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Aim of ovarian stimulation in IVF
Efficacy of ovarian stimulation
Defining success in ART?
Planning COS

Gonadotropin dosing

ART, assisted reproductive technology; COS, controlled ovarian
stimulation; IVF, in vitro fertilization.



Aim of ovarian stimulation

Maximise
suUcCcess
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\in IVF outcomes




Efficacy of ovarian stimulation

« Human Fertilisation and Embryology Authority, UK ART data 1991-2011
* 6,168 unstimulated and 584,835 stimulated IVF cycles

44.2%, no oocytes 57.1%, no embryos
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IQR, inter-quartile range Figures reproduced from Sunkara SK, et al. Hum Reprod. 2016;31:2261-7.



Efficacy of ovarian stimulation

Live birth per cycle Singleton live birth per cycle

4.7% 22.5% 4.2% 16.9%
Unstimulated IVF Stimulated IVF Unstimulated IVF Stimulated IVF
3.5 times as many unstimulated 2.9 times as many unstimulated
cycles to achieve a live birth cycles to achieve a singleton live
compared with stimulated IVF birth compared with stimulated IVF

Figures reproduced from Sunkara SK, et al. Hum Reprod. 2016;31:2261-7.



What is success in ART?

— \\ ©leungchopan/Shutterstock.



Traditional definition: live birth
per cycle per oocyte retrieval per ET

How do WE define success in ART?




» COS strategies

» Cryopreservation
programmes

Maximising efficacy,
safety, cost-effectiveness

Redefined success in ART

« Cumulative live birth
rate (CLBR)

Important milestones in ART
« Time to pregnancy (TTP)




Planning stimulation regimens

Understand key associations

BETWEEN Ovarian stimulation, number of oocytes

Clinical outcomes: LBR, CLBR, OHSS

CLBR, cumulative live birth rate; LBR, live birth rate;
OHSS, ovarian hyperstimulation syndrome.




Association between the number of eggs and live
IVF treatment: an analysis of 400,135 treatment cycles
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Figure reproduced from Sunkara SK, et al. Hum Reprod. 2011;26:1768-74.



How many oocytes do we need to maximize cumulativ
birth rates after utilization of all fresh and frozen embryos?

« 1,099 women, GnRH antagonist regimen, 150-225 r-FSH daily

« Planned SET

Tl
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CLBR
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1-3 4-9  10-13 *15
oocytes oocytes oOCYtES oooytes

FSH, follicle stimulating hormone; r-FSH, recombinant FSH;
SET, single embryo transfer.

1-3 4-9 10-15 >15 P-value
Oocytes Oocytes Oocytes Oocytes
LBR 16.9% 29.7% 33.4% 32.1% 0.02
CLBR 21.7% 39.7% 50.5% 61.5% <0.001
Moderate -
severe 0 0 2 (0.6%) 9 (4.1%) <0.001
OHSS

Drakopoulos P, et al. Hum Reprod 2016;31:370-6.



The number of oocytes retrieved during IVF:
a balance between efficacy and safety

Live birth (%)

Retrospective registry-based study

39,387 women undergoing 77,956 fresh IVF cycles and 36,270 frozen
transfers

60 -
50 -
40 A
30 A
20 -
10 A

0

5 7 9 10 13 15 17 19 21 23
Retrieved oocytes at aspiration (n)

— 0
25

OHSS incidence (%)

"""" Predicted, adjusted for age, fixed age = 34 y
== Actual means, cumulative

" Predicted, cumulative

Actual means, fresh cycles

==™" Predicted, fresh

" Predicted OHSS rate

Figure reproduced from Magnusson A, et al. Hum Reprod. 2018;33:58-64.



Individualization of controlled ovarian stimulation in IVF
ovarian reserve markers: from theory to practice

Individualization of controlled ovarian
stimulation in IVF using ovarian reserve
markers: from theory to practice

Antonio La Marca!” and Sesh Kamal Sunkara?

'MatherInfant Department, Institute of Obstetrics and Gynaecelogy, University of Modena and Reggio Emilia, 41100 Modena, Italy *King's
College Londen, Lendon, UK

 AFC or AMH to categorise women:

« Normal, poor, hyper response
« Choose treatment protocols tailored to the prediction

« Fine tuning at the different stages of COS:

« Pituitary suppression, ovarian stimulation, oocyte maturation trigger

AFC, antral follicle count; AMH, anti-Millerian hormone. La Marca A and Sunkara SK. Hum Reprod Update. 2014;20:124-40.



ORTs and prediction of poor ovarian response

AUC 959% CI P-value
Univariable models
Age 0.61 0.54-0.68 NA
FSH 0.68 0.61-0.74 0.051
AFC ~ 0.76 0.70-0.82 <0.001
AMH "2 0.78 0.72-0.84  <0.001
Multivariable models
Age and FSH 0.71 0.65-0.78 <0.001
Age and AFC 0.79 0.73-0.85 <0.001
Age and AMH 0.77 0.70-0.83 <0.001
Age and AMH and AFC 0.80 0.74-0.86 <0.001
Age and AMH 0.81  0.75-0.86 <0.001

and AFC and FSH

AUC, area under the curve; CI, confidence interval;
FSH, follicle stimulating hormone; ORTSs, ovarian reserve tests.
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Figure reproduced from Broer SL, et al. Hum Reprod Update. 2013;19:26-36.
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ORTs and prediction of hyper response

AUC 959% CI P-value
Univariable models
Age 0.61 0.54-0.68 NA
FSH 0.66 0.60-0.73 0.071
AFC A 0.79 0.74-0.85 <0.001
AMH 0.81 0.76-0.87  <0.001
Multivariable models
Age and FSH 0.68 0.62-0.75 <0.001
Age and AFC 0.81 0.76-0.87 <0.001
Age and AMH 0.81 0.76-0.87 <0.001
Age and AMH and AFC 0.85 0.80-0.90 <0.001
hoeand AMH 0.81  0.75-0.86 <0.001
AMH and AFC 0.85 0.80-0.90 <0.001
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Figure reproduced from Broer SL, et al. Fertil Steril 2013;100:420-9.
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Poor response: individualised vs standard dose

« 5 RCTs in predicted low responders

« 300/ 400/ 450 IU vs 150 IU
(Klinkert et al. Fertil Steril 2005; Van Tilborg et al. Hum Reprod 2017)

« 400/ 450 IU vs 300 IU
(Harrison et al. Fertil Steril 2001, Batsu et al. EJOG 2016)

« 600 IU vs 450 TU
(Lefebrve et al. Fertil Steril 2015)

« Overall pooling of studies not possible due to variation of
gonadotropin dose in study and control arms

IU, international unit; RCT, randomized controlled trial. Lensen SF, et al. Cochrane Database Syst Rev. 2018;2:CD012693.



Oocytes retrieved

Mean Mean
Study or subgroup Mean Difference (SE) Difference Weight Difference
IVFixed,95% Cl IV,Fixed,95% Cl
I 3007450 1U vs 150 1U
Klinkert 2005 (1) 0.08 (0.22) — 200 % 0.08[-0.35051]
Van Tilborg 2017 (2) 084 (0.11) - 80.0% 084062 1.06]
Subtotal (95% CI) - 100.0 % 0.69 [ 0.50, 0.88 |
Heterogeneity: Chi2 = 9.55, df = | (P = 0.002); I> =90% | L ) )
Test for overall effect: Z = 699 (P < 0.00001) Significantly higher with 300/450 IU vs 150 IU

2 400/450 1U vs 300 1U
Bastu 2016 (3)

0.18(0.18)

Harrison 2001 (4) 017 (021)

Subtotal (95% CI)

Heterogeneity: Chi> = 1.60, df = | (P =0.21); 1> =38%
Test for overall effect: Z=0.23 (P = 0.82)

3600 1U vs 450 1U

—i— 57.6% 0.18[-053,0.17]
— 424% 0.17[-0.24, 0.58
—— 100.0 % -0.03 [-0.30,0.24 ]

No significant difference with 300 IU vs 400/450 IU

Lefebrve 2015 (5) 0.08 (0.06) .’ 100.0 % 0.08 [-0.04,020]
Subtotal (95% CI) ingd 100.0 % 0.08 [ -0.04, 0.20 ]
Heterogeneity: not applicable
Test for overall effect: Z=1.33 (P =0.18)

Test for subgroup differences: Chi2 = 31.43, df = 2 (P = 0.00), I =94%
-1 -0.5 0 05 |

Favours lower dose

Favours higher dose

Figure reproduced from Lensen SF, et al. Cochrane Database Syst Rev.
2018;2:CD012693.



Cycles cancelled due to poor ovarian response

Study or subgroup Higher dose Lower dose Odds Ratio Weight Odds Ratio
n/N n/N M-H,Fixed,95% ClI M-H Fixed 95% CI

| 3007450 1U vs 150 U

Klinkert 2005 (1) 6/26 5126 - 104 % 126 [033,479]

Van Tilborg 2017 (2) 5/113 36/121 B 89.6 % 0.11[004,029]
Subtotal (95% CI) 139 147 - 100.0 % 0.23 [ 0.11, 0.47 ]
Total events: | | (Higher dose), 41 (Lower dose)
Heterogenaity: Chi2 = 846, df = | (P = 0.004); > =88% Significantly lower with 300/450 IU vs 150 IU
Test for overall effect: Z = 4.06 (P = 0.00004%9)
2 4007450 1U vs 300 U

Bastu 2016 (3) 9/31 8/31 —— 66.7 % 1.18 [0.38,3.60]

Harrison 2001 (4) 7124 424 — 333% 206[051,825]
Subtotal (95% CI) 55 55 - 100.0 % 1.47 [ 0.62, 3.49 ]

Total events: |6 (Higher dose), |2 (Lower dose)
Heterogeneity: Chi? = 0.38, df = | (P = 0.54); 12 =0.0%
Test for overall effect: Z = 0.87 (P = 0.38)
3600 1U vs 450 U
Lefebrve 2015 (5) 297180 32/176

Subtotal (95% CI) 180 176
Total events: 29 (Higher dose), 32 (Lower dose)

Heterogeneity: not applicable
Test for overall effect: Z = 0.52 (P = 0.60)
Test for subgroup differences: Chiz = 1270, df = 2 (P = 0.00), I> =84%

No significant difference with 300 IU vs 400/450 IU

3 100.0 % 086050, 150]

- 100.0 % 0.86 [ 0.50, 1.50 ]

002 0.1

Favours higher dose

Favours lower dose

Figure reproduced from Lensen SF, et al. Cochrane Database Syst Rev.
2018;2:CD012693.



Women with at least one transferrable embryo

Study or subgroup Higher dose Lower dose
n/N n/N

Odds Ratio Weight
M-H,Fixed,95% Cl

Odds Ratio
M-H Fixed,95% Cl

| 300/450 U vs 150 1U

Klinkert 2005 (1) 15/26 18126
Van Tilborg 2017 (2) 85/113 69/121
Subtotal (95% CI) 139 147

Total events: 100 (Higher dose), 87 (Lower dose)
Heterogeneity: Chi> = 4.21, df = | (P = 0.04); I> =76%
Test for overall effect: Z = 2.24 (P = 0.025)

2 4007450 IU vs 300 IU

Bastu 2016 (3) 2131 23131
Harrison 2001 (4) 14/24 17124
Subtotal (95% CI) 55 55

Total events: 36 (Higher dose), 40 (Lower dose)
Heterogeneity: Chi> = 022, df = | (P = 0.64); 1> =0.0%
Test for overall effect: Z = 0.83 (P = 0.41)

3600 U vs 450 IU

— 316%
— 684 %
— 100.0 %

— 485%
—i 515%
——— 100.0 %

0617019, 1897
229 131,400]
1.76 [ 1.07, 2.87 |

Significantly higher with 300/450 IU vs 150 IU

0.85[ 028, 260 ]
058[0.17, 151 ]
0.71[0.31, 1.60 ]

No significant difference with 300 IU vs 400/450 IU

Lefebrve 2015 (5) 111/180 101/176 - 100.0 % 1190078, 1.82]
Subtotal (95% CI) 180 176 - 100.0 % 1.19[0.78,1.82 ]
Total events: |11 (Higher dose), 101 (Lower dose)

Heterogeneity: not applicable
Test for overall effect: Z =082 (P = 041)
Test for subgroup differences: Chi2 = 3.71, df = 2 (P = 0.16), I> =46%
0l 02 05 | 2 5 10

Favours lower dose Favours higher dose

Figure reproduced from Lensen SF, et al. Cochrane Database Syst Rev.

2018;2:CD012693.



Live birth/ongoing pregnancy rate

Higher dose Lower dose Oids Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.1.1 300/450 IUvs 150 IU
Klinkert 2005 (13 1 26 2 26 135% 0.48 [0.04, 5 68] =
Wan Tilhorg 2017 (2 10 113 14 121 86.45% 0.74[0.32,1.78] i
Subtotal (95% Cl) 139 147 100.0%  0.71[0.32, 1.58]
Total events 11 16
Heterogeneity, Chi*= 011, dfi=1(P=0.74) F= 0%
Testfor overall effect 7= 0.84 (P = 0.40) Sma |! sam pIe
1.1.2 400/450 IU vs 300 IU . Slz_es_’
Bastu 2016 (3) 43 5 3 1000% 077 (019,319 i insufficient
Subtotal (95% CI) K} | 31 100.0%  0.77[0.19, 3.19]
Tatal events 4 5 power to detect
Heterogeneity: Mot applicable differences in

Testfor overall effect Z= 036 (P =072

1.1.3 600 IU vs 450 IU live birth rates

Lefebrve 20145 (4) 25 180 14 176 100.0% 1.33[0.71, 257 i
Subtotal (95% Cl) 180 176 100.0% 1.33[0.71, 252]
Total events 258 14

Heterogeneity: Mot applicable
Testfor overall effect £=0.88 (F=0.38)

0.02 01 10 &0
) . Favours lower dose  Favours higher dose
Testfor subgroup differences: Chif=1.62, df =2 {F=044), F=0%

Figure reproduced from Lensen SF, et al. Cochrane Database Syst Rev.
2018;2:CD012693.



AFC 8-10
n=277

Individualized versus standard FSH
dosing in women starting IVF/ICSI: an
RCT. Part |: The predicted poor

responder

Theodora C. van Tilborg"*, Helen L. Torrance', Received Received

Simone C. Oudshoorn', Marinus J.C. Eijkemans?, Carolien A.M. Koks®, a_SSIQ_ned dose a_SSIQ_ned dose
Harold R. Verhoeve?, Annemiek W. Nap®, Gabrielle J. Scheffer®, in first cycle in first cycle
A. Petra MangerT, Benedictus C. Schoot®’?, Alexander V. Sluijmerw, n=137 n=140

Arie Verhoeff'', Henk Groen'?, Joop S.E. Laven'?, Ben Willem J. Mol'*'%,
and Frank J.M. Broekmans', on behalf of the OPTIMIST study group’

'Department of Reproductive Medicine and Gynaecology, University Medical Centre Utrecht, Utrecht University, PO Box 85500, 3508 GA
Utrecht, The Metherlands *|ulius Centre for Health Sciences and Primary Care, University Medical Cantre Utrecht, Utrecht University, FO

Box BS500, 3508 GA Utrecht, The Metheriznds *Deparment of Obstetris and Gynaecology, Maxima Medical Centre Veldhoven, PO Bax Incom p|ete FU f Incom p|ete FU
7777, 5500 MBVeldhoven, The Nethertands “Department of Obstatrics and Gynaecology, Onze Lieve Vrouwe Gasthuis Oast, PO Bax

95500, 1190 HM Amsterdam, The Netherlands “Department of Reproductive Medicine, Rijnstate Hospital, PO Box 9555, 6800 TA Arrherm, n= 2 2 ( 1 6 1 0/0 ) n= 1 7 ( 1 2 1 0/0 )
The Nethertands “Dep of Obstetrics and Gelre Haspital, PO Bax 9014, 7300 DS Apedoom, The Netheriands - -
"Department of Obstetrics and Gynaecology, Diakonessenhuis, PO Box 80250, 3508 TG Utrecht, The Netherlands “Department of
Obstetrics and Gynaecology, Catharina Ziekenhuis, PO Bax | 350, 5602 ZA Bindhoven, The Netheriands “Department of Obstetrics and
Gynaecclogy, Uriversity Haspital Gent, 9000 Gent, Belgium '“Department of Gynascology, Wilhelmina Haspital, PO Bax 30001, 9400 RA
Assen, The Netherlands ' Department of Gynaecology. Maasstad Haspital, PO Bax 9100, 3007 AC Rotteram, The Netherands
"*Department of Epidemiclogy, University of Graningen, University Medical Centre Groningen, PO Bax 30.001, 9700 RB Groningen, The
Nethertands "*Department of Obstetrics and Gynaecology, Erasmus Medical Centre, Postbus 2040, 3000 CA Rotterdam, The Netherlands
"*The Rabinson Research Institute, Schoal of Paediatrics and Reproductive Health, Uriversity of Adelaide. SA 5006 Adelide, Australia

"*The South Australian Health and Medical Research Unit, PO Box 11060, SA 5001 Adelide, Australia Included |n the ana|y5|s
n=551

an=I never started ovarian stimulation, n=I never started treatment
AFC, antral follicle count; FU, follow-up. van Tilborg TC, et al. Hum Reprod. 2017;32:2496-505.



Results 18 months follow-up 450/225 IU (n=250) 150 IU (n=260) P-value
Number of fresh cycles per woman 2.1 (0.9) 2.1 (1.1) 0.29
Total number of fresh cycles started 513 558
First cycle 250 (100%) 260/261 (99.6%)
Second cycle 165 (66.0%) 176 (67.7%)
Third cycle ( . ) 87 (33.3%)
Fouth e | | B2528 21 the women who bad an ovu Prck? |27 o
Fifth cycle . J 6 (2.3%)
Sixth cycle 0 9.6% cycle 2 (0.8%) 21.3% cycle
Cancellation classification I:I::I: ana I‘ lSi S cancellation cancellation <0.001¢
No cancellation 464 (90.4%) 444 /557 (79.7%) <0.001¢d
Insufficient growth X 36 (7.0%) 99/557 (17.8%) <0.001¢d
Excessive response 3 (0.6%) 1/557 (0.2%) 0.34¢d
Other 10 (1.9%) 13/557 (2.3%) 0.67¢<d
Number of oocytes? 7.6 (5.0) 6.4 (4.3) 0.002¢
Poor response 178/510 (34.9%) 275/556 (49.5%) <0.001¢
Hyper response 44/510 (8.6%) 19/556 (3.4%) 0.003¢
Number of fresh embryos for transfer? 3.6 (3.1) 3.1 (2.7) 0.04¢
Number of fresh embryo transfers 399 (77.8%) 385/557 (69.1%) 0.005¢
Number of fresh embryos/transfer 1.3 (0.5) 1.3 (0.5) 0.60¢
Number of frozen embryos® 3.0 (2.2) 2.6 (1.7) 0.11¢

aBased on the women who had an ovum pick-up; PBased on the women who had frozen embryos; P-value calculated by
using a generalized estimating equation model; 9Post hoc testing. P-value is considered to be significant when <0.013
(Bonferroni correction [0.05/4]) van Tilborg TC, et al. Hum Reprod. 2017;32:2496-505.



AFC 0-7 AFC 8-10
Results 18 months follow-up (iitﬁg) (:]iol;g) P-value (ﬁislég) (ii%ig) P-value
Number of fresh cycles per woman 2.1 (0.9) 2.1 (1.0) 0.77 2.0 (1.0) 2.2 (1.1) 0.26
Total number of fresh cycles started 236 255 277 303
First cycle 113 (47.9%) 120 (47.1%) 137 (49.5%) 140 (46.2%)
Second cycle 80 (33.9%) 84 (32.9%) 85 (30.7%) 92 (30.4%)
Third cycle 37 (15.7%) 36 (14.1%) 42 (15.2%) 51 (16.8%)
Fourth cycle 6 (2.5%) 12 (4.7%) 12 (4.3%) 15 (5.0%)
Fifth cycle 0 2 (0.8%) 1 (0.4%) 4 (1.3%)
Sixth cycle 0 1 (0.4%) 0 1 (0.3%)
Dose increase between first and second cycle 0/78 (76;'_/6802) <0.001 3/84 (3.6%) (5572_/190/1) <0.001 !

ICSI, intracytoplasmic sperm injection; RR, risk ratio.

Pregnancy data per woman 450/225 IU (n=250) 150 IU (n=260) RR (95% CI) P-value
Ongoing pregnancy resulting in live birth within 18 106 (42.4%) 117 (44.8%) 0.95 (0.78-1.15) 0.29
months of FU ’ ’ ’ ’ ’ ’

STUDY QUESTION: Does an increased FSH dose result in higher cumulative live birth rates in women with a
predicted poor ovarian response, apparent from a low antral follicle count (AFC), scheduled for IVF or ICSI?
SUMMARY ANSWER: In women with a predicted poor ovarian response (AFC <11) undergoing IVF/ICSI, an

increased FSH dose (225/450 IU/day) does not improve cumulative live birth rates as compared to a standard

dose (150 IU/da
S ( /day)

~

J

van Tilborg TC, et al. Hum Reprod. 2017;32:2496-505.
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Oocytes retrieved

Mean Mean
Study or subgroup Mean Difference (SE) Difference Weight Difference
IV Fixed25% Cl IV Fixed25% Cl
1 200 U ws 100 1U
Hoomans 2002 (1) 091 (0.08) & 434 % 091 075 1.07]
Tan 2005 (2) 0.12 (0.07) i 566 % 0.12[-0.02,026]
-

Subrotal (95% CI)
Heterogeneity: Chi2 = 5523, df = | (P<0.00001); I =98%

100.0 % 0.46 [0.36,0.57 ]

Test for overall effect: Z = 8.78 (P < 0.00001)

2 225/200 U vs 150 1U

Significantly higher with 200 IU vs 100 IU

Cavagna 2006 (3) 0.18 (022) S 32% 0.18[-0.25,061]
Harrison 2001 (4) 0.06 {0.06) - 429% 006 [-0.06,0.18]
Out 2004 (5) 0.15 (0.09) — 19.1 % 0.15[-0.03,033]
Van Tilborg 2017 (6) 032 (0.08) - 24.1 % 032[0.16 048]
YongPYK 2003 (7) 023(012) = 107 % 023[-001,047]
Subrotal (95% CI) - 100.0 % 0.16 [ 0.08, 0.24 |

Heterogeneity: ChiZ = 7.14, df = 4 (P = Q.13); P =44%
Test for overall effect: Z = 4.12 (P = 0.000038)

3 300 U ws 235 U
|ayaprakasan 2010 (8)

Subtotal (95% CI)
Heterogeneity: not applicable

003 (0.1)

Test for overall effect: Z = 0.30 (P = 0.76)

Test for subgroup differences: Chi2 = 26.14, df = 2 (P = 0.00), 2 =92%

8-

Significantly higher with 200/ 225 IU vs 150 IU

100.0 %

100.0 %

003[-0.17,023]
0.03 [-0.17,0.23 ]

No significant difference with 225 IU vs 300 IU

SE, standard error.

-1 05 0

Favours lower dose

05 I
Favours higher dose

Table reproduced from Lensen SF, et al. Cochrane Database Syst Rev.

2018;2:CD012693.



Live birth/ongoing pregnancy rate

Study or subgroup Higher dose Lower dose Odds Ratio ‘Weight Odds Ratio
/M /M M-H,Fixed,35% CI M-H,Fixed,95% Cl

1200 1Uwvs 1001V
Hoomans 2002 (1) 25/167 27163 :I 544 % 0.89 [ 049, 1.60]
Tan 2005 (2) 23/95 26197 45.6 % 0.87 [ 046, 1.67 ]
Subtotal (95% CI) 262 260 - 100.0 % 0.88 [ 0.57, 1.36 |

Total events: 48 (Higher dose), 53 (Lower dose)
Heterogeneity: Chi* = Q.00, df = | (P = 0.97); 1> =0.0%
Test for overall effect: Z = Q.57 (P = 0.57)
2 235/200 U vws 150 1U
Wan Tilborg 2017 (3) 27137 271140 ‘.— 100.0 % 1.03[057, 1.86]
—

Subtotal (95% CI) 137 140 100.0 % 1.03 [ 0.57, 1.86 ]
Total events: 27 (Higher dose), 27 (Lower dose)
Heterogeneity: not applicable
Test for overall effect: Z = 0.09 (P = 0.93)
3300 1Uws 225 U
|ayaprakasan 2010 (4) 2067 27/68 _.'|' 100.0 % 065[032, 1.32]
R .

Subtotal (95% CI) 67 68 100.0 % 0.65[0.32,1.32]
Total events: 20 (Higher dose), 27 (Lower dose)
Heterogeneity: not applicable

Test for overall effect: Z = 1.20 (P = 0.23)

Small sample sizes, insufficient power

Test for subgroup differences: Chi? = 097, df = 2 (P = 0.62), 12 =00% to detect differences in live birth rates
005 0.2 | 5 0
Favours lower dose Favours higher dose

Lensen SF, et al. Cochrane Database Syst Rev. 2018;2:CD012693.



Recombinant human follicle-stimulating hormone
produces more oocytes with a lower total dose
per cycle in assisted reproductive technologies
compared with highly purified human
menopausal gonadotrophin: a meta-analysis

Philippe Lehert', Joan C Schertz”, Diego Ezcurra™

hMG r-hFSH Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI .

7 —
Duijkers-95-97 7 3 7 1M1 3 6 37% -400(7.27,-0.73] 1997 Ratio number of ooctes
Jansen-98 83 65 35 112 7 54 45% -290[-575-0.05] 1998 1 000 IU f d t . d
Kornilov-99 129 8 40 144 7 28 3.2%  -1.50[-5.09,2.09] 1999 * g n T Q n
Serhal-00 95 84 144 8.3 84 94 6.1% 1.20 [-0.98, 3.38] 2000 " O O a O O Ose
Gordon-01 106 81 29 102 89 39 27% 0.40 [-3.66, 4.46] 2001
Ng-01 96 81 20 126 89 20 17%  -3.00[-8.27,2.27] 2001 *
Westergaard-01 129 96 189 129 96 190 6.8% 0.00 [-1.93, 1.93] 2001 .
strehler-01 96 81 248 123 89 259 84%  -270[-4.18,-1.22] 2001 T
EISG-02 128 7.3 357 145 85 336 96%  -1.70[-2.88,-0.52] 2002 —— 4 5 39 fOr h M G VS 5 . 1 O fO rr- FS H
Balasch-03 91 435 30 118 45 30 59% -270[-4.94,-046] 2003 —
Kilani-03 79 5 50 68 42 50 7.3% 1.10 [-0.71, 2.91] 2003 e
Rashidi-05 T 6 30 6 5 30 4.6% 1.00 [-1.79, 3.79] 2005 S 1
Andersen-06 105 4 363 118 57 368 11.3%  -1.30[-2.01,-0.59] 2006 — M €an d Iffe rence
Hompes-08 78 5 312 106 5 317 11.0% -2.80[-3.58,-2.02] 2008 — /
Bosch-08 13 6 122 144 81 126 74% -3.10[-4.87,-1.33] 2008 — O . 70 Oocytes 1 / OOO IU
Ruvolo-09 47 29 10 71 32 19 58% -240[470,-0.10] 2000 — ( p — O O 2 1 )
Total (99% Cl) 1986 1966 100.0%  -1.54 [-2.53, -0.56] -
Heterogeneity: Tau? = 1.17; Chi? = 40.44, df = 15 (P = 0.0004); I = 63% t t t t

-4 -2 0 2 4 . 0o

Test for overall effect: Z = 4.02 (P < 0.0001) favours rFSH favours hMG H | g h er d ru g effl clen Cy
Number of oocytes. Number of oocytes for hMG versus r-hFSH in 16 studies (main analysis population, data Wlth r- FSH
reported by study authors for 3,952 patients). Forest tree with mean difference using the random effects model

EISG, The European and Israeli Study Group; hMG, human menopausal gonadotropins; r-hFSH, recombinant
human follicle stimulating hormone. Table reproduced from Lehert P, et al. Reprod Biol Endocrinol. 2010;8:112.



Hyper responder




Individualized versus standard FSH
dosing in women starting IVF/ICSI:
an RCT. Part 2: The predicted hyper
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Ultrasound
AFC
N=15152

Predicted
normal

responders

AFC 11-15
N=483°

Received assigned dose
in first cycle
N=241¢(94.5%)
Other dose in first cycle
N=12

Incomplete FU
N=16 (6.3%)

Received assigned
dose in first cycle
N=263¢(98.9%)
Other dose in first
cycle
N=3

Incomplete FU
N=18 (6.8%)

Oudshoorn SC, et al. Hum Reprod. 2017;32:2506-14.



Results 18 months follow-up 100 IU (n=253) 150 IU (n=266)

Number of oocytes 9.0 (4.9) 11.9 (6.0) <0.001
Poor response 133/459 (29.0%) 68/474 (14.3%) <0.001
Hyper response 48/459 (10.5%) 144/474 (30.4%) <0.001
Number of embryo transfers 349/461 (75.7%) 376/475 (79.2%) 0.219
Number of OHSS events 24/456 (5.2%) 56/474 (11.8%) 0.001
Classification OHSS

Mild 18/456 (3.9%) 40/474 (8.4%) 0.008

Moderate p= 0/456 11/474 (2.3%) 0.001

Severe 6/456 (1.3%) 5/474 (1.1%) 0.712

100 IU (n=255) 150 IU (n=266) RR (95%CTI) P-value

f’er;%?t'i?% ﬁ’r:e”gvneagicr{r‘]”'th'” 18 months of FU 169 (66.3%) 185 (69.5%) 0.953 (0.85-1.07) 0.423

paseline characteristics 100 IU (n=255) 150 IU (n=266)
Age, years 32.0 (4.3) 31.6 (4.5)
AFC, median (IQR) 20.0 (7.0) 21.0 (8.0)
AMH (ng/ml), median (IQR) 3.26 (1.98) 3.00 (1.89)

Would you use the GnRH agonist or
the GnRH antagonist regimen?

RR, risk ratio. Oudshoorn SC, et al. Hum Reprod. 2017;32:2506-14.



GnRH antagonist GnRH agonist

GnRH agonist vs antagonist: OHSS

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 General patients

Albano 2000 2 198 5 a5 1.8% 0.19 [0.04, 0.97]

Badrawi 2005 2 50 2 50 1.3% 1.00 [0.15, 6.82]

Borm Euro org 2000 1" 486 14 244 7.1% 0.39 [0.18, 0.86] -

Cota 2012 2 3z 0 32  05% 5.00 [0.25, 100.20) I
Euro Midd East 2001 4 238 1 119 1.0% 2.02[0.23, 17.85] I

Firouzabadi 2010 3 118 12 17 3.0% 0.25 [0.07, 0.86] e

Fluker 2001 12 208 2 105 22% 3.03 [0.69, 13.28]

Garcia-Velasco 2011 1 118 1 113 0.8% 0.96 [0.06, 15.13)

Hsieh 2008 5 86 5 58 33% 0.67[0.20, 2.23] =

Huirne 2006 2 N 3 a1 1.5% 0.67 [0.11, 3.80] —

Kaoichi 2006 1 63 B 66 1.1% 017 [0.02, 1.41] *

Lee 2005 2 20 2 20 14% 1.00 [0.16, 6.42]

Moraloglu 2008 2 45 4 48 1.8% 0.53[0.10, 2.77] I
Papanikolaou 2012 2 96 1 94 0.9% 1.96 [0.18, 21.23]
Qiac 2012 5 113 7 120 3.7% 0.76 [0.25, 2.32] -

Rabati 2012 6 69 10 67 4.9% 0.58 [0.22, 1.51] T

Rombauts 2008 5 234 B 117 34% 0.421[0.13, 1.34) ™

Serafini 2003 4 107 B 106 3.1% 0.66 [0.18, 2.27] .
Tehraninejad 2011 19 160 26 150 12.6% 0.73[0.42, 1.26) *

Toftager 2016 21 474 35 441 13.4% 0.56 [0.33, 0.94]

Xavier 2005 4 66 1 65 1.0% 3.94 [0.45, 34.31] -
Ye 2008 3 109 2 111 1.5% 1.53 [0.26, B.96]

Subtotal (95% CI} 3169 2429 T1.3% 0.63 [0.50, 0.81]

Total events 118 151

Heterogeneity: Tau® = 0.00; Chi* = 20.68, df = 21 (P =0.48), F = 0%
Test for overall effect: Z = 3.66 (P = 0.0003)

1.5.2 Women with PCOS

Bahceci 2005 3 73 5 75 24%
Haydardedeoglu 2012 5 150 6 150  3.4%
Hosseini 2010 16 57 13 55 121%
Hwang 2004 2 27 2 29 1.4%
Kim 2012 1 106 B 105 1.1%
Kurzawa 2008 0 ar 2 ar 0.5%
Lainas 2007 3 26 20 52 3.7%
Lainas 2010 5 110 6 110 3.5%
Tehraninejad 2010 0 48 15 47 0.6%
Subtotal (95% CI) 634 660 2B.7%
Total events 35 B2

Heterogeneity: Tau® = 0.26; Chi* =12.97, di = 8 (P=0.11); ¥ = 38%
Test for overall effect: Z=2.15 (P = 0.03}

Total (85% CI) 3803 3089 100.0%
Total events 153 233

Heterogeneity: Tau? = 0.02; Chi* = 32.01, df = 30 (P =0.37); F = 6%

Test for overall effect: Z = 4,05 (P < 0.0001)

Test for subgroup differences: Chi* =0.31, df =1 (P = 0.58), F=0%

0.62 [0.15, 2.49)
0.83 [0.26, 2.67)
086 [0.49, 1 51)
1.07 [0.16, 7.10)
012 [0.02, 0.97]
0.20 [0.01, 4.03)
030 [0.10, 0.92)
0.83 [0.26, 2.65]
0.03 [0.00, 0.51]
0.53 [0.30, 0.95]

0.63 [0.51, 0.79]

00

Table reproduced from Lambalk CB, et al. Hum Reprod. Update 2017;23:560-79.
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Mild stimulation

ISMAAR definition?
» Use of lower doses and/or a shorter duration of gonadotropin OR

« Use of oral anti-oestrogens or aromatase inhibitors alone or in combination
with gonadotropin AND

« GnRH antagonist
« Aiming for 2-7 oocytes

ICMART definition?2
« A protocol by which ovaries are stimulated with the intention of limiting the
number of oocytes

ICMART, International Committee for Monitoring Assisted Reproductive Technologies; 1. Nargund G, et al. Hum Reprod. 2007;22:2801-4;
ISMAAR, International Society for Mild Approaches in Assisted Reproduction 2. Zegers-Hochschild F, et al. Hum Reprod. 2017;32:1786-801.



Mild stimulation: general patients

CC or Ltz +gn +antagonist GnRHanalogue+gn Risk Ratio

Risk Ratio

Live birth Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 Clomiphene citrate + gonadotropins + antagonist vs. agonist protocol.

Harrison 1554 12 S0 25 100 29.9% 096 [0.53, 1.75]

kingsland 1992 a T 15 e 27 1% 0.59[0.28, 1.27]

Lin 200& 22 &0 21 60 3T TR 1.05 [0.65, 1.69]

Long 15585 4 =4 H 1= 5.2% 1.411[0.34, 5.85]

Subtotal (95% CI) 221 272 100.0% 0.92 [0.66, 1.27]

Tatal ewvents 47 &4

Heterogeneity, ChiZ = 1.93, df = 3 (P = 0.591; F = 0%
Test for overall effect: 2 = 0.52 (F = 0.60)

1.1.2 Clomiphene citrate + gonadotropins + antagonist vs. antagonist protocol
Subtotal (95% CI) 0 0

Total ewents e} 0

Heterogeneity, Mat applicable

Test for overall effect; Mot applicable

Not estimable

1.1.3 Letrozole + gonadotropins + antagonist vs. agonist protocol
Subtotal (95% Cl) 0 0
Total ewvents o] o]
Heterogeneity. Mot applicable

Test for owverall effect: Mat applicable

Not estimable

1.1.4 Letrozole + gonadotropins + antagonist vs. antagonist protocol
Subtotal (95% CI) 0 0
Tatal ewvents 8] o]
Heterogeneity. Mot applicahle

Test far owerall effect: Mot applicable

Not estimable

Total (95% CI) 221 272 100.0% 0.92 [0.66, 1.27] &
Tatal ewvents 47 &4

i i = = = P = I } } |
Heterogeneity, Chi® = 1,93, df = 3 (P = 0.55); IF = 0% o1 ol o oo

Test for overall effect: £ = 0.52 (P = 0.60)

) : CC or Ltz +gn+antagonist GnRH analogue +gn
Test for subgroup differences: Mot applicable

Table reproduced from Kamath MS, et al. Cochrane Database Syst Rev.

CC, clomiphene citrate; Ltz, letrozole; M-H, Mantel-Haenszel. 2017;11:CD008528.



Mild stimulation: poor responders

Live birth

CC or Ltz +Gnzxantagonist GnRH analogues+ gn
Study or Subgroup Events Total Events Total Weight

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

2.1.1 Clomiphene citrate + gonadotropin + antagonist vs. agonist protocol

Fagni 2012 - 148 7 156 7Fre%
Subtotal (95% CI) 148 156 77.6%
Total events 5 7

Heterogeneity: Mot applicable
Test for overall effect; 2 = 0,43 (P = 0.&62)

2.1.2 Clomiphene citrate + gonadotrophin + antagonists vs. antagonist protocol
Subtotal (95% CI) 0 0

Total events o] o]

Heterageneity, Nat applicable

Test for owverall effect; Mot applicable

2.1.3 Letrozole + gonadotrophin + antagonist vs. agonist protocol
Subtotal (95% CI) 0 0
Taotal events 0 0
Heterogeneity: Mot applicable

Test for owerall effect: Mot applicatle

2.1.4 Letrozole + gonadetropin + antagonist vs. antagonist protocol

Lee 2012 5 26 2 27
Subtotal (95% CI) 26 27
Total events 5 2
Heterogeneity. Mot applicable

Test for overall effect: 2 = 121 (P = 0.22)

22.4%
22.4%

Total (95% CI) 174 183 100.0%

Total events 1a 2]
Heterogeneity, Chi? = 1.61, df = 1 (P = 0.21); I* = 38%
Test for owerall effect: 2 = 0.34 (F = 0.73)

0.75 [0.24, 2.32] — B
0.75 [0.24, 2.32] .
Not estimable
Not estimable
2.60[0.55, 12.22] —_——
2.60 [0.55, 12.22] Q-
1.16 [0.49, 2.79] i
0.01 0.1 10 100

CC or Ltz £gn+antagonist GnRH analogue + gn

Table reproduced from Kamath MS, et al. Cochrane Database Syst Rev.
2017;11:CD008528.



Mild stimulation: OHSS

CC or Ltz +gn+antagonist GnRHanalogue+gn Peto Odds Ratio

Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
1.2.1 Clomiphene citrate = gonadotropins + antagonist vs. agonist protocol
Crochowski 19493 Q 164 5 160 1z.6% 012 [0.02, 0.75] —_—
Karimzadeh 2010 Q 113 & 116 1&.2% 0,13 [0.03, 0.64] —_—
Lin 200& 1 50 Ed G0 10.7% 036 [0.05, 2.61] —
Weigert 2002 4 154 12 140 41.7% 031[0.11, 0.86] ——
Subtotal (95% CI) 497 476 B2.2% 0.23 [0.11, 0.47] -l
Tatal events 5 26
Heterageneity Chi® = 1.51, df = 2 (P = 0681 17 = 0%
Test for owerall effect; 2 = 4,01 (P <« 0.0001)
1.2.2 Clomiphene citrate + gonadotropins + antagonist vs. antagonist protocol
Subtotal (95% CI) 0 0 Not estimable
Tatal ewvents Q Q
Heterogeneity: Mot applicable
Test for overall effect: Mot applicahle
1.2.3 Letrozole + gonadotropins + antagonist vs. agonist protocol
Subtotal (95% CI) 0 0 Not estimable
Total events o] o]
Heterogeneity. Mot applicable
Test for overall effect: Mot applicahle
1.2.4 Letrozole + gonadotropins + antagonist vs. antagonist protocol
Mukherjee 2012 o] 42 7 52 17.8% 014 [0.03, 0.68] s —
Subtotal (95% CI) 42 52 17.8% 0.14 [0.03, 0.68] —e i
Tatal events Q 7
Heterogeneity, Mot applicable
Test for overall effect; 2 = 2,46 (P = 0.01)
Total (95% CI) 539 528 100.0% 0.21 [0.11, 0.41] il
Tatal events 5 23
i i2 BT i Il ! 1
Heterogeneity, Chic = 180, df = 4 (P = 0.77); |1 = 0% S o1 o 1o 00

Test for owverall effect; 2 = 4,67 (P < 0.00001)
Test for subgroup differences: Chi? = 0.29, di = 1 (P = 0.59), ' = 0%

CC or Ltz+gn+antagonist GnRH analogue+gn

Table reproduced from Kamath MS, et al. Cochrane Database Syst Rev.

2017;11:CD008528.



Conclusions (1)

- Number of oocytes retrieved is an important prognostic
variable in IVF

« non-linear association between oocyte number and live birth following FRESH
IVF

» higher cumulative live birth rates with increasing oocyte numbers

« Increased risk of OHSS with >20 oocytes; higher threshold
with GnRH antagonist £+ GnRH agonist trigger * freeze all
strategy

« Understanding important associations between ovarian
response, oocytes retrieved and IVF outcomes is useful for
planning ovarian stimulation regimens



Conclusions (2)

Gonadotropin dose: 225 IU daily for normal responders;
<150 IU daily for hyper responders

No benefit from gonadotropin dose >300 IU/ day

No standardised regimen for mild stimulation
* not an outcomes-based definition
« lack of evidence for oocyte numbers 2-7
* no cost-effectiveness studies for collective clinical end points - LBR, CLBR, OHSS

Individualised FSH dosing ensures safety and efficacy in ART



Thank you




