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Résume

Une école de médecine célebre fut fondée dans la ville antique d'Alexandrie durant le troisiéme siécle av. J.-C. Bien qu’en
majorité d’essence grecque et professant I'enseignement d’Hippocrate, cette école était fortement influencée par les
pratiques médicales de I'ancienne Egypte. L’anatomie y était particulierement avancée grace a la possibilité d’effectuer
des dissections du corps humain. Les plus importants médecins alexandrins étaient Hérophile et Erasistrate. De nom-
breux médecins gradués de cette école voyageérent et exercérent la médecine d’un bout a I'autre du bassin méditerra-
néen. Galien, le célebre médecin romain, avait étudié a Alexandrie avant d’exercer a Rome. Ses enseignements et ses
écrits ont survécu jusqu’a une période avancée dans le 16e siécle et formérent la base de pratiques médicales plus
modernes durant la Renaissance. Ces écrits furent conservés, en partie, par des moines chrétiens et en partie, par des
érudits arabes et juifs du Moyen Age. L'école de médecine d’Alexandrie était encore active tard dans le troisiéme siécle
apr. J.-C. Toutefois, elle glissa lentement dans I'oubli aprés I'incendie de 389 apr. J.-C. qui détruisit aussi la célébre
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The uterus (after Soranos of Ephesus)
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First IVF baby — 25 July 1978

>6 million babies
born by IVF and
related techniques

Birth Watch -
*_inBritain

Meet Louise, the world’s
first test-tube arrival
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Results of ART in the USA in 2011

Number of fresh ART cycles reported in 2011 101,213
Number of pregnancies 36,266

Number of live-birth deliveries 29,598
Pregnancy rate per retrieval 35.8 %

Live birth rate per retrieval 29.2 %

Rate of ectopic pregnancy 0.7 %

SART, National Summary Report, CDC, Atlanta, Georgia, 2014
http://www.cdc.qov/art/ART2011



http://www.cdc.gov/art/ART2011

Cumulative pregnancy rate after 3 IVF cycles

De Mouzon et al, 1998
Ubaldi et al, 2004 (>38 years)
Check et al, 2002
Schroder et al, 2004
Engmann et al, 1999
Shulman et al, 2002 (testicular sperm)
Olivius et al, 2002
Ubaldi et al, 2004 (<38 years)
Shulman et al, 2002 (ejaculated sperm)
Lurie et al, 2001

CPR
24.4 %
42.8 %

44 %
53.3%
57.8 %
61.8 %
65.5 %

74 %
80.44 %

88 %




Poor ovarian reserve
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Ovarian reserve as a guide for ovarian stimulation

1. What is ovarian reserve?



Ovarian reserve

Literally, ovarian reserve refers to the number and quality of
oocytes remaining in the ovaries of a woman at a given time.

It is thought to reflect her potential for becoming pregnant and
producing (an) offspring(s).
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True and functional ovarian reserve

(A) True ovarian reserve

* Reflects the resting pool of follicles in the ovary
® Can only be determined by histological examination

(B) Functional ovarian reserve (ovarian response)

® Reflects the response of the ovary to stimulation
® Can be measured by the currently available tools

Findlay JK, Hutt KJ, Hickey M, Anderson RA. What is the "ovarian reserve"?
Fertil Steril 2015,103:628-630




Ovarian response

Ovarian response

Y

Adequate

A 4

Excessive




Ovarian response to stimulation

®* Number of growing follicles in response to stimulation
®* Amount of estradiol secreted by the follicles
®* Number of oocytes retrieved (integral number = best indicator)
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Evaluating strategies for improving ovarian
response of the poor responder undergoing
assisted reproductive techniques

Eric S. Surrey, M.D., and William B. Schoolcraft, M.D.

Colorado Center for Reproductive Medicine, Englewood, Colorado

Objective: To assess the efficacy of various controlled ovarian hyperstimulation (COH) regimens in the prior
poor-responder patient prepaning for assisted reproductive techniques.

Design: English-language literature review.
Patient(s): Candidates for assisted reproductive techniques who had been defined as having a prior sub-
optimal response to standard COH regimens.

Intervention(s): A vanety of regimes are reviewed. including increased gonadotropin doses. change of
gonadotropins. adjunctive growth hormone (GH). luteal phase (long) GnRH agonist (GnRH-a) initiation, early
follicular phase (flare) GnRH-a imitiation, low-dose luteal phase (ultrashort) GnRH-a initiation, progestin
pretreatment. and microdose flare GnRH-a mitiation.

Main Outcome Measure(s): Maximal serum E, levels. follicular development. dose. and duration of
gonadotropin therapy. cycle cancellation rates, oocytes retrieved. embryos transferred. and cliical and

. posed. those that seem to be more uniformly
beneficial are microdose GnRH -a flare and late luteal phase initiation of a short course of low-dose GnRH-a
discontinued before COH.



Defining poor responders

An objective definition for “poor responders”

As clinical pregnancy is the aim of assisted reproduction, the
definition of “poor responders” should be based on the
number of oocytes retrieved below which the clinical
pregnancy rate is significantly diminished.

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005
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ABSTRACT: Objective—The aim of this study was to establish an objective definition of “poor responders” for
patients undergoing treatment with assisted reproduction. Methods—A total of 782 infertile couples treated
with assisted reproduction were studied by retrospective analysis of the data. Simple linear regression was per-
formed between the number of oocytes retrieved and the clinical pregnancy rate. The sensitivity and speci-
ficity were then calculated and the receiver-operator characteristic (ROC) curves were drawn in order to deter-
mine a critical number of oocytes retrieved below which the clinical pregnancy rate was significantly dimin-
ished. Results—An excellent correlation was found between the number of oocytes retrieved and the clinical
pregnancy rate (r = 0.90). The clinical pregnancy rate started to become significantly lower when fewer than
5, 6, and 8 oocytes were retrieved from patients treated with ICSI, IVF, or TeSE/ICSI, respectively.
Conclusions—The definition of poor responders in assisted reproduction depends on the treatment modality.
Poor responders are patients undergoing treatment with ICSI, IVF or TeSE/ICSI from whom fewer than 5, 6,
or 8 oocytes are retrieved, respectively. Int J Fertil 50(3):00-00, 2005



Study population

Procedure Cycles Pregnancies -

|CSI 23.3%
IVF 110 30 27.3%
TeSE/ICSI 78 18 23.1%
Total 754 180 23.9%

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




10 15 20

Number of oocytes retrieved

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




ROC curve for ICSI patients

Number of oocytes retrieved in ICSI patients

Criterion Value >5
Sensitivity= 7 8%

Specificity= 4 3.4%
AUC= 0.65

40 60
100-Specificity

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




ROC curve for IVF patients

Number of oocytes retrieved in IVF patients

Criterion Valu e >6
Sensitivity= 8 6-7%
Specificity=4 1.5%
AUC =0.62

40 60 80
100-Specificity

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




ROC curve for TESE/ICSI patients

Number of oocytes retrieved in TESE/ICSI patients
100

Criterion Valu e >8
Sensitivity= 7/ 7.8%
Specificity= 6 6.7%
AUC= 0.77

40 60
100-Specificity

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




Definition of poor responders

The definition of poor responders in assisted
reproduction is related to the procedure performed.
“Poor responders” should be defined as those from

whom less than 5, 6 and 8 oocytes are retrieved when
performing ICSI, IVF or TeSE/ICSI, respectively

Sallam et al, Int J Fertil Womens Med 50(3): 115, 2005




Reference values for poor response

Sallam et al, 2005 754 5
van der Gaast et al, 2006 7422 4
Drakopoulos et al, 2016 1099 4
Polyzos et al, 2018 14469 7

* Sallam et al. Int J Fertil Womens Med 2005,;50:115-120.
* van der Gaast et al. Reprod Biomed Online 2006;13:476-480.
* Drakopoulos et al. Hum Reprod 2016,;31:370-376.
* Polyzos et al. Fertil Steril 2018;110:661-670




Reference values for hyper-response
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Magnusson et al. Hum Reprod 2018;33:58-64.




Reference values for hyper-response
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Reference values for hyper-response

Magnusson et al analyzed data of 77956 fresh IVF cycles from
the National Swedish Registry and found that the incidence of
severe ovarian hyperstimulation syndrome (OHSS) increased
significantly if more than 18 oocytes were retrieved

No uniform agreement on this high reference value has
been adopted but traditionally, this is usually taken as
15 oocytes

Magnusson et al. Hum Reprod 2018,;33:58-64.




Ovarian reserve as a guide for ovarian stimulation

2. Can we predict ovarian response?



Prediction of ovarian response

(A) Dynamic tests
(B) Static markers



Dynamic tests for prediction of ovarian response

1. Gonadotrophin agonist stimulation test (GAST)
2. Exogenous FSH ovarian reserve test (EFORT)
3. Clomiphene citrate challenge test (CCCT)



agonist

Inject 100 pug GnRH
agonist in early
follicular phase

Measure serum E2
and/or inhibin B
before and after

Galtier-Dereure et al. Hum
Reprod. 1996
Jul;11(7):1393-8.
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Inject 300 IU of
rFSH in early
follicular phase

Measure serum E2
and/or inhibin B
before and after

Fanchin et al. Hum
Reprod.1994
Sep;9(9):1607-1




X .
- Give 100 mg/day of
Clomiphene citrate
from days 5to 9
X
- Measure serum FSH
before and after

Tanbo et al. Fertil Steril.
1992 Apr;57(4):819-24
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Static markers of ovarian reserve

* Age of the female partner

® Basal serum FSH

® Basal serum Inhibin B

* Antral follicle count (AFC)

® Anti-Mdllerian hormone (AMH)
® Qvarian volume

®* Combination of markers




Predictors of ovarian reserve (<4 oocytes) and cut-off
values

AMH =1.36 ng/ml

FSH=7I1U/L

Inhibin B = 49.4 pg/ml

Age = 36 years
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Al-Azemi et al. Hum Reprod.2011 Feb;26(2):414-22




Predictors of clinical pregnancy and cut-off values

AMH = 1.76 ng/ml \
FSH = 6.8 IU/L \

Inhibin B = 53.2 pg/ml w
E
Age = 35 years £
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Al-Azemi et al. Hum Reprod.2011 Feb;26(2):414-22




AFC to predict ovarian response

03/17/00 11:26:07
GYN NT26.5

11712701 11:28:53
F CHICAGO JAFE 3Ch
. GYN

03/20/00 10:27:28
GYN NT28. S

Kwee et al, RBEJ 5:9, 2007




AFC to predict poor responders

Total AFC Specificity Accuracy

<4 0.21 0.99 0.86 0.78
<5 0.28 0.99 089 0.80
<6 0.41 0.95 0.75 0.89
<7 0.69 0.80 0.56 0.77
<8 0.76 0.74 0.51 0.75

Kwee et al, RBEJ 5:9, 2007




AFC to predict high responders

Total AFC Specificity Accuracy

<10 0.94 0.71 0.36 0.76
<12 0.88 0.80 0.44 0.81
<14 0.82 0.89 0.58 0.88
<16 0.47 0.96 0.67 0.88
<18 0.29 0.98 0.71 0.87

Kwee et al, RBEJ 5:9, 2007




AFC versus AMH to predict poor response

Accuracy Poor Response prediction
1

0,9 -
5 -
0,7 4
0,6 -

0,5

Sensitivity

L
4 -

0,3 -

0 01 02 03 04 05 06 07 08 09 1
1 - Specificity

Broer et al, Fertil Steril 91: 705, 2009




AFC v/s AMH to predict hyper-response

0.8 |

0.6 4
g
»
=
“I_}
7]
&
0.4 4
0.2 | ®
sassees AMH Summary ROC curve AFC Summary ROC curve
A AMH Observed SensSpec @ AFC Observed SensSpec
B AMIH Summary Point estimate M  AFC Summary Point estimate
______ AMH Point estimate 95% CI —-—-— AFC Point Estimate 95% CI

T T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1-Specificity (False Positive Rate)
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Ovarian volume

t:m3 +2SD
10.0

6.3f mean
LOF
25t -25D
1.6F
1.0
06
0.4
0.3+

0.2r
0 -

7 10 13 17 years

Fig. 1 Ovarian volumes (mean + 2 SD) calculated
after logarithmic transformation.

Ivarsson et al, Arch Dis Child 58, 352, 1983




3-D U/S in obstetrics and gynaecology
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Ovarian volume to predict OHSS

—m:s-m

No. of patients

Days of stimulation 10.5+2.5 10.5+18 NS
Oestradiol (pg/ml) 2439 + 1350 937+686  0.0001
No. of follicles 23.3+4.3 13.8+7.5 0.0025
No. of oocytes 164 £ 26 59%£30 0.0001
Cycle length 34.1+5.8 287122 0.0001

Body wt before stimulation 55.4+3.8 62.8+11 0.011
Body wt after stimulation 543 %45 62.9+10.7 0.03
Ovarian volume (ml) 13.2 £5 89 £3.7 0.035

Danninger et al, Hum Reprod 11: 1597, 1996




Combining markers for prediction of ovarian reserve
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Combining markers for predicting clinical pregnanc
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ESHRE Bologna consensus for defining of poor responders
(2011)

At least 2 of the following 3 criteria:

e Advanced maternal age (=>40 years)
e A previous poor ovarian response (<=3 oocytes)

® An abnormal ovarian reserve test (i.e. AFC<5-7 follicles
or AMH <0.5-1.1 ng/ml)

Ferraretti et al, Hum Reprod 26(7):1616-1624, 2011




Criticism of the Bologna consensus on the definition of
poor ovarian response

1. Itis not evidence-based (no ROC curves and the use of
arbitrary cut-off points)

2. It confuses the aim with the means (i.e. using the markers of
the response to define the response — not using the markers
to predict the response)

Sallam et al. Hum Reprod. 2012 Feb;27(2):626-7;




Ovarian reserve as a guide for ovarian stimulation

3. Using ovarian reserve predictors to choose the
appropriate stimulation protocol and/or the starting
dose of FSH



Algorithms to choose the appropriate protocol or
determine the starting dose of FSH in poor responders

&

Nelson (2013) AMH and/or AFC

Popovic-Todorovic et al (2003)  AFC, ovarian volume, Power

Doppler, age and smoking
habits

CONSORT algorithm (Olivennes FSH, BMI, age and AFC
et al, 2009)

La Marca and Sunkara (2014) Age + (AFC or AMH)

POSEIDON algorithm (Haahret Age, AFC, AMH and previous
al, 2018) pOOr ovarian response



Nelson algorithm (normogram) for choosing ovarian
stimulation protocol

AFC AMH Treatment
strategy
Antagonist Control
Agonist Trigger
SO R esponse [
P Antagonist Control
o4 90 HCG Agonist Trigger
— 10 - —

e |
Negligible Flare Agonist /

oocyte donation

Nelson. Fertil Steril. 2013 Mar 15,99(4):963-9.




Popovic-Todorovic normogram (algorithm) for
determining FSH starting dose

Table VIL rFSH dosage normogram
Total number of antral follicles <10 mm FSH score *SH starting
day 2-5 IU/day dose
<15 90
15-25 60
>25 50
Total ovarian volume day 2-5 Score
<9 ml 90
9-13 ml 60
>13 ml 50
Total Doppler score day 2-5 Score
2-3 30
4 20
5 10
6 0
Age (years) Score
>35 20
>30 - =35 10
= 30 0
Smoking habits cigarettes/day Score
>10 20
=10 10
Non smoker 0
Total FSH score (sum of scores) same
as dose IU/day

Popovic-Todorovic et al. Hum Reprod 2003;18:781-787.




The CONSORT algorithm using FSH, BMI, age and AFC to
determine rFSH starting dose

@n[ine - Vol 18 No 2. 2009 195-204 Reproductive BioMedicine Online; www.rbmonline.com/Article/3608 on web 4 December 2008

Article

Individualizing FSH dose for assisted

reproduction using a novel algorithm: the
CONSORT study

Francois Olivennes attended medical school in Paris and then studied for his PhD in Biology
of Reproduction at the University Pierre et Marie Curie in Paris. Following a fellowship under
Pr Zev Rosenwaks in Cornell Medical College in New York, he returned to work in France.
He was successively medical director of the french ART units in A. Beclere Hospital in
Clamart with Rene Frydman and in Cochin Hospital in Paris. He is now coordinator of the
private IVF centre of Eylau La Muette in Paris. He was a member of the ESHRE executive
comittee from 2003 to 2007. His research interests include obstetric and peadiatric outcome
of IVF, development of ovarian stimulation protocols and prevention of IVF complications.

Dr Francois Olivennes

F Olivennes™4?, CM Howles?#, A Borini*%, M Germond*#, G Trew*#, M Wikland®#, F Zegers-Hochschild’#, H Saunders?%,
V Alam?#
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La Marca and Sunkara algorithm for choosing ovarian
stimulation protocol

AMH pmol/L Suggested treatment AMH pmoUL

Suggested treatment
. expected high response |  GnRH

. antagonist +
| xpected high response | . . 1501U FSH
antagonist +
1501U FSH

expected normal response | GnRH

~ Agonist +
2001U FSH
15 15.6
expected normal response |GnRH

agonist+ -
955 FSH expected poor response GoRH
Antagonist +
i 300IUFSH
expected poor response | GnRH

antagonist+ 300
IV FSH 2.2

1

Expected absent response  ModNatCycle Expected absent response  |\/F denied

La Marca A, Sunkara SK. Individualization of controlled ovarian stimulation in IVF using
ovarian reserve markers: from theory to practice. Hum Reprod Update. 2014,20(1):124-40




Nomogram for calculation of the FSH starting dose based
on age, AFC and day 3 serum FSH

dosegram
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Nomogram for calculation of the FSH starting dose based
on age, serum AMH and day 3 serum FSH

dosegram
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POSEIDON classification for individualization of controlled
ovarian stimulation

POSEIDON GROUP 1 POSEIDON GROUP 2
Young patients <35 years with adequate ovarian | | Older patients =35 years with adequate ovarian
reserve parameters (AFC=5; AMH=z1.2 ng/ml) and | | reserve parameters (AFC25; AMHz1.2 ng/ml) and
with an unexpected poor or suboptimal ovarian with an unexpected poor or suboptimal ovarian

fiseinla isla -

: <4 oocytes*
: 4-9 oocytes retrieved*

POSEIDON GROUP 3 POSEIDON GROUP 4

Young patients (<35 years) with poor ouaria Older patients (=35 years) with poor puariap
reserve pro-stilnﬁnn.nag reserve pu-stifilaﬂnn.ptfmo
AMH<1.2 ng/ml) AMH<1.2 ng/ml)

Haahr T Esteves SC, Humaidan P Individualized controlled ovarian stimulation in
expected poor-responders: an update. Reprod Biol Endocrinol. 2018 Mar 9;16(1):20




PIVET algorithm for presumed/expected hyperresponders
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Ovarian reserve as a guide for ovarian stimulation

4. Can we use these algorithms of ovarian response to
improve our clinical results?



CONSORT algorithm v/s no algorithm

The CONSORT algorithm using FSH, BMI, age and AFC to determine rFSH starting dose

CONSORT dosing | Standard dosing

No. oocytes 10.0 (£ 5.6) 11.8 (£ 5.3) <0.05
(Mean £SD)
Implantation 31.3% 31.2% NS
rate
Clinical 36.0% 35.5% NS

pregnancy rate

Live birth rate 27.9% 26.9% NS

Olivennes et al. Reprod Biomed Online. 2015 Mar;30(3):248-57




La Marca and Sunkara nomogram v/s no nomogram

.
2, L
%lm u“'ﬁ

Calculation of the FSH starting dose based on age, serum AMH and day 3 serum FSH

No nomogram Nomogram

(n =99) (n =92)
Fertilization rate 64.6% 65.8% NS
Implantation rate 24.6% 26.4% NS
Clinical pregnancy rate 32.3% 31.5% NS
Mean no (+ SD) 0.31 (+0.68) 0.58 (+1.17) NS

cryopreserved embryos

Allegra et al. Reprod Biomed Online.2017 Apr;34(4):429-438.




Individualization of controlled ovarian stimulation

(ESTHER-1 study) (AMH based) ,‘\

Individualized versus conventional
ovarian stimulation for in vitro
fertilization: a multicenter,
randomized, controlled,
assessor-blinded, phase

3 noninferiority trial

Anders Nyboe Andersen, M.D., Ph.D.,* Scott M. Nelson, M.R.C.O. G Ph.D.,” Bart C. J. M. Fauser, M. D Ph.D.,©
Juan Antonio Garcia-Velasco, M.D., Ph D.“ Bjarke M.Klein, Ph.D., andJDan Carles Arce, M.D., Ph.D.," for the

ESTHER-1 study group

Conclusion(s): Optimizing ovarian response in IVF by individualized dosing results in
similar efficacy and improved safety compared with conventional ovarian stimulation.




ESTHER-1 study (AMH based)

Individualized follitropin delta dosing regimen.

Daily dose®
Serum AMH concentration (fixed throughout
(pmol/L) stimulation)
<15 12 ug
15-16 0.19 uag/kg
17 0.18 ug/kg
18 0.17 ng/kg
19-20 0.16 ug/kg
21-22 0.15 ug/kg
23-24 0.14 ug/kg
25-27 0.13 ng/kg
28-32 0.12 ug/kg
33-39 0.11 ug/kg
>40 0.10 ug/kg
4 Maximum daily dose is 12 ug.

Nyboe Andersen et al. Fertil Steril 2017;107:387-396




ESTHER-1 study (AMH based)

Individualized Conventlonal
stimulation stimulation (95% CI)

On target (8— 43.3% 38.4% 0.019 *
14 oocytes)
Poor response 11.8% 17.9% 0.039 *
(<4 oocytes)
OHSS 2.3% 4.5% 0.005 *
FSH used 90.0 (25.3) 103.7 (33.6) <0.001 *
Oocyte yield 10.0 (5.6) 10.4 (6.5) NS
Blastocyst no. 3.3(2.8) 3.5(3.2) NS

Nyboe Andersen et al. Fertil Steril 2017;107:387-396




ESTHER-1 study (AMH based)

Individualized | Conventional MWD
stimulation stimulation (95% ClI)

Ongoing 30.7% 31.6% -0.9%
pregnancy rate (-5.9% to 4.1%)

Ongoing 35.2% 35.8% -0.6%
implantation rate (-6.1% to 4.8%)

Live birth rate 29.8% 30.7% -0.9%

(-5.8% to0 4.0%)

Nyboe Andersen et al. Fertil Steril 2017;107:387-396




OPTIMIST study (AFC based) (all patients)

Human Reproduction, Vol.32, No.|2 pp. 2485-2495, 2017
Advanced Access publication on November 7, 2017 doi:10.1093/humrep/dex32|

human

reproduction

Individualized FSH dosing based on
ovarian reserve testing in women
starting IVF/ICSI: a multicentre trial
and cost-effectiveness analysis

Theodora C. van Tilborg'™, Simone C. Oudshoorn',

Marinus J.C. Eijkemansz, Monique H. Mochtar’, Ron J.T.van Golde4’5,
Annemieke Hoek®, Walter K.H. Kuchenbecker’, Kathrin Fleischer?®,

Jan Peter de Bruinq, Henk Groen'o, Madelon van Wely3,
I 12 o

AFC-based individualized FSH dosing does not improve live birth
rates or reduce costs as compared to a standard FSH dose.

13,14

the

—

'Deparment of Reproductive Medicine and Gynaecology, University Medical Centre Utrecht, Umrecht University, PO Box 85500, 3508 GA



Individualized versus conventional ovarian stimulation
[OPTIMIST study (AFC based)]
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Individualization of controlled ovarian stimulation in poor
responders [OPTIMIST study (AFC based)]

Human Reproduction, Vol.32, No.|12 pp. 2496-2505,2017
Advanced Access publication on November 7, 2017  doi:10.1093/humrep/dex3 18

human

reproduction

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

responder

Theodora C. van Tilborg'™, Helen L. Torrance',

Simone C. Oudshoorn', Marinus ).C. Eijkemansz, Carolien A.M. Koks3,
Harold R. Verhoeve", Annemiek W. Naps, Gabrielle ). Scheffer",
A.Petra Manger7, Benedictus C. Schoot”, Alexander V. Sluijmer'o,

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 LBR compared to a
standard dose (150 IU/day)

Box 85500, 3508 GA Utrecht, The Netherlands ~“Department of Obstetrics and Gynaecology, Maxima Medical Centre Veldhoven, PO Box




Individualization of controlled ovarian stimulation in poor

responders [OPTIMIST study (AFC based)] e/
S Homan ot
1,0
. . 1 . AFC 0-10
Cumulative live birth rate —T1 standard dose
= a ' |INncrease ose

£ 0,84
£
Ko
2
£ 06
3
£
o
3
S 04-
S
t
o
3
- 0,2 -

0,0 T 1 | | | | T |

0 2 4 6 8 10 12 14 16 18

Time after randomization (months)

Van Tilborg et al. Hum Reprod 2017 Dec 1;32(12):2496-2505




Individualization of controlled ovarian stimulation in
hyper-responders [OPTIMIST study (AFC based)]

Human Reproduction, Vol.32, No.12 pp.2506-2514,2017
Advanced Access publication on November 7, 2017  doi:10.1093/humrep/dex319

human

reproduction

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

responder

Simone C. Oudshoorn"*, Theodora C. van Tilborg',

Marinus J.C. Eijkemans?, G. Jur E. Oosterhuis’, Jaap Friederich?,
Marcel H.A. van Hooff®, Evert ).P. van Santbrink®, Egbert

A. Brinkhuis’, Jesper M.). Smeenk®, Janet Kwee’, Corry H. de

In women with a predicted hyper response (AFC > 15) undergoing IVF/ICSI a reduced FSH
dose (100 IU per day) results in similar cumulative LBRs and a lower occurrence of any
grade of OHSS compared to a standard dose (150 IU/day)

Bepartment OI Reprmcuve lllealcme am CYNBECOE;’. Umversny |5|eaca| Centne UE ec“t. UE Eit Umversuty. FU 5 g;;m. 3555 CK




Individualization of controlled ovarian stimulation in
hyper-responders [OPTIMIST study (AFC based)]
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Individualization of controlled ovarian stimulation in
hyper-responders [OPTIMIST study (AFC based)]

Individualized | Conventional

stimulation stimulation

O':I”S?Z\z:ti 24/456 (5.2%) (51(;/. g;j 0.001 *
Mild  18/456(3.9%) 40/474(8.4%)  0.008 *
Moderate 0/456 11/474 (2.3%)  0.001 *
Severe 6/456 (1.3%) 5/474 (1.1%) 0.712

Oudshoorn et al. Hum Reprod. 2017 Dec 1;32(12):2506-2514




Individualized versus conventional ovarian stimulation
in anticipated low responders (Cochrane review)

Higher dose Lower dose

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl

Odds Ratio
M-H, Fixed, 95% CI

1.1.1 300/450 lUvs 150 IU

Klinkert 2005 (1) 1 26 2 26 13.5%
Yan Tilhorg 2017 (2) 10 113 14 121 B865%
Subtotal (95% Cl) 139 147 100.0%
Total events 11 16

Heterogeneity: Chi*=0.11,df=1 (P=0.74); F=0%
Test for overall effect. Z=0.84 (P = 0.40)

1.1.2 400/450 IU vs 300 IU

Bastu 2016 (3) 4 31 g 31 100.0%
Subtotal (95% Cl) 31 31 100.0%
Total events 4 4]

Heterogeneity: Mot applicable
Testfor overall effect. Z=036{(P=0.72)

1.1.3 600 Uvs 450 1U

Lefebrve 2015 (4) 25 180 19 176 100.0%
Subtotal (95% CI) 180 176 100.0%
Total events 258 19

Heterogeneity: Mot applicable
Test for overall effect: Z=0.88 (P = 0.38)

0.45 [0.04, 5.65]

0.74[0.32,1.79]
0.71[0.32, 1.58]

0.77[0.19,2.19]
0.77 [0.19, 3.19]

1.33[0.71, 2.52]
1.33[0.71, 2.52]

Live birth or ongoing pregnancy

t

—

B 8

0.02 0.1 1

10 50

Favours lower dose Favours higher dose

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693




Individualized versus conventional ovarian stimulation
in anticipated normal responders (Cochrane review)

Higher dose Lower dose Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.12001Uvs 100 IU
Hoomans 2002 {1) 25 167 27 163 54.4% 0.89[0.49, 1.60]
Tan 2005 (2) 23 95 26 97  456% 0.87 [0.46, 1.67]
Subtotal (95% CI) 262 260 100.0%  0.88[0.57, 1.36]
Total events 48 53

Heterogeneity: Chi*=0.00, df=1 {(P=097), F=0%
Test for overall effect: Z=0.57 (P=0.57)

2.1.2 225/200 lUvs 150 IU

Yan Tilborg 2017 (3) 27 137 27 140 100.0% 1.03 [0.57, 1.86]
Subtotal (95% CI) 137 140 100.0% 1.03 [0.57, 1.86]
Total events 27 27

Heterogeneity: Not applicable
Test for overall effect: Z=0.09 (P =0.93)

2.1.33001Uvs 2251U

Jayaprakasan 2010 (4) 20 67 27 68 100.0% 0.65[0.32,1.32] 1—
Subtotal (95% Cl) 67 68 100.0%  0.65[0.32, 1.32]
Total events 20 27

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

. . . :0.05 0?2 1 é 20:
L|Ve b|rth or Ong0|ng pregnancy Favours lower dose Favours higher dose

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693




Individualized versus conventional ovarian stimulation
in anticipated hyper responders (Cochrane review)

Live birth or ongoing pregnancy

Higher dose Lower dose Odds Ratio Odds Ratio
Study or Subgroup Events Total BEvents Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
3.1.11501Uvs 100 IU
QOudshoorn 2017 (1) 67 266 65 255 100.0% 0.98 [0.66, 1.46]
Subtotal (95% CI) 266 255 100.0%  0.98 [0.66, 1.46]
Total events 67 65

Heterogeneity: Not applicable
Test for overall effect: Z=0.08 (P = 0.94)

0.01 0.1 1 10 100

’ ; Favours lower dose Favours higher dose
Test for subgroup differences: Not applicable

Lensen et al. Cochrane Database Syst Rev 2018 Feb 1;2:CD012693




Ovarian reserve as a guide for ovarian stimulation

5. What does the future hold?



Genetic markers of ovarian response

Single nucleotide polymorphism (SNP) of:

® FSH receptor (FSHR, rs6166) (Yao et al, 2011)

® FSH receptor (FSHR, rs1394205) at position —29 (Achrekar et
al, 2009)

® LH receptor SNPs (LHCGR, rs2293275 and LHCGR, rs12470652)

(O’brien et al, 2013; Lindgren et al, 2016; Alviggi et al,
2016b)

* Yooetal Mol Genet Metab 2011;103:388—-393
* Achrekar et al. Reprod Biomed Online 2009;18:509—515
« O’ b retialeReprod Biol Endocrinol 2013;11:71
* Lindgren et al. Hum Reprod 2016,31:672—683
* Alviggi et al. Hum Reprod 2016;31:i1—i513




Single nucleotide polymorphism (SNP)




Single nucleotide polymorphism (SNP) _
K\

® Patients with FSHR or LHR single nucleotide polymorphism

(SNPs) are hypo-responders

® Contrary to poor-responders, ‘hypo-responders’ have a good
prognosis for ART in terms of basal characteristics and ovarian
reserve, but require a higher-than-expected dose of
gonadotrophins and more prolonged stimulation to obtain an
adequate number of oocytes (Alviggi et al, 2013)

Alviggi et al. Reprod Biol Endocrinol 2013;11:51




FSH consumption in relation to FSHRrs1394205)
genotype carriers

e
L
A GG AA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Achrekar 2009b 2,557.48 184.84 16 3,069.49 194.2 7 33.1% -512.01 (-682.01, -342.01) 2009 —
Desai 2011 2,492.55 154.3 47 4,563.64 271.53 11 33.2% -2071.09 [-2237.50, -1904.68] 2011 ¢
Tohlob 2016 1,700 230 279 3,000 250 S1 33.7% -1300.00(-1373.73,-1226.27) 2016 ¢
Total (95% CI) 342 69 100.0% -1294.61 [-1996.14, -593.08] e
Heterogeneity: Tau? = 378979.04; Chi’ = 165.01, df = 2 (P < 0.00001); I> = 99% L t t i
Test for overall effect: Z = 3.62 (P = 0.0003) -1000 -500 0 500 1000
Favours [GG] Favours [AA]
B AG AA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Achrekar 2009b 1,764.81 141.3 27 3,069.49 194.2 7 33.2% -1304.68 [-1458.10,-1151.26) 2009 ¢
Desai 2011 3,265.48 239.23 42 4,563.64 271.53 11 33.0% -1298.16 [-1474.18,-1122.14) 2011 ¢
Tohlob 2016 2,550 220 229 3,000 250 51 33.7% -450.00 [-524.29, -375.71) 2016 -
Total (95% CI) 298 69 100.0% -1014.36 [-1664.61, -364.11]) e
Heterogeneity: Tau’ = 325020.48; Chi’ = 147.53, df = 2 (P < 0.00001); I’ = 99% F t t i
Test for overall effect: Z = 3.06 (P = 0.002) -1000 =500 0 500 1000
Favours [AG] Favours [AA]
C GG AG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Achrekar 2009b 2,557.48 184.84 16 1,764.81 141.3 27 33.3% 792.67 (687.58, 897.76] 2009 —
Desai 2011 2,492.55 154.3 47 3,265.48 239.23 42 33.3% -772.93[-857.67,-688.19] 2011 —-
Tohlob 2016 1,700 230 279 2,550 220 229 33.4% -850.00([-889.25, -810.75] 2016 L
Total (95% CI) 342 298 100.0% -277.84 [-1145.28, 589.60]
Heterogeneity: Tau? = 585920.10; Chi’ = 830.65, df = 2 (P < 0.00001); I’ = 100% ' t T f i
Test for overall effect: Z = 0.63 (P = 0.53) -1000 -500 0 500 1000

Favours [GG] Favours [AG)

Alviggi et al. Hum Reprod Update.2018 Sep 1,24(5):599-614




Stimulation duration in relation to FSHRrs6165)
genotype carriers

A AA GG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Laven 2003 11 8.03 30 12 11.46 34 1.8% -1.00[-5.81, 3.81] 2003 ¢ >
Genro 2012 10.56 1.41 29 10.38 1.38 12 47.5% 0.18 [-0.75, 1.11] 2011 —1
Yan 2013 11.32 2.15 200 12.62 2.92 45 50.7% -1.30[-2.20, -0.40] 2013 ——
Total (95% CI) 259 91 100.0% -0.59 [-1.24, 0.05] i
Heterogeneity: Chi? = 5.01, df = 2 (P = 0.08); I = 60% t t t t
Test for overall effect: Z = 1.80 (P = 0.07) -2 -1 0 1 2
Favours [AA] Favours [GG]
B AA AG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% ClI
Laven 2003 11 8.03 30 12 27.65 84 0.3% -1.00[-7.57,5.57] 2003 ¢ >
Genro 2012 10.56 1.41 29 10.42 1.77 40 26.1% 0.14 [-0.61, 0.89] 2011 —
Yan 2013 11.32 2.15 200 12.02 2.44 205 73.5% -0.70[-1.15, -0.25] 2013 _._
Total (95% CI) 259 329 100.0% -0.48 [-0.87, -0.10] il
Heterogeneity: Chi? = 3.57, df = 2 (P = 0.17); I> = 44% t t t t
Test for overall effect: Z = 2.46 (P = 0.01) -2 -1 0 1 2

Favours [AA] Favours [AGC]

C AG GG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI Year 1V, Fixed, 95% ClI
Laven 2003 12 27.6481 84 12 11.4641 34 0.9% 0.00[-7.06, 7.06] 2003 ¢ ! »
Genro 2012 10.42 1.77 40 10.38 1.38 12 47.6% 0.04 [-0.91, 0.99] 2011
Yan 2013 12.02 2.44 205 12.62 2.92 45 51.6% -0.60[-1.52,0.32] 2013
Total (95% ClI) 329 91 100.0% -0.29 [-0.95, 0.37]
Heterogeneity: Chi? = 0.91, df = 2 (P = 0.64); I = 0% t t t t t
Test for overall effect: Z = 0.87 (P = 0.39) -2 -1 0 1 2

Favours [AG] Favours [GG]

Alviggi et al. Hum Reprod Update.2018 Sep 1,24(5):599-614




Number of oocytes retrieved in relation to FSHRrs6165)
genotype carriers

& I
N

A AA GG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Achrekar 2009a 16.27 2.4 12 13.86 3.3 7 12.7% 2.41[-0.39,5.21] 2009 - »
Genro 2012 126 6.7 29 12 5.6 12 6.2% 0.60 [-3.40, 4.60] 2011 >
Yan 2013 13.1 6.85 200 11.98 7.26 45 18.4% 1.12[-1.20, 3.44] 2013 &
Lazaros 2013 11 5.4 60 86 49 230 43.8% 2.40[0.89,3.91] 2013 —
Trevisan 2014 7.24 6.17 46 5.92 4.43 36 18.8% 1.32[-0.98, 3.62] 2014 =
Total (95% CI) 347 330 100.0% 1.85 [0.85, 2.85] i
Heterogeneity: Chi’ = 1.63, df = 4 (P = 0.80); I> = 0% t t t t
Test for overall effect: Z = 3.64 (P = 0.0003) =4 -2 0 2 4

Favours [GG] Favours [AA]

B AA AG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Achrekar 2009a 16.27 2.4 12 14.24 1.2 31  30.4% 2.03 [0.61, 3.45] 2009 S E—
Genro 2012 126 6.7 29 9.6 4.9 40 14.7% 3.00[0.13, 5.87] 2011 = >
Yan 2013 13.1 6.85 200 13 6.14 205 32.7% 0.10[-1.17,1.37] 2013 —_—
Trevisan 2014 7.24 6.17 46 4.87 4.11 67 22.3% 2.37[0.33, 4.41] 2014 & »
Total (95% CI) 287 343 100.0% 1.62 [0.28, 2.95] i
Heterogeneity: Tau? = 1.00; Chi? = 6.84, df = 3 (P = 0.08); I> = 56% t t t t
Test for overall effect: Z = 2.38 (P = 0.02) -4 -2 0 2 4

Favours [AG] Favours [AA]

C AG GG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Achrekar 2009a 14.24 1.2 31 13.86 3.3 7 21.3% 0.38([-2.10,2.86] 2009 =
Genro 2012 9.6 4.9 40 12 5.6 12 10.6% -2.40[-5.91, 1.11] 2011
Yan 2013 13 6.14 205 11.98 7.26 45 25.2% 1.02 [-1.26, 3.30] 2013 e
Trevisan 2014 4.87 4.11 67 5.92 4.43 36 42.8% -1.05[-2.80,0.70] 2014 — 1
Total (95% CI) 343 100 100.0% -0.37[-1.51, 0.78] ’
Heterogeneity: Chi’ = 3.64, df = 3 (P = 0.30); I = 18% + t 1 t t
Test for overall effect: Z = 0.63 (P = 0.53) =4 =2 0 2 4

Favours [GG] Favours [AG]

Alviggi et al. Hum Reprod Update.2018 Sep 1,24(5):599-614




Conclusions

® The true ovarian reserve is difficult to determine (needs
histology)

® Instead, we measure the functional reserve to predict ovarian
response to stimulation

®* Many markers exist but the AMH and the AFC are the best
predictors

® Algorithms and nomograms have been devised to help choose
the appropriate stimulation protocol and the starting dose

® RCTs have shown that these algorithms do not improve the
pregnancy or live birth rate but can diminish OHSS incidence

®* More studies are needed to determine whether (1) these
algorithms are of no value, or (2) that we did not find the right
algorithm yet

®* The answer may lie with the SNPs
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