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Abstract: We retrospectively studied a real-life population of 1470 women undergoing IVF, with
poor/suboptimal /normal ovarian responsiveness to controlled ovarian stimulation (COS), compar-
ing the cumulative live birth rate (cCLBR) when COS was performed using rFSH alone or rFSH + rLH
in a 2:1 ratio. Overall, we observed significantly higher cLBR in the rFSH alone group than in the
rFSH + rLH group (29.3% vs. 22.2%, p < 0.01). However, considering only suboptimal/poor respon-
ders (1 = 309), we observed comparable cLBR (15.6% vs. 15.2%, p = 0.95) despite the fact that patients
receiving rFSH + rLH had significantly higher ages and worse ovarian reserve markers. The equiva-
lent effectiveness of rFSH + rLH and rFSH alone was further confirmed after stratification according
to the number of oocytes retrieved: despite basal characteristics were still in favor of rFSH alone
group, the cLBR always resulted comparable. Even subdividing patients according to the POSEIDON
classification, irrespective of differences in the baseline clinical characteristics in favor of FSH alone
group, the cLBR resulted comparable in all subgroups. Despite the retrospective, real-life analysis,
our data suggest that rLH supplementation in COS may represent a reasonable option for patients
with predictable or unexpected poor/suboptimal ovarian responsiveness to FSH, those matching the
Bologna criteria for poor responsiveness, and those included in the POSEIDON classification.

Keywords: recombinant FSH; recombinant LH; in vitro fertilization; IVF outcome; live birth rate;
poor responders; suboptimal responders; Bologna criteria; POSEIDON classification

1. Introduction

Female age represents the most critical factor affecting both natural fecundity and
pregnancy chance in in vitro fertilization (IVF) [1,2]. Indeed, the relevant and progres-
sive decrease of female fertility observed in advanced reproductive ages (>35 years) is
mainly due to age-related detrimental effects on oocyte quality, which ultimately affects
embryo competence [3]. A higher incidence of chromosomal abnormalities in oocytes [4],
together with a progressive decline in reproductive endocrine function [5], appear to be
the main driving forces of fertility impairment in these patients. Based on the “two-cell,
two-gonadotropin” theory, follicle stimulating hormone (FSH) and luteinizing hormone
(LH) play a critical role in stimulating the two cellular components of the ovary, granulosa
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cells and theca cells, respectively, leading to the secretion of ovarian steroids. FSH controls
the proliferation of granulosa cells and promotes estradiol (E2) synthesis, whereas LH
stimulates androgen production by theca cells [6,7]. Although FSH can induce follicular
growth even without LH, it has been observed that, in the absence of LH activity, the
follicles undergo suboptimal development [8], not only due to the shortage of androgen
substrate for aromatization, but also because of the lack of a direct LH effect [9]. Indeed,
LH plays pivotal roles in: (i) follicular recruitment, increasing FSH receptor expression
in granulosa cells [10]; (ii) follicular maturation, via local growth factors recruitment [11];
(iii) completion of meiosis and extrusion of the first polar body [12]; and (iv) decidualization
of endometrial stromal cells promoting embryo implantation [13]. Notably, both direct
LH effects and androgen production seem to be perturbed by ovarian ageing [6]. In most
women undergoing controlled ovarian stimulation (COS) for medically assisted repro-
duction (MAR), endogenous LH sustains follicle recruitment, but women above 35 years
exhibit decreased LH activity, reflecting into lower androgen and estrogen follicular fluid
levels [14]. In this scenario, human recombinant LH (rLH) supplementation during COS
has been suggested as more effective than high-dose rFSH alone in improving clinical
pregnancy rates in women of advanced reproductive age [15,16]. However, the role of
rFSH + rLH co-treatment in these women is still a matter of debate, as no consensus on
the indication of LH supplementation has been reached so far [17-20]. The aim of this
retrospective study was to compare the live birth rate (LBR) of expected poor, suboptimal,
and normal responders (classified according to the Bologna criteria and POSEIDON clas-
sification) when COS was performed using rFSH + rLH co-treatment or rFSH alone. The
respective effectiveness of the two regimens was further tested after patients’ stratification
for the number of retrieved oocytes.

2. Materials and Methods
2.1. Study Design

This large retrospective study included 1470 women aged 20-43 years (mean age
36.7 & 4.1), with normal body mass index (BMI 18-25), and ovarian reserve markers
suggesting a poor, suboptimal, or normal responsiveness to COS (AMH < 2.5 ng/mlL,
AFC <15) [21,22]. Among a total 1612 women undergoing IVF in the time period of
the study, 242 were excluded because not matching the inclusion criteria: patients with
AMH and AFC above the mentioned limits, BMI outside the indicated limits, chronic
anovulation, multifollicular or PCO ovary, as well as those with a history of severe ovar-
ian hyperstimulation syndrome. All selected patients underwent IVF with their own
oocytes at S. Anna Hospital IVF Unit (n = 1388) or at the associated Livet (GeneraLife
IVF) private clinic (n = 382) between January 2004 and December 2019. According to the
Bologna criteria [23] and to the POSEIDON classification [24], patients were classified as
follows: “poor responders” (AFC < 6, AMH < 1.2 ng/mlL, <3 retrieved oocytes), “subop-
timal responders” (AFC < 6, AMH < 1.2 ng/mL, <6 oocytes) and “normal responders”
(AFC 6-15, AMH 1.2-2.5 ng/mL, 6-15 oocytes). Expected normal responders showing a
suboptimal ovarian response in a previous IVF cycle at standard stimulation dose were
also considered as suboptimal responders. These patients were scheduled to undergo a
new COS with either FSH alone (1 = 669, rFSH alone Group) or rLH in addition to rFSH
(n =801, rFSH + rLH Group). Being a retrospective study based on the real life, daily clinical
practice, rFSH+rLH Group was mainly composed by expected or proven poor/suboptimal
responders, whereas rFSH alone Group included mainly expected normal responders.
The patients’ clinical characteristics and the outcome of COS were recorded, including
the total dose of exogenous FSH, peak estradiol (E2) levels, number of retrieved oocytes,
ovarian sensitivity index (OSI = retrieved oocytes x 1000/ total gonadotropin dose) [22]
and fertilization rate. The cumulative live birth rate per oocyte retrieval (cCLBR/OPU) was
chosen as the primary outcome; secondary outcomes were: number of retrieved oocytes,
number of mature oocytes, and proportion of top-scored embryos.
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2.2. COS Regimen

COS was performed as previously described [21]. As a common background, the
choice of the starting dose was based on age, body mass index (BMI), AFC, circulating
AMH, as well as on the response to previous COS cycles. Patients in rFSH+rLH group
(n = 801) received a subcutaneous starting dose of 150-300 IU/d rFSH + rLH 2:1 (Pergoveris®,
Merck, Darmstadt, Germany), whereas patients in rFSH alone group (n = 669) received
150-300 TU/d recombinant FSH (rFSH; Gonal F®; Merck, Darmstadt, Germany). Both
medications were administered within a “long” protocol with GnRH-agonists (408/669,
61% of patients in rFSH alone group; 529/801, 66% of patients in rFSH-rLH group) or a
“short” protocol with GnRH-antagonists (261/669, 39% of patients in rFSH alone group;
272/801, 34% of patients in rFSH-rLH group). The classical “long” protocol was performed
administering the GnRH-agonist buserelin (Suprefact®, Hoechst, Germany; 900 mcg/d
intranasally) from day 21 of the incoming cycle. After approximately two weeks, pituitary
suppression was verified (appearance of a menstrual bleeding, serum estradiol <50 pg/mL,
endometrial thickness <3 mm) before starting COS. In the “short” protocol, the GnRH-
antagonist cetrorelix (Cetrotide®, Merck-Serono, Germany) was started at a subcutaneous
dose of 0.25 mg/d according to a flexible schedule, when at least one follicle >14 mm
diameter was observed at ultrasound (US). Circulating E2 and transvaginal US examination
were performed every second day from stimulation day 6-7 to monitor follicular growth,
adapting the medication dose when required. When at least two follicles reached 18 mm
mean diameter, with appropriate E2 levels, a single s.c. injection of 10,000 IU hCG (Gonasi
HP, IBSA, Lugano, Switzerland) was administered in order to trigger ovulation.

2.3. Oocyte Retrieval, Fertilization, Embryo Culture and Transfer

Transvaginal ultrasound-guided oocyte pick-up (TV-US OPU) was performed 35-37 h
after ovulation trigger, under local anesthesia (paracervical block). Follicular fluids were
aspirated and immediately observed under a stereomicroscope. Cumulus-oocyte com-
plexes (COCs) were washed in buffered medium (Flushing medium, Cook Ltd., Ireland),
and within 4 h from OPU oocytes were inseminated using conventional IVF or ICSI ac-
cording to the quality of the semen sample. Normal fertilization was confirmed when
the presence of two pronuclei (2PN) and the extrusion of the second polar body were
observed 16-18 h after oocyte insemination or microinjection. Fertilized eggs were cultured
in pre-equilibrated Cleavage medium (Cook, Ireland) overlaid with mineral oil (Culture
Oil, Cook Ltd., Limerick, Ireland) up to day 3 of development; at this stage, a change of
medium was performed using a stage-specific medium (Blastocyst medium, Cook, Ireland)
until the blastocyst stage. As usual practice in our lab, embryo morphological assessment
was performed on day 2 using the Integrated Morphology Cleavage Score (IMCS) [25], and
again on day 5 according to the Istanbul Consensus Workshop [26]. Embryo transfer (ET),
in utero, was performed either with two top-quality embryos on day 3 or with a single
good quality blastocyst on day 5; the choice was driven by the number of fertilized oocytes
(<5 or >5, respectively), and of top-quality embryos on day 2 (<3 or >3, respectively). ET
was performed using the Sydney Guardia soft catheter (Cook, Australia), under transvagi-
nal US guidance. If several good scoring embryos were obtained, surplus embryos were
frozen at the blastocyst stage on day 5 or 6, and kept in liquid nitrogen for further use. The
luteal phase was supported administering 180 mg/d natural progesterone (Crinone 8%,
Merck, Darmstadt, Germany) for 15 days. Pregnancy was assessed by serum hCG measure-
ment after 15 days from ET, and then confirmed if at least one gestational sac was visualized
at TV-US after two further weeks. Only cases with US confirmation were counted in the
calculation of pregnancy rate, whereas biochemical pregnancies were not considered.

2.4. Statistical Analysis

The primary endpoint was the cumulative live birth rate per oocyte pick-up (cLBR/OPU);
a real-life population of normal/suboptimal/poor responders was studied, and out-
comes were analysed and compared according to the type of gonadotropin used in COS
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(rFSH + rLH vs. rFSH alone). The analysis was conducted first considering all patients,
then considering only patients with 6 or less retrieved oocytes (poor/suboptimal respon-
ders). In addition, a further sub-analysis was performed, in which the two different COS
regimens were compared after stratification for the number of retrieved oocytes or accord-
ing to the POSEIDON subgroup. Due to the normal distribution of data in the Shapiro-Wilk
test, continuous variables were expressed as mean =+ standard deviation (SD), whereas
categorical variables were expressed as absolute values and percentage. The comparison
among groups was performed using the GraphPad Prism V7 software, applying the Stu-
dent’s t parametric test, the non-parametric Mann-Whitney test, or the Chi-square test,
as appropriate. All statistical tests were two-sided, and a p value < 0.05 was considered
statistically significant.

3. Results

The baseline clinical characteristics and IVF outcome of the whole patients” group are
shown in Table 1. As expected, due to the retrospective nature of the study, women receiving
rFSH alone had significantly lower age and infertility duration, and significantly higher
day 3 AMH and AFC, confirming how in the current clinical practice rLH supplementation
is often reserved to patients with poorer prognosis indexes. According to these unfavorable
prognostic features, the number of retrieved oocytes was significantly lower in rFSH + rLH
group (p < 0.0001), as was the number of available metaphase II oocytes (p < 0.0001). Overall,
fertilization and cleavage rates, the mean embryo morphological score and the proportion
of top-scored embryos were comparable in the two groups, suggesting a comparable oocyte
quality, but the higher availability of MII oocytes led to a significantly lower number of
frozen embryos in the rFSH + rLH group (0.3 &+ 0.9 vs. 0.6 £ 1.1, p < 0.0001). Finally,
considering all patients we observed significantly lower cLBR/OPU in the rFSH + rLH
group than in the rFSH alone group (22.2% vs. 29.3%, p < 0.01) (Table 1).

Table 1. Clinical baseline characteristics and IVF outcome of the overall patients’ population
(n = 1470) receiving COS with rFSH + rLH (1 = 801) or rFSH alone (1 = 669). Data are expressed as
mean =+ standard deviation or as absolute values and percentage, as appropriate.

rFSH + rLH rFSH Alone

(n = 801) (n = 669) P
Age (years) 37.8+37 353+ 4.2 <0.0001
BMI (kg/m?) 22.6 £3.6 225436 0.22
Basal (day 3) FSH (IU/1) 92+37 75+2.6 <0.0001
AMH (ng/mL) 09+06 1.6 +0.7 <0.0001
Antral follicle count (AFC) 79433 11.0 £33 <0.0001
Previous IVF treatments (1) 0.7+1.0 03+07 <0.0001
Total FSH dose (IU) 1727 + 602 2321 + 769 <0.0001
Days of stimulation (1) 11.6 +24 114+19 <0.05
Peak E2 (pg/mL) 1469 + 951 1541 + 1126 0.20
Endometrial thickness (mm) 99+22 10.1 £2.2 0.24
OSI (n) 34+35 39+4.0 <0.0001
Retrieved oocytes (1) 5.0+ 3.8 79+4.1 <0.0001
Mature (MII) oocytes (1) 4.0+29 6.3 +£3.3 <0.0001
Maturation rate (%) 81.2 £23.2 80.9 £19.2 0.73
Fertilization rate (%) 69.4 +31.2 68.6 + 26.6 0.06
Cleavage rate (%) 96.5 + 14.3 98.1 +£16.2 0.13
Mean embryo score (1) 76 £1.7 75+ 17 0.27
Top quality embryos (%) 52.8 +38.7 542+ 34.6 0.62
Frozen embryos (1) 03+09 06+1.1 <0.0001
Cycles with no retrieved oocytes % (1) 3.4(27) 1.6 (11) <0.05
Cycles with no mature oocytes % (1) 5.9 (47) 2.2 (15) <0.0001
Cycles with no fertilized oocytes % (1) 14.4 (115) 6.6 (44) <0.0001
Live birth rate/cycle % (1) 19.7 (158) 23.6 (158) 0.07
Cumulative live birth rate/OPU % (n) 22.2 (178) 29.3 (196) <0.01
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Excluding the analysis the normal responders (Table 2), and thus including only the
309 suboptimal/poor responders (263 of which received rFSH + rLH and 46 received rFSH
alone), we observed that, in spite of a significantly higher mean age (38.3 & 3.5 years vs
36.4 + 4.3, p < 0.01), patients who received rFSH + rLH obtained a comparable number of
oocytes and mature oocytes, produced an equivalent proportion of top-scored embryos, had
a similar number of frozen embryos, and finally obtained a practically identical cLBR/OPU
(15.6% vs. 15.2%, p = 0.95) than women receiving rFSH alone.

Table 2. Clinical baseline characteristics and IVF outcome of the patients with 6 or less retrieved
oocytes (poor or suboptimal responders, n = 309) receiving COS with rFSH + rLH (n = 263) or rFSH
alone (n = 46). Data are expressed as mean =+ standard deviation or as absolute values and percentage,

as appropriate.

rFSH + rLH rFSH Alone
(n = 263) (n = 46) P
Age (years) 38.3+35 36.4+43 <0.01
BMI (kg/m?) 224 4+3.0 233 +4.2 0.43
Basal (day 3) FSH (IU/1) 9.9 +4.0 9.0+43 0.09
AMH (ng/mL) 0.5+0.3 0.6 £0.3 0.25
Antral follicle count (AFC) 46+ 14 45+ 1.6 0.77
Previous IVF treatments (1) 09+1.1 0.7+1.1 0.12
Total FSH dose (IU) 1727 £+ 558 2681 + 716 <0.0001
Days of stimulation 11.4+£27 11.3+23 0.78
Peak E2 (pg/mL) 1230 + 735 1078 + 791 0.08
Endometrial thickness (mm) 9.7+23 101 £1.9 0.18
OSI (n) 23+1.8 1.7+13 <0.05
Retrieved oocytes (1) 3.8+28 45+3.0 0.06
Cycles with <3 oocytes % (1) 55.9 (147) 41.3 (19) 0.07
Cycles with 4-6 oocytes % (1) 28.9 (76) 37.0 (17) 0.27
Mature (MII) oocytes (1) 31424 35+25 0.34
Maturation rate (%) 82.4 +25.8 76.2 =253 0.15
Fertilization rate (%) 68.1 + 34.5 68.7 +29.7 0.79
Cleavage rate (%) 97.8 +10.7 95.5+17.3 0.23
Mean embryo score (1) 7617 69+£23 0.07
Top quality embryos (%) 53.9 £39.3 49.0 +42.1 0.51
Frozen embryos (1) 07+14 0.1+03 0.07
Live birth rate/cycle % (n) 14.1 (37) 15.2 (7) 0.84
Cumulative live birth rate/OPU % (n) 15.6 (41) 15.2 (7) 0.95

The equivalence between rFSH + rLH and rFSH alone was further confirmed after
stratifying patients for the number of retrieved oocytes: although, in the resulting smaller
subgroups, the differences in basal characteristics (in favor of rFSH alone group) were
maintained, the cLBR/OPU resulted comparable (Table 3 and Figure 1).

Table 3. Cumulative live birth rates of all patients with available oocytes (1 = 1432) receiving COS
with rFSH + rLH (n = 774) or rFSH alone (n = 658), stratified for to the number of retrieved oocytes at
OPU. Data are expressed as absolute values and percentage.

Cumulative LBR/OPU % (n)

Retrieved rFSH + rLH rFSH Alone
Oocytes (n=774) (n = 658) 4
1 10.4 (7/67) 0(0/11) 0.26
2 11.6 (13/112) 17.6 (6/34) 0.36
3 20.6 (20/97) 19.4 (7/36) 0.88
4 22.1(29/131) 19.1 (9/47) 0.67
5 30.3(23/76) 32.3(20/62) 0.80
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Table 3. Cont.

Cumulative LBR/OPU % (n)

Retrieved rFSH + rLH rFSH Alone
Oocytes (n=774) (n = 658) p
6 20.3 (13/64) 27.5(19/69) 0.33
7 24.6 (16/65) 32.8 (21/64) 0.30
8 36.6 (15/41) 38.6 (27/70) 0.84
9 27.0 (10/37) 32.8 (20/61) 0.55
10 31.8(7/22) 25.6 (11/43) 0.59
11 40.0 (8/20) 30.6 (11/36) 0.47
>12 40.5(17/42) 36.0 (45/125) 0.60
50-
)
< 40-
el B sFsH+LH
o
2 30+ - rFSH alone
3
]
2z 204
K
:
= 10'
O
0-
1 6 7 8 9 10 11

Retrieved oocytes

Figure 1. Cumulative live birth rates of all patients with available oocytes (n = 1432) receiving COS
with rFSH + rLH (n = 774) or rFSH alone (1 = 658), stratified for to the number of retrieved oocytes

at OPU.

Even subgrouping patients according to the POSEIDON classification, irrespective of
differences in the baseline clinical characteristics and in the number of retrieved oocytes,
favorable to rFSH alone group in all POSEIDON groups, the cLBR/OPU always resulted

comparable (Table 4).

Table 4. Clinical baseline characteristics and IVF outcome of the overall patients’ population (1 = 1470)
receiving COS with either rFSH + rLH (n = 801) or rFSH alone (1 = 669), stratified according to the
POSEIDON classification. Data are expressed as mean =+ standard deviation or as absolute values

and percentage, as appropriate.

rFSH + rLH rFSH Alone
(n =801) (n = 669) r
POSEIDON Group 1 (n =55, 7%) (n =212, 32%)

31.0+25 31.3+23 0.46
AMH (ng/mL) 1.9+05 1.9+04 0.38
Antral follicle count (AFC) 109 £3.2 121 £29 <0.05
Retrieved oocytes (1) 78 +45 9.2+43 <0.05
Mature (MII) oocytes (1) 6.1 +42 72+33 0.08
Fertilization rate (%) 71.2 + 28.8 70.8 £23.5 0.92
Top quality embryos (%) 47.6 £ 34.0 56.2 £ 33.8 0.11
Cumulative live birth rate/OPU % (n) 36.4 (20/55) 38.2 (81/212) 0.80
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Table 4. Cont.

rFSH + rLH rFSH Alone
(n =801) (n = 669) r
POSEIDON Group 2 (n =160, 20%) (n =269, 40%)
Age (years) 38.5+23 38.0+24 <0.05
AMH (ng/mL) 1.8+£04 1.9+04 <0.01
Antral follicle count (AFC) 99 +32 11.1£29 <0.001
Retrieved oocytes (1) 70+37 82+38 <0.01
Mature (MII) oocytes (1) 55+ 3.0 6.5+ 32 <0.01
Fertilization rate (%) 68.8 + 25.7 69.4 £ 26.6 0.84
Top quality embryos (%) 52.1 £ 36.5 524 £33.1 0.94
Cumulative live birth rate/OPU % (n) 24.4 (39/160) 26.0 (70/269) 0.70
POSEIDON Group 3 (n =81, 10%) (n =61, 9%)
Age (years) 31.8+1.9 31.2+32 0.22
AMH (ng/mL) 0.6+03 0.8+0.2 <0.0001
Antral follicle count (AFC) 71+32 10.2 £ 3.6 <0.001
Retrieved oocytes (1) 49 +3.0 6.8 +34 <0.01
Mature (MII) oocytes (1) 37+22 55+ 3.0 <0.001
Fertilization rate (%) 63.7 = 30.7 62.6 &+ 30.7 0.83
Top quality embryos (%) 60.7 £ 39.6 57.0 £ 394 0.60
Cumulative live birth rate/OPU % (n) 29.6 (24/81) 26.2 (16/61) 0.66
POSEIDON Group 4 (n =505, 63%) (n=127,19%)
Age (years) 392+24 384 +27 <0.01
AMH (ng/mL) 0.6 £0.3 0.7+£0.3 <0.0001
Antral follicle count (AFC) 70+29 8.6 +3.8 <0.001
Retrieved oocytes (1) 41+29 53+32 <0.0001
Mature (MII) oocytes (1) 34+25 45+ 3.0 <0.001
Fertilization rate (%) 70.2 £ 33.1 65.5 = 29.0 0.13
Top quality embryos (%) 52.4 +39.8 53.0 £ 36.6 0.88
Cumulative live birth rate/OPU % (n) 18.8 (95/505) 22.8 (29/127) 0.31

4. Discussion

The poor ovarian response to COS represents a major challenge in MAR, especially in
women of advanced reproductive age, who also have progressively worse oocyte compe-
tence. The term “suboptimal response” is currently used to describe a condition of reduced
sensitivity of the ovary to exogenous rFSH [27]; in concrete, it appears as a poor ovarian
response to COS by women who require a higher-than-expected dose of rFSH and/or need
to receive rLH supplementation [18]. In this study, we retrospectively analyzed the IVF
outcome of a real-life, large population of poor/suboptimal /normal responders receiving
COS with rFSH plus rLH or rFSH alone. Considering the whole group of enrolled patients,
we observed a significantly reduced oocyte yield, number of mature eggs, and cLBR/OPU
in women receiving rFSH plus rLH co-treatment, according to the presence of worse prog-
nosis predictors in these patients (higher age, lower AMH and AFC) and to the widespread
habit, in clinical daily practice, of supplementing rFSH with rLH more frequently in case of
older women with poor prognosis markers. However, when only the suboptimal and poor
responders (according to Bologna criteria and POSEIDON classification) were considered,
we found that patients who received rLH supplementation, despite being significantly
older, obtained a comparable oocyte yield, produced a similar proportion of mature eggs
and top-scored embryos, had a similar number of frozen embryos, and finally obtained the
same cLBR/OPU than their counterparts who received rFSH only. This finding agrees with
a recently published systematic review and meta-analysis, showing that in women with
advanced maternal age rFSH plus rLH co-treatment obtained similar clinical outcome [17].
These data suggest that LH supplementation may be an interesting option, particularly
in the case of older patients with a poor or suboptimal response to FSH. The mechanism
by which rLH might exert a beneficial effect in suboptimal and poor responders of more
advanced reproductive age is not fully understood. Exogenous LH could increase thecal
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androgen production, which is known to decrease in advanced age [6], restoring the ideal
follicular milieu within the developing follicles [28,29]. In addition, LH could counteract the
age-related increase in the apoptosis rate of cumulus cells [30], promoting cell proliferation
and oocyte cytoplasmic maturation [31]. Additionally, LH could act via up-regulation of
some mediators involved in the pro-angiogenetic activity of follicular cells [32]. Taken
together, these observations suggest that LH activity could act improving oocyte quality
and competence, rather than oocyte yield. Furthermore, some studies suggest that en-
dometrial maturation may be disturbed in case of LH deficiency [33], and exogenous LH
could modulate signaling molecules involved in embryo-endometrium crosstalk [34,35]:
this effect could explain the higher implantation rate observed in women of an advanced
age supplemented with exogenous LH [20]. Finally, the premature progesterone (P) rise,
responsible for the asynchrony of embryo and endometrial development leading to implan-
tation impairment [36-38] is related to a high exogenous rFSH dose, and is counteracted by
LH addition [39]. As the cLBR/OPU is known to increase with the number of retrieved
oocytes [40], and having more available oocytes means increasing the chance of getting
an euploid blastocyst [24], we performed a further sub-analysis in which the two COS
regimens were compared considering patients stratified in small subgroups according
to the number of available oocytes. Again, the cLBR/OPU resulted comparable in all
subgroup pairs with identical number of oocytes, despite the higher age in the rFSH + rLH
group, further suggesting that rLH supplementation in patients of advanced reproductive
age could be linked to an improved oocyte quality, rather than to an improved oocyte
yield. The rather recent POSEIDON classification, based on a combination of age and
ovarian reserve markers, divides patients with poor ovarian responsiveness to FSH into
two main categories, namely the “unexpected poor / suboptimal responders” (Groups
1 and 2) and the “expected poor / suboptimal responders” (Groups 3 and 4) [24,41,42].
Based on a recent systematic review and a further meta-analysis of the data, the addition of
rLH could be beneficial for women in POSEIDON Groups 1 and 2, with well preserved
ovarian reserve markers and unexpected poor/suboptimal response to rFSH [17]. In our
study, almost 30% of patients treated with rLH supplementation belonged to POSEIDON
Groups 1 and 2: irrespective of more unfavorable baseline clinical characteristics (older age,
lower AMH and AFC) and of a lower oocyte yield, they obtained a cLBR/OPU comparable
to women of the same POSEIDON groups receiving rFSH alone. In the present study,
about 70% of the women receiving rLH addition belonged to POSEIDON Groups 3 and
4: again, no significant differences were observed in terms of cLBR rate vs. patients of
the same groups treated with rFSH alone, despite significantly older age and worse prog-
nosis predictors. Indeed, previous studies suggested rLH supplementation as beneficial
specifically in women aged 36-39 years [15,43], and the largest RCT on poor prognosis
patients aligned with POSEIDON Group 4 features showed no significant difference in LBR
between those stimulated with rFSH plus rLH or rFSH alone [44]; furthermore, the post
hoc analysis showed that the poorest ovarian responders had a significantly higher LBR
when rLH was added.

5. Conclusions

With the limitations of a retrospective analysis, our data suggest that r(LH supplemen-
tation in COS may represent a reasonable option for patients with predictable or unexpected
poor/suboptimal ovarian responsiveness to FSH, those matching the Bologna criteria and
those included in the POSEIDON classification. A large, prospective randomized study
comparing rFSH alone vs. rFSH plus rLH in this definite category of IVF patients, as well
as further basic research studies on the effect of LH on the oocyte and the endometrium,
would be welcomed to definitively clarify the proper indication for LH supplementation
in COS.



J. Clin. Med. 2022, 11, 1575 9of11

Author Contributions: Conceptualization, A.R. (Alberto Revelli); methodology, S.C., N.M., A.R.
(Alessandro Ruffa), EE.; formal analysis, S.C; data curation, S.C.; writing—original draft preparation,
S.C.; writing—review and editing, A.R.C., A.R. (Alberto Revelli), EB., G.G.; supervision, C.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was carried out in accordance with the Declaration
of Helsinki and was authorized by the local Ethical Committee (Ref. number 0040486).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: This work was supported by MIUR during the doctorate for S.C.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Baird, D.T.; Collins, J.; Egozcue, J.; Evers, L.H.; Gianaroli, L.; Leridon, H.; Sunde, A.; Templeton, A.; Van Steirteghem, A.;
Cohen, ].; et al. Fertility and ageing. Hum. Reprod. Update 2005, 11, 261-276. [PubMed]

2. Alviggi, C.; Humaidan, P.; Howles, C.M.; Tredway, D.; Hillier, S.G. Biological versus chronological ovarian age: Implications for
assisted reproductive technology. Reprod. Biol. Endocrinol. 2009, 7, 101. [CrossRef] [PubMed]

3. Navot, D.; Bergh, P.A.; Williams, M.A.; Garrisi, G.J.; Guzman, L; Sandler, B.; Grunfeld, L. Poor oocyte quality rather than
implantation failure as a cause of age-related decline in female fertility. Lancet 1991, 337, 1375-1377. [CrossRef]

4. Cimadomo, D.; Fabozzi, G.; Vaiarelli, A.; Ubaldi, N.; Ubaldi, EM.; Rienzi, L. Impact of Maternal Age on Oocyte and Embryo
Competence. Front. Endocrinol. 2018, 9, 327. [CrossRef] [PubMed]

5. Nelson, S.; Telfer, E.; Anderson, R.A. The ageing ovary and uterus: New biological insights. Hum. Reprod. Updat. 2013, 19, 67-83.
[CrossRef] [PubMed]

6. Davison, S.L.; Bell, R.; Donath, S.; Montalto, ].G.; Davis, S.R. Androgen Levels in Adult Females: Changes with Age, Menopause,
and Oophorectomy. J. Clin. Endocrinol. Metab. 2005, 90, 3847-3853. [CrossRef] [PubMed]

7. Marchiani, S.; Tamburrino, L.; Benini, F; Pallecchi, M.; Bignozzi, C.; Conforti, A.; Alviggi, C.; Vignozzi, L.; Danza, G,
Pellegrini, S.; et al. LH supplementation of ovarian stimulation protocols influences follicular fluid steroid composition contribut-
ing to the improvement of ovarian response in poor responder women. Sci. Rep. 2020, 10, 12907. [CrossRef] [PubMed]

8.  Loumaye, E.; Engrand, P.; Shoham, Z.; Hillier, S.G.; Baird, D.T. Clinical evidence for an LH "ceiling’ effect induced by administra-
tion of recombinant human LH during the late follicular phase of stimulated cycles in World Health Organization type I and type
IT anovulation. Hum. Reprod. 2003, 18, 314-322. [CrossRef] [PubMed]

9.  Filicori, M.; Cognigni, G.E.; Taraborrelli, S.; Spettoli, D.; Ciampaglia, W.; De Fatis, C.T.; Pocognoli, P.; Cantelli, B.; Boschi, S.
Luteinzing hormone activity in menotropins optimizes folliculogenesis and treatment in controlled ovarian stimulation. J. Clin.
Endocrinol. Metab. 2001, 86, 337-343. [CrossRef] [PubMed]

10. Messinis, I.LE.; Messini, C.I.; Dafopoulos, K. The role of gonadotropins in the follicular phase. Ann. N. Y. Acad. Sci. 2010, 1205, 5-11.
[CrossRef]

11. Palermo, R. Differential actions of FSH and LH during folliculogenesis. Reprod. Biomed. Online 2007, 15, 326-337. [CrossRef]

12.  Filicori, M. The role of luteinizing hormone in folliculogenesis and ovulation induction. Fertil. Steril. 1999, 71, 405-414. [CrossRef]

13. Freis, A.; Germeyer, A.; Jauckus, J.; Capp, E.; Strowitzki, T.; Zorn, M.; Weber, A.M. Endometrial expression of receptivity markers
subject to ovulation induction agents. Arch. Gynecol. Obstet. 2019, 300, 1741-1750. [CrossRef] [PubMed]

14. MacNaughton, J.; Banah, M.; McCloud, P.; Hee, ].; Burger, H. Age related changes in follicle stimulating hormone, luteinizing
hormone, oestradiol and immunoreactive inhibin in women of reproductive age. Clin. Endocrinol. 1992, 36, 339-345. [CrossRef]
[PubMed]

15. Alviggi, C.; Conforti, A.; Esteves, S.C.; Andersen, C.Y.; Bosch, E.; Biihler, K.; Ferraretti, A.P.; De Placido, G.; Mollo, A,;
Fischer, R.; et al. Recombinant luteinizing hormone supplementation in assisted reproductive technology: A systematic review.
Fertil. Steril. 2018, 109, 644-664. [CrossRef] [PubMed]

16. Alviggi, C.; Mollo, A.; Clarizia, R.; De Placido, G. Exploiting LH in ovarian stimulation. Reprod. Biomed. Online 2006, 12, 221-233.
[CrossRef]

17.  Conforti, A.; Esteves, S.C.; Humaidan, P.; Longobardi, S.; D'Hooghe, T.; Orvieto, R.; Vaiarelli, A.; Cimadomo, D.; Rienzi, L.;
Ubaldi, EM.; et al. Recombinant human luteinizing hormone co-treatment in ovarian stimulation for assisted reproductive
technology in women of advanced reproductive age: A systematic review and meta-analysis of randomized controlled trials.
Reprod. Biol. Endocrinol. 2021, 19, 91. [CrossRef] [PubMed]

18. Mochtar, M.H.; Danhof, N.A.; Ayeleke, R.O.; Van der Veen, E; van Wely, M. Recombinant luteinizing hormone (rLH) and

recombinant follicle stimulating hormone (rFSH) for ovarian stimulation in IVF/ICSI cycles. Cochrane Database Syst. Rev. 2017,
5, Cd005070. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/15831503
http://doi.org/10.1186/1477-7827-7-101
http://www.ncbi.nlm.nih.gov/pubmed/19772632
http://doi.org/10.1016/0140-6736(91)93060-M
http://doi.org/10.3389/fendo.2018.00327
http://www.ncbi.nlm.nih.gov/pubmed/30008696
http://doi.org/10.1093/humupd/dms043
http://www.ncbi.nlm.nih.gov/pubmed/23103636
http://doi.org/10.1210/jc.2005-0212
http://www.ncbi.nlm.nih.gov/pubmed/15827095
http://doi.org/10.1038/s41598-020-69325-z
http://www.ncbi.nlm.nih.gov/pubmed/32737326
http://doi.org/10.1093/humrep/deg066
http://www.ncbi.nlm.nih.gov/pubmed/12571167
http://doi.org/10.1210/jcem.86.1.7108
http://www.ncbi.nlm.nih.gov/pubmed/11232021
http://doi.org/10.1111/j.1749-6632.2010.05660.x
http://doi.org/10.1016/S1472-6483(10)60347-1
http://doi.org/10.1016/S0015-0282(98)00482-8
http://doi.org/10.1007/s00404-019-05346-y
http://www.ncbi.nlm.nih.gov/pubmed/31667611
http://doi.org/10.1111/j.1365-2265.1992.tb01457.x
http://www.ncbi.nlm.nih.gov/pubmed/1424166
http://doi.org/10.1016/j.fertnstert.2018.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29653717
http://doi.org/10.1016/S1472-6483(10)60865-6
http://doi.org/10.1186/s12958-021-00759-4
http://www.ncbi.nlm.nih.gov/pubmed/34154604
http://doi.org/10.1002/14651858.CD005070.pub3

J. Clin. Med. 2022, 11, 1575 10 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Xiong, Y.; Bu, Z.; Dai, W.; Zhang, M.; Bao, X.; Sun, Y. Recombinant luteinizing hormone supplementation in women undergoing
in vitro fertilization/ intracytoplasmic sperm injection with gonadotropin releasing hormone antagonist protocol: A systematic
review and meta-analysis. Reprod. Biol. Endocrinol. 2014, 12, 109. [CrossRef] [PubMed]

Hill, M.],; Levens, E.D.; Levy, G.; Ryan, M.E.; Csokmay, ].M.; DeCherney, A.H.; Whitcomb, B.W. The use of recombinant luteinizing
hormone in patients undergoing assisted reproductive techniques with advanced reproductive age: A systematic review and
meta-analysis. Fertil. Steril. 2012, 97, 1108-1114.el. [CrossRef]

Revelli, A ; Pettinau, G.; Basso, G.; Carosso, A.; Ferrero, A.; Dallan, C.; Canosa, S.; Gennarelli, G.; Guidetti, D.; Filippini, C.; et al.
Controlled Ovarian Stimulation with recombinant-FSH plus recombinant-LH vs. human Menopausal Gonadotropin based on the
number of retrieved oocytes: Results from a routine clinical practice in a real-life population. Reprod. Biol. Endocrinol. 2015, 13, 77.
[CrossRef]

Revelli, A.; Gennarelli, G.; Sestero, M.; Canosa, S.; Carosso, A.; Salvagno, F,; Pittatore, G.; Filippini, C.; Benedetto, C. A prospective
randomized trial comparing corifollitropin-alpha late-start (day 4) versus standard administration (day 2) in expected poor,
normal, and high responders undergoing controlled ovarian stimulation for IVF. |. Assist. Reprod. Genet. 2020, 37, 1163-1170.
[CrossRef] [PubMed]

Ferraretti, A.P.; La Marca, A.; Fauser, B.C.; Tarlatzis, B.; Nargund, G.; Gianaroli, L.; on behalf of the ESHRE working group on
Poor Ovarian Response Definition. ESHRE consensus on the definition of ‘poor response’ to ovarian stimulation for in vitro
fertilization: The Bologna criteria. Hum. Reprod. 2011, 26, 1616-1624. [CrossRef] [PubMed]

Esteves, S.C.; Alviggi, C.; Humaidan, P,; Fischer, R.; Andersen, C.Y.; Conforti, A.; Biihler, K.; Sunkara, S.K.; Polyzos, N.P;
Galliano, D.; et al. The POSEIDON Criteria and Its Measure of Success Through the Eyes of Clinicians and Embryologists. Front.
Endocrinol. 2019, 10, 814. [CrossRef] [PubMed]

Holte, J.; Berglund, L.; Milton, K.; Garello, C.; Gennarelli, G.; Revelli, A.; Bergh, T. Construction of an evidence-based integrated
morphology cleavage embryo score for implantation potential of embryos scored and transferred on day 2 after oocyte retrieval.
Hum. Reprod. 2007, 22, 548-557. [CrossRef] [PubMed]

Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of Embryology. The Istanbul consensus workshop
on embryo assessment: Proceedings of an expert meeting. Hum Reprod. 2011, 26, 1270-1283. [CrossRef] [PubMed]

Conforti, A.; Esteves, S.; Cimadomo, D.; Vaiarelli, A.; Di Rella, F.; Ubaldi, EM.; Zullo, F,; De Placido, G.; Alviggi, C. Management
of Women With an Unexpected Low Ovarian Response to Gonadotropin. Front. Endocrinol. 2019, 10, 387. [CrossRef] [PubMed]
Bosch, E.; Labarta, E.; Crespo, J.; Simon, C.; Remohi, J.; Pellicer, A. Impact of luteinizing hormone administration on gonadotropin-
releasing hormone antagonist cycles: An age-adjusted analysis. Fertil. Steril. 2011, 95, 1031-1036. [CrossRef] [PubMed]

von Wolff, M.; Stute, P.; Eisenhut, M.; Marti, U.; Bitterlich, N.; Bersinger, N.A. Serum and follicular fluid testosterone concentrations
do not correlate, questioning the impact of androgen supplementation on the follicular endocrine milieu. Reprod. BioMed. Online
2017, 35, 616-623. [CrossRef] [PubMed]

Ruvolo, G.; Bosco, L.; Pane, A.; Morici, G.; Cittadini, E.; Rochheri, M.C. Lower apoptosis rate in human cumulus cells after
administration of recombinant luteinizing hormone to women undergoing ovarian stimulation for in vitro fertilization procedures.
Fertil. Steril. 2007, 87, 542-546. [CrossRef]

Huang, Y,; Zhao, Y;; Yu, Y,; Li, R; Lin, S.; Zhang, C.; Liu, P;; Qiao, J. Altered amphiregulin expression induced by diverse
luteinizing hormone receptor reactivity in granulosa cells affects IVF outcomes. Reprod. Biomed. Online 2015, 30, 593-601.
[CrossRef] [PubMed]

Rimon, E.; Sasson, R.; Dantes, A.; Land-Bracha, A.; Amsterdam, A. Gonadotropin-induced gene regulation in human granulosa
cells obtained from IVF patients: Modulation of genes coding for growth factors and their receptors and genes involved in cancer
and other diseases. Int. . Oncol. 2004, 24, 1325-1338. [CrossRef] [PubMed]

Tesarik, J.; Hazout, A.; Mendoza, C. Luteinizing hormone affects uterine receptivity independently of ovarian function. Reprod.
Biomed. Online 2003, 7, 59—-64. [CrossRef]

Herrler, A.; von Rango, U.; Beier, HM. Embryo-maternal signalling: How the embryo starts talking to its mother to accomplish
implantation. Reprod. Biomed. Online 2003, 6, 244-256. [CrossRef]

Gridelet, V.; Tsampalas, M.; Berndt, S.; Hagelstein, M.T.; Charlet-Renard, C.; Conrath, V.; Ectors, F; Hugé, F; Munaut, C,;
Foidart, ].M.; et al. Evidence for cross-talk between the LH receptor and LH during implantation in mice. Reprod. Fertil. Dev. 2013,
25,511-522. [CrossRef] [PubMed]

Fanchin, R.; de Ziegler, D.; Taieb, J.; Hazout, A.; Frydman, R. Premature elevation of plasma progesterone alters pregnancy rates
of in vitro fertilization and embryo transfer. Fertil. Steril. 1993, 59, 1090-1094. [CrossRef]

Fanchin, R.; Righini, C.; Olivennes, F,; Taieb, ].; De Ziegler, D.; Frydman, R. Computerized assessment of endometrial echogenicity:
Clues to the endometrial effects of premature progesterone elevation. Fertil. Steril. 1999, 71, 174-181. [CrossRef]

Bosch, E.; Valencia, I.; Escudero, E.; Crespo, J.; Simén, C.; Remoh, J.; Pellicer, A. Premature luteinization during gonadotropin-
releasing hormone antagonist cycles and its relationship with in vitro fertilization outcome. Fertil. Steril. 2003, 80, 1444-1449.
[CrossRef] [PubMed]

Bosch, E.; Labarta, E.; Crespo, J.; Simon, C.; Remohi, J.; Jenkins, J.; Pellicer, A. Circulating progesterone levels and ongoing
pregnancy rates in controlled ovarian stimulation cycles for in vitro fertilization: Analysis of over 4000 cycles. Hum. Reprod. 2010,
25,2092-2100. [CrossRef] [PubMed]


http://doi.org/10.1186/1477-7827-12-109
http://www.ncbi.nlm.nih.gov/pubmed/25420965
http://doi.org/10.1016/j.fertnstert.2012.01.130
http://doi.org/10.1186/s12958-015-0080-6
http://doi.org/10.1007/s10815-020-01742-5
http://www.ncbi.nlm.nih.gov/pubmed/32185595
http://doi.org/10.1093/humrep/der092
http://www.ncbi.nlm.nih.gov/pubmed/21505041
http://doi.org/10.3389/fendo.2019.00814
http://www.ncbi.nlm.nih.gov/pubmed/31824427
http://doi.org/10.1093/humrep/del403
http://www.ncbi.nlm.nih.gov/pubmed/17095516
http://doi.org/10.1093/humrep/der037
http://www.ncbi.nlm.nih.gov/pubmed/21502182
http://doi.org/10.3389/fendo.2019.00387
http://www.ncbi.nlm.nih.gov/pubmed/31316461
http://doi.org/10.1016/j.fertnstert.2010.10.021
http://www.ncbi.nlm.nih.gov/pubmed/21067717
http://doi.org/10.1016/j.rbmo.2017.07.012
http://www.ncbi.nlm.nih.gov/pubmed/28821386
http://doi.org/10.1016/j.fertnstert.2006.06.059
http://doi.org/10.1016/j.rbmo.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/25911599
http://doi.org/10.3892/ijo.24.5.1325
http://www.ncbi.nlm.nih.gov/pubmed/15067357
http://doi.org/10.1016/S1472-6483(10)61729-4
http://doi.org/10.1016/S1472-6483(10)61717-8
http://doi.org/10.1071/RD11241
http://www.ncbi.nlm.nih.gov/pubmed/23464498
http://doi.org/10.1016/S0015-0282(16)55933-0
http://doi.org/10.1016/S0015-0282(98)00410-5
http://doi.org/10.1016/j.fertnstert.2003.07.002
http://www.ncbi.nlm.nih.gov/pubmed/14667881
http://doi.org/10.1093/humrep/deq125
http://www.ncbi.nlm.nih.gov/pubmed/20539042

J. Clin. Med. 2022, 11, 1575 11 of 11

40.

41.

42.

43.

44.

Sunkara, S.K.; Rittenberg, V.; Raine-Fenning, N.; Bhattacharya, S.; Zamora, J.; Coomarasamy, A. Association between the number
of eggs and live birth in IVF treatment: An analysis of 400 135 treatment cycles. Hum. Reprod. 2011, 26, 1768-1774. [CrossRef]
[PubMed]

Conforti, A.; Esteves, S.C.; Picarelli, S.; Iorio, G.; Rania, E.; Zullo, F,; De Placido, G.; Alviggi, C. Novel approaches for diagnosis
and management of low prognosis patients in assisted reproductive technology: The POSEIDON concept. Panminerva. Med. 2019,
61, 24-29. [CrossRef] [PubMed]

Abu-Musa, A.; Haahr, T.; Humaidan, P. Novel Physiology and Definition of Poor Ovarian Response; Clinical Recommendations.
Int. J. Mol. Sci. 2020, 21, 2110. [CrossRef] [PubMed]

Conforti, A.; Esteves, S.C.; Di Rella, F.; Strina, I.; De Rosa, P.; Fiorenza, A.; Zullo, F,; De Placido, G.; Alviggi, C. The role of
recombinant LH in women with hypo-response to controlled ovarian stimulation: A systematic review and meta-analysis. Reprod.
Biol. Endocrinol. 2019, 17, 18. [CrossRef] [PubMed]

Humaidan, P; Chin, W.; Rogoff, D.; D’Hooghe, T.; Longobardi, S.; Hubbard, J.; Schertz, ]J. Efficacy and safety of follitropin
alfa/lutropin alfa in ART: A randomized controlled trial in poor ovarian responders. Hum. Reprod. 2017, 32, 544-555. [CrossRef]
[PubMed]


http://doi.org/10.1093/humrep/der106
http://www.ncbi.nlm.nih.gov/pubmed/21558332
http://doi.org/10.23736/S0031-0808.18.03511-5
http://www.ncbi.nlm.nih.gov/pubmed/30021418
http://doi.org/10.3390/ijms21062110
http://www.ncbi.nlm.nih.gov/pubmed/32204404
http://doi.org/10.1186/s12958-019-0460-4
http://www.ncbi.nlm.nih.gov/pubmed/30728019
http://doi.org/10.1093/humrep/dex208
http://www.ncbi.nlm.nih.gov/pubmed/28541398

	Introduction 
	Materials and Methods 
	Study Design 
	COS Regimen 
	Oocyte Retrieval, Fertilization, Embryo Culture and Transfer 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

