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Disclaimer enduring materials

 The views expressed in the following presentations are those of the individual presenting
speakers

 The presentations may discuss therapeutic products that have not been approved, or off-label
use of certain products

 These presentations are for educational purposes only and should not be reproduced or
distributed in any way
— If you wish to reproduce, store in a retrieval system, transmit in any form or by any means, electronic,
mechanical, photocopying, recording, or otherwise, any part of the material presented, you will need to

obtain all the necessary permissions by writing to the publisher, the original author, or any other current
copyrightowner

* Ology Medical Education emphasizes that the content of these materials/this educational
activity is provided for general educational purposes only, and should not in any way be
considered as advisory. It is the responsibility of the health care professional to verify all
information and data before treating patients or using any therapies described
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Educational objectives

» |dentify the age-related decline in fertility and discuss the impact on both the
embryo and oocyte quality

 Recognize ovarian aging as a possible cause of LH and androgen deficiency
 Review novel therapeutical strategies in women of advanced age
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Age for IVF (IVI Valencia 2018)

Age

m<35 m35-39 w>=40

[VIValencia in house data.



Late reproduction stage

Stage -5 [-4 |-3b | -3a -2 -1 +1a]|+1b [+ic +2
Terminology REPRODUCTIVE MENOPAUSAL POSTMENOPAUSE
TRANMSITION
Early [Peak [Late Early [Late Early Late
Perimenopause
Duration variable variable | 1-3 years. 2 years | 3-6 years | Remaining
I (1+1) litespan
PRINCIPAL CRITERIA
Menstrual Variablo | Rogular | Hogular | Subtio Variabla Tntarval of
Cycle to regular changes in | Length amenorrhea
Flowf Persistent of =60
Length 27- day days
diffarance in
length ot
consecutive
cycles
SUPPORTIVE CRITERIA
Endocrine
FSH Low Variable® T Variable® T >25 U T Variable | Stabilizes
AMH Low Low Low Low Low Vary Low
Inhibin B Low Low Low Low Very Low
Antral Follicle Low Low Low Low Very Low Very Low
Count
DESCRIPTIVE CHARACTERISTICS
Sympl,oms Vasomotor | Vasomotor Increasing
symploms | symptoms symptoms of
Likely Most Likely urogenital atrophy

" Blood draw on cycle days 2-5 1 = elevated
“*Approximate expected level based on assays using current international pituitary standard®*®

Fig. 1. The 2011 Stages of Reproductive Aging Workshop + 10 staging system for reproductive aging in women.

Hale GE, etal. J Steroid Biochem Mol Biol. 2014;142:121-31.



Ovarian aging: follicle count
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Ovarian aging
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Ovarian aging
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Ovarian aging

LH (IUL)
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Ovarian aging: testosterone
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Total testosterone levels in women decrease with age

Zumoff B, etal. J Clin Endocrinol Metab. 1995;80:1429-30.



Ovarian aging
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Ovarian aging: estradiol and androstenodione

Change (%)
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Welt CK, etal. HumReprod. 2006;21:2189-93.



Ovarian aging: follicular fluid
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Ovarian aging: follicular fluid
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LH during folliculogenesis in the natural cycle

LH FSH _
[ Early follicular phase

 Induction of androgens production in the
theca cells

* Increase in follicular recruitment

From intermediate follicular phase
Expression of LH receptors in the granulosa
+ Optimization of steroidogenesis

« Sustained FSH-dependentgranulosa activities,
including aromatase induction and growth factors
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Jeppesen JV, etal. J Clin Endocrinol Metab. 2012;97:E1524-31.



Oocyte competence LH regulation (IGF)
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Oocyte competence LH regulation (EGF)
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Prochazka R, etal, Biol Reprod. 2017;97:537-49.

RichaniD, Gilchrist RB. HumReprod Update. 2018;24:1-14.



Impact of LH administrationin COS for IVF

« 30 oocyte donors (< 35 years, normogonadotrophic)
* Long protocol: GnRH agonist + intranasal nafarelin

300 -

225 A
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Bosch E, etal. Fertl Steril. 2006;86:Suppl.2:5425.



Impact of LH administration in COS for IVF

Serum hormone determinations on day of hCG

FSH FSHILH FSHILH
300 1U 225/751U 150/150 1U P

E2 (pgimL) 2662 2208 2700 NS
P4 (ngimL) @ 06 06 NS
FSH (miU/mL) 1342 8.60 75b ?a;off))
LH (mIU/mL) 20 16 22 NS
Te (ng/mL) 0.6 05 0.8 NS
A4 (ngimL) 27 24 29 NS
DHEAS (ug/dL) 206 190 192 NS

Bosch E, etal. Fertl Steril. 2006;86:Suppl.2:5425.



Impact of LH administrationin COS for IVF

Follicular fluid hormone determinations
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Bosch E, etal. Fertl Steril. 2006;86:Suppl.2:5425.



Impact of LH administrationin COS for IVF

Relationship between follicular steroids levels and oocyte maturation

Metaphase I Metaphase | GV p
E2 (pg/mL) 1657 1750 0.04 (a > b)
P4 (ng/mL) 175 15.0 23.7 NS
LH (mlU/mL) 14 1.1 13 NS
Te (ng/mL) 7.8 C216) 12.4 0.007 (a > b)
A (ngimL) 94,1 C3m2 ) 161 <0.001 (a > b)
DHEAS (ug/dL) 219 270 208 NS

Bosch E, etal. Fertl Steril. 2006;86:Suppl.2:5425.



Impact of LH activity administrationin COS for IVF

Serum hormonal profile during stimulation
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Smiz J, et al. Hum Reprod. 2007;22:676-87.



Impact of LH activity administrationin COS for IVF

Follicular fluid hormonal levels

Ratio > 1:

HP-hMG > rFSH
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Smitz J, et al. Hum Reprod. 2007;22:676-87.



Impact of LH activity administration in COS for IVF

Ongoing pregnancy rate per started cycle transfer according to androgen levels

FSH FSH+LH RR (95% Cl) P
Te < 0.45 ng/mL 33.1 44.4 1.34 (0.98-1.85) 0.06
Te > 0.45 ng/mL 50.0 40.0 0.80 (0.53-1.20) 0.28
DHEAS < 156 mcglL 324 38.2 1.18 (0.82-1.69) 0.37
DHEAS > 156 mog/L 473 434 0.92 (0.65-1.30) 0.63
A, < 1.90 ng/mL 39.1 46.0 1.18 (0.87-1.60) 0.30
A, > 1.90 ng/mL 40.3 479 1.19(0.82-1.72) 0.35

Boschetal. ESHRE. 2011.



LH administrationin the elderly patient

Study S(apr:zleenige Me(‘g)u re W((eoi/og)ht Forestplotof clinical pregnancy
Marrs 2004 88 2.91(1.14-7.42) 6.73%
Humaidan 2004 39 1.75(0.42-7.35) 3.64%
Fabregues 2005 120 0.93 (0.45-1.93) 18.99%
NyboeAndersen 2008 100 0.59 (0.25-1.42) 16.87% *
Barrenetxea 2008 84 1.15(0.41-3.19) 8.68%
Mattoras 2009 131 2.14(0.9-5.12) 8.89% '
Bosch 2011 340 1.49 (0.93-2.38) 36.19% '
Synthesis 902 1.37(1.03-1.83))  100.00% =
—— [ I I I I ]
0.125 0.25 0.5 2 4 8
Favors rFSH Favors rLH +rFSH

Hill MJ, et al. Fertil Steril. 2012;97:1108-14.



LH administrationin the elderly patient

Study Age Protocol LH administration
Marrs 2004 =35 GnRH agonist long 150 Ul from day 6
Humaidan 2004 =35 GnRH agonist long Ratio 2:1 from day 8
Fabregues 2006 =35 GnRH agonist long 150 Ul from day 6
NyboeAndersen 2008 = 35 GnRH agonist long 75 Ul from day 6
Barrenechea 2008 =40 or POR Flare up 150 Ul from day 7
Matorras 2009 35-39 GnRH agonist long 150 Ul from day 6
Bosch 2011 36-39 Antagonist 75 Ul from day 1

Hill MJ, et al. Fertil Steril. 2012;97:1108-14.



Impact of LH administration on GnRH-releasing hormone
antagonist cycles: an age-adjusted analysis

FSH alone
GnRH antag 0.25 ; ; ! 3x18mm
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Previous cycle: OC (0.030 mg of etinyl-estradiol + 3.0 mg of drospirenone)

Bosch E, etal. Fertil Steril. 2011;95:1031-6.



Impact of LH administration on GnRH-releasing hormone
antagonist cycles: an age-adjusted analysis

FSH FSH + LH FSH FSH + LH
< .
S35 (n=172) (n=161) P 36-39 (n=142) (n=150) P
E2 on day of hCG E2 on day of hCG

1.542 1.625 0.436 1. 1. 064
(pg/ml) (pg/m|) 388 560 0.06
P on day of hCG P on day of hCG
(ng/ml) 0.85 0.69 0.002 (ngiml) 0.89 067 <0.01
No. of oocytes 1.3 10.9 0.180 No. of oocytes 10.1 8.4 0.008
No. of MII (ICSI) 78 7.3 0.255 No. of Ml (ICSI) 7.0 6.6 0.303
Fertilization rate 67 4 674 0.998 Fertilization rate 61.2 68.0 0.027
No. of transferred No. transferred
embryos 19 19 0.488 embryos 1.7 19 0.109
OHSS 53 7.0 0.493 OHSS 5.0 3.0 0.360

Bosch E, etal. Fertil Steril. 2011;95:1031-6.



Impact of LH administration on GnRH-releasing hormone
antagonist cycles: an age-adjusted analysis

Implantation rate Ongoing pregnancy rate per randomized patient?
p=0.84 p=0.03 p=1.0 p=0.09
OR:1.03 (0.73-147)  OR:156 (1.04-2.33) OR: 1.0 (0.65-1.57) OR: 1.49 (0.93-2.38)
40 1 40 -
B FSHalone
30 - 30 4 B FSH+LH
20 A 20 -
10 1 10 A
0 - 0

<=35 36-39

AITT analysis. Bosch E, etal. Fertil Steril. 2011;95:1031-6.



Impact of LH administration on GnRH-releasing hormone
antagonist cycles: an age-adjusted analysis
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Ongoing PR per ET — I . | N I & |
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Bosch E, etal. Fertil Steril. 2011;95:1031-6.



LH administration in Bologna patients

Observed (unadjusted) live birth rates according to BSC and treatment group

r-hFSH/r-hLH (N = 462)

r-hFSH (N = 477)

Patients with a previous Patients with no previous Live birth Live birth
BSC ART cycle ART cycle n (%) rate, n (%) n (%) rate, n (%)
, < 40 years old AND previous ART <40 years old AND AMH
0 (mild) cycle with > 2 oocytes refrieved > 0.5 ng/ml 170 (36.8) 18 (10.6) 156 (32.7) 34 (21.8)
> 40 years old OR previous ART > 40 years old ORAMH
1 (moderate) cyclewith < 2 oocytes retrieved <05 ng/ml 209 (45.2) 23 (11.0) 254 (53.3) 19(7.5)
> 40 years old AND previous ART > 40 years old AND AMH
2R cycle with <2 oocytes retrieved <0.5ng/ml sl Sk Sy S
Overall 462 (100.0) 49 (10.6) 477 (100.0) 56 (11.7)

BSC, baseline severity score.

Humaidan P, etal. HumReprod. 2017;32:544-55.



Different findings when LH is started on Day 6

150 IU rLH
rFSH + rLH group 2Rl
10,000 IU
rFSH-only group 225 IUrFSH
o \ 4 \ 4 A 4
Stimulation day 1923456
rFSH (n = 128) rFSH + rLH (n = 125) p value
Oocyte retrieval 123 120
Total oocytes 10.9 10.2 0.38
Fertilization rate (%) 58.1 58.2 0.97
Total embryos 6.6 5.6 0.11
No. of patients per protocol 13 116
Clinical pregnancies 38 (33.6) 35(30.2) 0.78
Ongoing pregnancies 28 (24.8) 25(21.6) 0.76
Implantation rate (%) 23.5 20.3 0.84

Konig TE, etal. Hum Reprod. 2013;28:2804-12.



Different findings when LH is started on Day 6

rFSH (n=120) rFSH/rLH (n=120) Between-group
norniN Value norniN Value difference(95%Cl) P Value

Ovarian stimulation

Oocytes, n 102 8 (5, 1) 109 7(4,11) 1(-1-3) 0.516

Embryos, n 102 4 (3, 6) 109 3(2,6) 1(-1-2) 0.321

Good embryos 101 1(1,2) 107 1(0, 2.5) 0(-1-1) 0.519

Embryos cryopreserved 96 0(0,2) 106 0(0,2) 0(0-0) 0.866
Embryo transfer

No. transferred 93 2(2,3) 100 2(1,3) 0(-1.0-1.0) 0.272

Clinical pregnancyrate 271120 22.5% 271120 22.5% 0.0 (-10.6-10.6) 1.0

Implantation rate 93 11.13 100 12.47 -1.34 (-9.48-6.81) 0.746

Miscarriage rate 6/120 5.0% 71120 5.8% -1.8 (-8.0-4.7) 0.554

Ovarian hyperstimulation 0/120 0.0% 0/120 0.0% 0.0 (0.0-0.0) -

Live birth rate 21/120 17.5% 20/120 16.7% 0.8 (-9.5-11.2) 0.864

Vuong TN, etal. Hum Reprod. 2015;30:1188-95.



Different findings when LH is started on Day 6

Reply: Comment on
‘Recombinant LH
supplementation to a standard
GnRH antagonist protocol in
women of 35 years or older
undergoing IVF/ICSI: a
randomized controlled
multicentre study’

LH supplementation from stimulation Day 6 onwards does not seem
to be beneficial. However, we agree that there might be a potential bene-
ficial effect of LH supplementation from stimulation Day | inan antagon-
ist cycle especially with pretreatment of oral contraceptives in this

specific group of older women. Further studies are indeed necessary
to address this issue.

Bosch E. HumReprod. 2014;29:636-7.



Take-home messages

 Women in their late reproductive stage are the most frequent group of patients
undergoing IVF

« The aging ovary shows a different endocrine basal situation, but also a different
follicular environment and a different response to rFSH, suggesting a thecal
insufficiency

 LH administration enhances follicular steroidogenesis, increasing the synthesis of
androgens for their later aromatization to estrogens

« This function seems to be beneficial for women > 35 undergoing COS for IVF

— To achieve this improvement, LH should be administered from the first day of
stimulation



