to ours. In
their 2015 study by Vuong etal. [11],
which included 240 patients comparing
rFSH and rFSH+rLH groups in the antag-
onist cycles of patients over 35 years of
age, they did not find a significant differ-
ence in the collected oocyte, live birth,
and clinical pregnancy rates when add-
ing rLH to rFSH, similar to our results. The
common feature of this study and ours
was that the average age groups were
similar.

In 2011, among the two groups,
Celik etal. [12] applied a long protocol
to 87 normal-responder patients and
started rFSH or hp-hMG. However, fer-
tilization rates were better in the rFSH
group and no significant difference was
detected between the groups regard-
ing biochemical, clinical, and ongoing
pregnancies.

Contrary to these studies, in some
meta-analyses of randomized controlled
trials with different IVF indications, sta-
tistically higher live birth rates were
found in hp-hMG groups compared to
rFSH [13,14].

Wu etal. [15] and Kan etal. [16] found
better results when adding hp-hMG. Kan
etal. added hp-hMG to rFSH on the day
of antagonist initiation; they found sim-
ilar peak estradiol and progesterone

levels on hCG trigger day, number of re-
trieved oocytes and top quality embryo
numbers, and fertilization rates between
the groups. However, they found that
the r-FSH + hp-hMG group had signifi-
cantly higher implantation rates (35.3%
vs. 24.3%; P = 0.017) and clinical preg-
nancy rates (51.2% vs. 35.8%; P = 0.015).
They attributed this result to the implan-
tation-enhancing effect of hCG in hp-
hMG. Wu etal. compared three groups
in which he did not add any hp-hMG to
rFSH with 371 patients in the antagonist
cycles of patients with poor ovarian re-
serve (group 1), added hp-hMG to rFSH
with 139 patients in the early follicular
period (group 2), and added hp-hMG to
rFSH with 172 patients in the late follic-
ular period (group 3); it was determined
that adding hp-hMG in the early and late
periods increased clinical pregnancy
rates. Musters etal. [17] searched the ef-
fect of rLH on embryo quality in women
with POR. However, this study found no
significant difference in embryo quality
after adding rLH to rFSH for ovarian stim-
ulation in women with POR. In addition,
a study demonstrates that adding rLH to
rFSH in GnRH antagonist protocols sig-
nificantly improves cumulative live birth
rates in IVF cycles. It found that rLH sup-
plementation not only enhanced em-
bryo quality but also increased live birth
rates in both fresh and frozen-thawed
embryo transfers without raising the risk
of severe complications such as ovarian
hyperstimulation syndrome or increas-
ing cycle cancellation rates [18]. In con-
trast to this, one study directly compared
embryonic quality in IVF cycles using
rFSH or hMG in a GnRH antagonist pro-
tocol. The results showed that while the
total embryo score was similar between
the two groups, the best embryo score
and the total number of embryos were
significantly higher in the rFSH group.
This suggests that rFSH may be more
effective in enhancing certain aspects
of embryo quality compared to hMG,
though both led to similar pregnancy
rates [19].

One of the limitations of our study was
that it was a retrospective study. When
we looked at the files of the patients, we
saw that the embryos were transferred
on the 3" day cleavage stage in all pa-
tients. Comparing the embryos that
could reach the 5" day of the blastocyst
stage for both drug groups could have
given us information about the prefera-
bility of hp-hMG and rFSH to each other.
The strength of our study is that it is
a single center, single doctor study.

Conclusion

In conclusion, our recommendation
as a result of this study is that neither
drug group is superior to each other in
terms of pregnancy parameters in pa-
tients with POR. We can use both drug
types for IVF cycles of poor ovarian re-
serve patients. However, more studies
are needed to say that hp-hMG provides
the same stimulation and pregnancy pa-
rameters as rFSH at a lower cost.
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