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A B S T R A C T 

The current commentary paper follows the historical introduction of gonadotropins and gonadotropin 

releasing hormone (GnRH) analogues to the in-vitro fertilization (IVF) market. We maintain that business 

decisions significantly influenced research and development; however, pharma decisions did not always 

align with physiology and clinical interests. Specifically, the never-ending debate on the issue of luteinizing 

hormone (LH) supplementation during ovarian stimulation was repeatedly studied using population-based 

randomized controlled trials. However, LH activity supplementation is an endocrine issue and therefore, 

specific endocrine inclusion/exclusion criteria should be used when assessing the needs or not for LH in our 

“every-day” patients. We propose that the approach until now has defocused the research question and thus, 

also the debate and that there is a need to revisit physiology and clinical thinking if the LH supplementation 

issue is to be unravelled. 

 

                                                                                       © 2022 Shahar Kol. Hosting by Science Repository. 

Introduction 

 

Fertility treatments witnessed a technological breakthrough in the last 2 

decades of the 20th century, particularly the development of IVF. The 

parallel development of fertility medications allowed large-scale, global 

adoption of fertility technology. In this opinion paper we follow the 

major steps in the development of these medications. We propose that 

business considerations by the Pharma industry along the way did not 

always agree with clinical interests. In this light, we propose an 

alternative approach to LH supplementation during the ovarian 

stimulation question. Specifically, we maintain that population-based 

studies may be replaced with studies that consider specific endocrine 

events that may expose the individual patient to transient LH deficiency 

and the need for LH supplementation. 

 

Human Menopausal Gonadotropin 

 

Human menopausal gonadotropin (hMG) was introduced into clinical 

use by Bruno Lunenfeld in 1961 and quickly revolutionized fertility 

treatment [1]. The product, Pergonal®, contained follicle stimulating 

hormone (FSH) and LH activity in a 1:1 ratio. With the exponential 

growth of global IVF treatment cycles in the 1990's, and a limited high-

quality menopausal urinary FSH supply, it became imperative to secure 

supply and quality by implementing recombinant DNA technology to 

produce recombinant human gonadotropins. The natural step forward 

would have been the production of “recombinant Pergonal”, i.e., a 

product containing recombinant human FSH and recombinant human 

LH, however, this did not materialize, and instead, the race to market 

resulted in the introduction of Follitropin alpha (Gonal-F®) by Serono 

and Follitropin beta (Puregon®) by Organon, both products containing 

recombinant human FSH, only. The two companies decided to invest 

their efforts and resources in producing only one gonadotropin molecule 

(FSH), leaving recombinant LH production “for the future”, and a 

natural question to ask, taking physiology into account, is why was LH 

left for the future? We suggest that the answer had to do with another 

Pharma industry decision, namely with the production of GnRH 

analogues. 

 

GnRH Analogues 

 

In 1977, the Nobel Prize in Physiology and Medicine was divided 

between Rosalyn Yalow ‘for the development of RIAs of peptide 

hormones’ and the other half jointly to Roger Guillemin and Andrew 

Victor Schally ‘for their discoveries concerning the peptide hormone 

production of the brain’. This discovery of GnRH led to a race to find 
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potential analogues. The natural step forward would have been the 

production of a GnRH antagonist for the prevention of a premature LH 

surge and early luteinization during ovarian stimulation, however, again, 

this did not materialize. It turned out that it was easier and quicker to 

produce GnRH agonist preparations for clinical use, and thus, GnRH 

agonist (GnRHa) products were registered for pituitary down-regulation 

in IVF, whereas the development of GnRH antagonists was “left for the 

future”. Indeed, the from a patient perspective inconvenient “long 

GnRHa down-regulation” protocol quickly became the gold standard 

protocol in IVF, since it eliminated cycle cancellations caused by 

spontaneous ovulation, leading to significantly improved success rates 

and facilitating the scheduling of the treatment. This occurred in spite of 

the fact that the long GnRHa down-regulation protocol was cumbersome 

and deviated significantly from physiology; however, this was as “good 

as it got” and we did not have any other options at the time. 

 

Which Gonadotropin Formulation to Use in the Long GnRHa 

Down-Regulation Protocol? 

 

With the long GnRHa down-regulation protocol well established 

globally, the need for LH activity supplementation during ovarian 

stimulation was explored and questioned. Urinary FSH preparations 

were introduced and reported to be equal, or even better, than the old 

HMG products [2-5]. These and similar publications added scientific 

justification to the decision of the Pharma industry to introduce 

recombinant FSH products only, claiming that LH was not needed in the 

context of GnRHa down-regulation and ovarian stimulation, although 

physiology tells us that LH and FSH work in synergy, playing 

complementary roles during follicle development and ovulation. 

 

GnRH Antagonists  

 

GnRH antagonists were introduced to the market in early 2000, and after 

a decade, the GnRH antagonist protocol almost totally replaced the long 

GnRHa down-regulation protocol. It was convenient for Pharma and 

clinicians alike to transfer the knowledge and experience from the long 

GnRHa down-regulation protocol to the GnRH antagonist protocol and 

continue the use of recombinant FSH preparations for ovarian 

stimulation. However, the endocrinology of the GnRH antagonist 

protocol is totally different from that of the GnRHa long down-

regulation protocol and the natural cycle [6]. 

 

Thus, according to the two cell- two gonadotropin concept theca cell-

derived, LH-dependent, aromatizable androgens (mainly 

androstenedione) are converted into E2 by FSH-induced granulosa cell 

aromatase activity. The extent of aromatase activity is limited by the 

amount of precursor available, which in turn depends on LH levels. 

During the natural cycle, LH levels are high, ranging between 6-8 IU/l 

during the follicular phase, which allows for a sufficient supply of 

androgens, for a continuous rise in E2 levels, determined by the growing 

number of granulosa cells of the dominant follicle, and a parallel increase 

in aromatase activity [7]. 

 

When comparing the GnRH antagonist protocol to the long GnRHa 

protocol, we suggest that a sharp drop in LH – as seen during GnRH 

antagonist treatment - will cause a sudden decrease in androgen 

precursor availability, resulting in an insufficient E2 production by the 

growing follicles, manifested in a drop or plateauing in circulating E2 

levels. Moreover, as androgens play a pivotal role in folliculogenesis in 

terms of primary growth via synergy with insulin growth factor (IGF) 1, 

and FSH receptor induction on granulosa cells, stagnation of follicular 

growth is seen in sub-sets of patients who benefit from of LH 

supplementation during GnRH antagonist co-treatment [8]. Thus, E2-

plateauing and follicular stagnation are typical signs of an iatrogenic – 

or acquired LH deficiency (Figure 1) [9]. We suggest that, at least in 

part, the reason for “hypo-response to controlled ovarian stimulation” 

and “initial slow response or stagnation in follicle growth during ovarian 

stimulation with FSH monotherapy" is caused by an iatrogenic, GnRH 

antagonist-mediated, LH deficiency [10].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Modified from the Ganirelix dose-finding study. After 5 days of recombinant FSH ovarian stimulation, most patients reached an E2 level of about 

400 pg/ml. In contrast, after Ganirelix dosing, patients who received the highest dosing (1 mg and 2 mg) have E2 stagnation during the rest of stimulation 

period. 

 

In comparison, during the long GnRHa down-regulation protocol, LH 

levels are significantly lower as compared to during GnRH antagonist 

co-treatment, and with minimal fluctuations over time, allowing follicles 

to adjust to the down-regulated LH levels [11]. In the majority of these 

patients, unless LH is completely eliminated, a steady rise in E2 levels 

and an increase in follicular growth during stimulation is observed 

depending on the amount of exogenous FSH supplied to the system. 

Theoretically, the actual LH level plays a minor role in the majority of 
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patients since only part of follicular LH receptors need to be activated to 

obtain maximal steroidogenic response and growth of the follicle [12]. 

 

However, from a physiological point of view, it seems plausible that it 

takes some time for the aromatase system to adjust to a given low 

circulating endogenous LH level. Hence, the conclusion made from 

GnRHa down-regulation: "...there is little underlying physiological 

support for the addition of LH in stimulation protocols", contrasted by 

others who suggested that 12-14 % of GnRHa down-regulated patients 

benefitted from LH supplementation [11, 13].  

 

In the GnRH antagonist-based cycle, following a mild natural decrease 

in LH levels during the first 5 days of stimulation, a sudden GnRH 

antagonist-mediated LH drop leads to depleted E2 biosynthesis and 

follicular growth stagnation. We, therefore, suggest that the sharp drop 

in LH level is clinically significant, rather than the absolute level itself, 

based on the lessons learned from the Ganirelix dose-finding study [14]. 

Of note, the Ganirelix dose-finding study, as usual, recruited optimal 

“model” patients in terms of age, ovulatory pattern, body mass index 

(BMI), and ovarian morphology. However, "model" patients comprise 

no more than one-third of “real life” patients [15]. 

 

Even in the “model” patient population, the response of the pituitary to 

the chosen GnRH antagonist dose (0.25 mg) will obey a “bell-shape” 

response curve. Some patients may “hypo-respond” to the 0.25 mg dose 

and will be at risk of a premature LH rise, while other patients may 

“hyper-respond” to the 0.25 mg dose, being at risk of LH over- 

suppression. In reality, a GnRH antagonist dose-response scatter of the 

0.25 mg gold standard dose was never published. Instead, it may have 

been convenient to the Pharma industry to once again come up with a 

“one dose fits all” model, ignoring potential individual physiological 

abnormal responses, and ignoring the majority of patients who were 

excluded from the dose-finding study as they were not “model” patients. 

While the issue of individual gonadotropin dosing for follicular 

stimulation has been intensively studied, the question of an individual 

GnRH antagonist dosing regimen has been conveniently put aside or 

ignored. 

 

Recombinant LH 

 

Recombinant human LH (rLH) was initially introduced to the market in 

the 2000's, and the idea was to use rLH for ovulation triggering; 

however, the project was halted due to the large dose of rLH needed to 

induce optimal follicular maturation, which introduced financial as well 

as clinical considerations [16]. Instead, going back to the old Pergonal® 

days, ignoring the twists and turns summarized above, but remembering 

physiology, a straightforward implementation of a “recombinant 

Pergonal” preparation principle was introduced alongside the nowadays 

gold standard GnRH antagonist protocol.  

 

Population-Based Randomized Controlled Trial (RCT)'s and 

the Supplemented LH Question 

 

So far, the question of adding LH in ovarian stimulation before IVF has 

been approached by numerous RCT's. The inclusion and exclusion 

criteria in these RCT's were population-based, in line with previous large 

RCT's used to compare different gonadotropin products, as required by 

regulatory agencies for product registration and marketing.  

 

Using this approach to study an endocrine question, like adding LH in 

ovarian stimulation for IVF, cannot be justified. A population-based 

RCT is likely to miss patients who might benefit from LH 

supplementation. We argue that when assessing an endocrine question, 

we need to base RCT's on specific endocrine inclusion/exclusion criteria. 

Based on the Ganirelix dose-finding study, the following two endocrine 

events could identify patients who might benefit from LH 

supplementation: 

i. The endogenous LH level just before GnRH antagonist 

dosing 

ii. The recovery of endogenous LH 24 hours post-dosing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Modified from the Ganirelix dose-finding study. All patients were stimulated with recombinant FSH. Day 1 is the first day of antagonist dose 

given at 8 am, followed by a repeated LH blood testing 8 hours later. The magnitude of the LH drop 8 hours after Ganirelix dosing is largest when pre-

dosing serum LH is highest. Eight hours post Ganirelix dosing LH is <1.0 IU/I with all doses used, however, LH recovery 24 hours post dosing is different 

between the doses used. Of note, patients receiving the highest Ganirelix doses (1 mg and 2 mg) had very low LH levels on the day of trigger and also poor 

reproductive outcomes. 
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Figure 2 shows that the LH drop was highest when LH was highest 

before dosing, even if the system was exposed to the moderate 0.25 mg 

dose. Also, it is clear that the difference between the higher doses (1 and 

2 mg, leading to poor reproductive outcomes) and the 0.25 mg dose was 

not apparent 8 hours after dosing, but 24 hours after dosing (LH 

recovery). 

 

These above mentioned endocrine events were previously explored in 50 

GnRH antagonist co-treated patients. Thus, in the morning of the first 

GnRH antagonist bolus, a blood sample was performed for LH, E2 and 

progesterone prior to GnRH antagonist administration. Twenty-four 

hours after the first GnRH antagonist injection, another blood sample 

was performed. If the LH level was less than 50% of the level measured 

24 hours earlier, the subject was defined as “over-suppressed” to the 

0.25 mg dose, and a daily dose of 150 units of recombinant LH (lutropin 

alpha; Luveris®, Merck Serono, Herzliya, Israel) was added from that 

day onwards (in parallel to follitropin alfa) until ovulation trigger. 

Importantly, a total of 26% of patients were “over-suppressed”, and these 

patients also demonstrated a significant decrease in estradiol levels 

during the first 24 hours after the initial GnRH antagonist administration; 

however, LH “rescue” resulted in not only a non-significant difference 

in estradiol levels on the day of ovulation trigger but also a non-

significant difference in FSH consumption when compared to normal 

responders to the GnRH antagonist. Moreover, no difference was seen 

in oocyte and embryo number or reproductive outcome [17]. To 

corroborate the findings of this pilot study clearly, a large-scale RCT is 

warranted in the “over-suppressed” patient category, however, this 

would be the optimal way to explore the “LH-question” in an endocrine 

and objective way. 

 

Outlook 

 

Pharma industries and business decisions significantly influence the way 

we practice ovarian stimulation in IVF. Product development often 

results in financial and practical considerations, deviating from 

physiology. In IVF, when considering ovarian stimulation, LH 

supplementation, and use of the GnRH antagonist protocol, science and 

business do definitely not agree. We suggest that we revisit physiology 

and clinical thinking and individualize our treatment strategy according 

to the needs of our "every-day" patients.  
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