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Course coordinator

Johnny Awwad (Lebanon) and Mohammad Aboulghar (Egypt)

Course type

Basic and advanced

Course description

Developments in medical technology have led to numerous interventions designed to improve
human fertility. Innovations such as Time-lapse embryo imaging, Intra Cytoplasmic Morphology
Selected Sperm Injection (IMSI), Pre-implantation Genetic Aneuploidy Screening (PGS), Sperm DNA
fragmentation, Adherence compounds in embryo transfer media, Gene profiling in endometrium,
Micro-dissection Testicular Sperm Extraction (Micro TESE) and many others, have been introduced to
enhance the reproductive outcome of women undergoing assisted reproduction. These
breakthrough technologies have largely been the outcome of extensive research and exciting
findings in various experimental models before making their way into human reproduction. In
addition to advancing our ability to alter reproductive pathways, such technologies have also greatly
expanded our understanding of the biology of reproduction. Many however have been hastily
introduced into clinical practice with little evidence of improved reproductive outcome, often driven
by couples’ eagerness to try any promising innovation before the evidence is available to support
their use.

This pre-congress course discusses some of these technical innovations introduced into the practice

of assisted reproduction over the past several years, with the prime focus of evaluating their clinical
relevance to improving live births in view of emerging scientific evidence.

Target audience

e Reproductive Endocrinologists and Fertility Specialists
e Biologists involved in Assisted Reproductive Technologies
e Policy Regulators and Representatives of Third Party Payers

Educational needs and expected
outcomes

At the completion of this pre-congress course, participants should be able to:

e Describe the biologic pathways relevant to human reproduction

e Understand the working hypotheses for introducing the innovations described into assisted
reproduction

e Evaluate the merits of each described breakthrough in improving live births in women
undergoing assisted reproduction

e Formulate an evidence-based decision on whether to offer any one of these technologies in
the context of infertility management in women
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Discussion
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Elias Dahdouh - Canada
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Intra Cytoplasmic Morphology Selected Sperm Injection (IMSI): Between Hope and
Hype?

Sherman J. Silber - U.S.A.
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Adherence compounds in embryo transfer media (fibrin sealant and hyaluronic acid):

The evidence
William H. Kutteh - U.S.A.
Discussion
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Rimeskapse Naging :
A. THE PROBLEM

TRADITIONAL RATIONAL

ﬂ, | Embryo implantation rates |ﬂ,

L

Neonatal risks

Preterm delivery, prematurity, delayed motor-, neuro development
Maternal risks

Gestational hypertensi
diabetes, thromboemi
operative delivery, etc.

n, preeclampsia, eclampsia, gestational
lism, postoperative hemorrhage,

Increased morbidity, mortality

T | | 1
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All SART Member Clinics
2% Prolminary CBR ke 2014 14% of ysten raporied a8 Disteysd Cos
<35 35-37

Number of cycle starts 41534 21692
Singletons 31.9% 26.5%
Twins 71%
Triplets or more 03 % 0.3%
Live Births 426 % 338 %
(Confidence Range) (42.1-43.1) (33.3-34.5)

PROPOSED SOLUTION

SINGLE EMBRYO TRANSFER

N @
e "
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); The chances of multiple birth are also significantly reduced after one

cycle of fresh single embryo transfer than after one cycle of fresh
multiple embryo transfer.

Number of embryos for transfer following in vitro fertilisation

Single compared to multipie embryo transéer (in a single cycle) lollowing in vitro fertilisation or intra-cyloplasmic sperm injection

Population: women having embryo transfer following in vitro fertlisation or intra-cytoplasmic sperm injection
Setfings: Assisted reproduction

Intervention: Single embryo transfer
Comparison: Multiple embryo transfer (in a single cycle)

0 ive risks* (95% CI) Felative effect Na of Participants Quality of the evidence  Comments
(95% CI) (studies) (GRADE)
Azsumed risk Corresponding risk
Multiple Single
Multiple pregnancy 144 per 1000 20 per 1000 OR0.12(0.07100.20) | 1612 e
(1210 32) (10 Studies) HIGH 2
Live birth 450 per 1000 262 per 1000 OR 0.48 (0.39 0 0.60 ) | 1564 BEEE
(242 10 329) (9 Studies) HIGH !

CHALLENGE

SINGLE EMBRYO TRANSFER

8 =

& LIVE BIRTH &
e
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CONVENTIONAL METHODOLOGY

| Morphological Evaluation |
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Human Reproduction, Vol.26, No.6 pp. 1270-1283, 2011
Advanced Access publication on April 18, 2011 doi10.1093 /humrep/der037

ORIGINAL ARTICLE ESHRE pages

Table IV Timing of observation of fertilized oocytes
and embryos, and expected stage of development at
each time point.

Type of observation Timing Expected stage
(hours post- of development
insemination)

Fertilization check 17 4 Pronuclear stage

Syngamy check 23+ Expect 50% to be in
syngamy (up to 20%
may be at the
2-cell stage)

Early cleavage check 26 + | h post-ICSI  2-cell stage

28 + | h post-IVF

Day-2 embryo assessment 44 + | 4-cell stage

Day-3 embryo assessment 68 + | 8-cell stage

Day-4 embryo assessment 92 + 2 Morula

Day-5 embryo assessment 116 +2 Blastocyst

ICSI, intracytoplasmic sperm injection.

July 3,2016 ESHRE 2016 - PCC 13 I

Human Reproduction, Vol.24, - a A .
R ——— Tablel List of embryonic features included in the study

L]E Bt Day  Feature Comments (including coding of
human : OR 5
Immml-‘}n nominal data)
| Time of 17.8-29 h after fertilization (target 25 h)
Is evaluation ng early
| MNo. cells Range: |-6
el Pronudel Code (day|stage): 0= |cell + 2PN; ay?
L bl b AORL D = pnlle: D = =0 ol
Table 11l Candidate models
Model Formula
Day | fetus | 2wk = age + age” + isEgsDonor + day | stage + cell| + devl
Day2 fetus | 2wk = age + age? + isEggDonor + cel2 + dev2 + fig2 + sym?2 + isAllSingleDay2
Day 3 fetus | 2wk = age + age? + isEggDonor + cell3 + devd + frgd + sym3
Day 1.2 fetus [ 2wk = age + agl +isEggDonor + day | stage + cell | + dev| + cell2+ dev2 + frg2 + sym2 + isAllSingleDay2
Day 1.3 fetus | 2wk = age + age® + isEggDonor + day [stage + cell| + devl| +cell3 + dev3 + frgd + sym3
Day 2.3 fetus | 2wk = age + age? + isEggDonor + cell2 + dev2 + frg2 + sym2 + isAllSingleDay2 + cell3 + dev3 + frg3 + sym3
Days 123 fetus | 2wk = age + age” + isEgeDonor + day Istage + cell| + dev] + cell2+ dev2 + frg2 + sym2 + isAllSingleDay2 + cell3 + dev3 + frgd + sym3
Note: devl, 2 or 3 =|cell counts on Day 1, 2 or 3—count with maximum yield of fetuses on the respective day|.

3 No. cells Range: 1-14

3 Fragmentadon* Code: 0=0%; | = | -9%; 2= |0-25%;
3=26-50%; 4= >50%

3 Symmetry Code: | =MNo asymmetry; 2=Some

asymmetry; 3 = Severe asymmetry

*Due to small numbers in groups having scores of three and four, these groups were
cormbined with those having a score of two.

July 3,2016 ESHRE 2016 - PCC 13 12
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A single day morphological evaluation on either Days 2 or 3
provides similar predictive value to multi-day scoring.

1<}
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s 1B

b= T -4
b= -4

0.70
I

b-----IJ---4

b----{ -+
b= L}

AUC
0.65 X
1

In view of the demonstrated
efficacy of models based on morphology,
the putative superiority of any new method should demonstrate an
AUC > 0.7.

Qian et al. / J Zhejiang Univ Sci B 2008 9(8).649-655 649
Journal of Zhejiang University SCIENCE B
ISSN 16873-1581 (Print), ISSN 1862-1783 (Onling)
WNW Z]U 800U CIVZUS; WWW.Springarlink com
E-mail: jrus@zju.edu.cn JZUS

Accuracy of a combined score of zygote and embryo morphology
5 *
for selecting the best embryos for IVF
Yu-li QIAN. Ying-hui YE %, Chen-ming XU, Fan JIN, He-feng HUANG

(Department of Reproduciive Endocrinology, Women's Hospital, School of Medicine, Zhejiang University, Hangzhou 310006, China)
"E-mail’ yeyh1999@hotmail com

Table 2 Embrye grading and score for cumulative embryo score (CES) system

Grade Score Morphology
1 4 =3 cells: blastomeres of equal size: no cytoplasmic fragments
2 3 =5 cells; blastomeres of equal size: <30% cytoplasmic fragments
3 2 =5 cells: blastomeres of distinctly unequal size; no cytoplasmic fragments
4 1 =25 cells: blastomeres of equal or unequal size: 30%-30% cytoplasmic fragments if equal or

1%-50% if unequal

0 =5 cells of any size. or any pre-embryos with =50% cytoplasmic fragments

w

"If the embryo was not cleaved at 25~27 h, grading of fragmentation should be carried out during the 64~67 h evaluation  Grade I
Symmetrical blastomeres and no fragmentation: Grade II: Shightly uneven and <20% Grade III: Uneven
‘blastomeres and >20% fragmentation

Page 12 of 276




Multi-step grading system was more predictive of IVF
Byehre outcomes for blastocyst transfers.

Table 6 Statistical measures of the two embryo grading
svstems

oo oo | Positive Negative
Sen?:flj“ty bpe(c; .f;ﬂr“' predictive|  predictive
ik 5 value (%) value (%)
CSS=T0 94.7 35 66.7 91.7
CES=20 94.7 133 30.9 727

July 3,2016 ESHRE 2016 - PCC 13

C.THE NEW TECHNOLOGY

July 3,2016 ESHRE 2016 - PCC 13
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16 hrs 26 hrs 44 hrs
2 PN 2-cell 4-cell

Standard
culture @ @ @

I 0

11Ime

culture

68 hrs
8-cell

HYPOTHESIS

PERSONALIZED EMBRYO TRANSFER

N

[ INTERVENTION |
| TIME LAPSE IMAGING
————

Bl Geecicon

Improved embryo selection
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EmbryoScope® time-lap Primo Vision™
Vitrolife #T

Vitrolife T

Table 2

Mumination

Microscope/incubator

Culture dish

Embryo culture
Planes of view
Max.# of embryos

manitored

Other

Comparison of the technical p

ers of three ¢

Embryoscope

lally

time-lapse systems

Primo vision

EEVA

Bright field, low intensity red
LED

Bright field, low intensity green
LED

Dark field

Incubator with integrated time-
lapse system

Embryoslide

Single culture

Microscope that can be placed in
standard incubators

9-16 well Primo vision embryo
culture dish

Microscope that can be placed in
standard incubators

EEVA dish

Group culture

Group culture

7 focal planes

11 focal planes

I Single plain

72

Comes with software

96

Comes with software

Depends on the dish

Automated, software scores
blastocyst formation potential

July 3,2016

ESHRE 2016 - PCC 13
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3-cell embryo (t3)

4-cell embryo (ts)

5-cell embryo (ts)

L™ 4 Morula (ty)

4 Blastocyst (tac)

3rd mitosis, S;(ts-ts)

4th mitosis, CC5(ts-ty), interphase 3

July 3,2016

ESHRE 2016 - PCC 13
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Time Lapse Imaging s

D.STUDY QUESTIONS

Page 16 of 276




HYPOTHESIS

PERSONALIZED EMBRYO TRANSFER

O

[ INTERVENTION |
| TIME LAPSE IMAGING

Embryo developmental potential
W Cencicon e

Embryo implantation potential

Andrea is a 35 year-old woman with secondary infertility of 2 years
duration. She has been diagnosed with PCOS and complains of
oligomenorrhea, acne and hirsutism. She is otherwise healthy.

AMH 12 ng/ml. BMI 30 kg/m2. Normal TSH, PRL, FBS, and glucose
challenge test. Elevated fasting insulin levels.

HSG bicornuate uterus with patent tubes.

Semen analysis unremarkable.

Because of clomiphene citrate resistance, she received FSH
stimulation and conceived with twins. Her pregnancy was complicated
with preterm delivery at 25 weeks gestation.Twin A suffered
immediate neonatal death.Twin B had a prolonged stay in ICN for 3
months and was discharged home with residual neurodevelopmental
injury.

She has heard of InVitro Fertilization with single embryo transfer. She
was also told by her friend about the value of a new innovation: time
lapse technology. She is here with a pile of printed web pages
supporting these claims.

Page 17 of 276
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. : ‘,1 2 .
Trsd. ‘I{ |'. ! i
I You advise Andrea that Time Lapse technology has been shown to:
A.  Enhance selection of high quality embryos, thus enhancing clinical

Time-lapse e

mbryo imag
'improves IVH

reproductive outcome. '
' B. Enhance de-selection of low quality embryos, thus enhancing
] clinical reproductive outcome.

C. Enhance selection of high quality embryos, without necessarily
improving clinical reproductive outcome.

SPecialist In GRopg

July 3,2016 ESHRE 2016 - PCC 13 25
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; U Human Reproduction, Yol.26, No.10 pp. 2658-2671, 2011
~ 3_.{;}1_:(@,4 Advanced Access publicition on August 9, 2011 doic10.1093/humrep/der2 56

<
(= AUB

The second synchrony s2 is the duration of the transition
from a two blastomere embryo to a four blastomere embryo (s2 = t4-t3), i.e.
the duration of the period as three blastomere

. embryo.
t2 t3 4 5
METHODS}
simultaneousl
acquired ever|
embryos fron|
implant or ful
«/ >€ >€ >
ccl cc2 cc3
Figure | Graphic rep of the idered embryo develop | events 2, 13, t4, 15, oc2 = 1312 and 52 = t4-13. We identified the
precise timings and measured them in hours post KCSI microinjection.
July 3,2016 ESHRE 2016 - PCC 13 27
"&jéyg There is a tighter distribution of cleavage times for
i implanting embryos as opposed to non-implanting embryos, with a prominent
M tail of lagging embryos found for the non-implanting embryos. R
o
= L ]
é w0
= 8o
8
2 n
60
2
5%
- 40
E:
5
8 20
S
% '
Cell division 12, 13, t4, t5 [hours after ICSI]
Flgure 2 Percentage of embryos having completed a cell division by a given time after i ination. Blue curves rep planting embryos; red
curves represent embryos that did not implant. Four curves of each color represent completion of the four consecutive cell divisions from | to 5 cells
ie. 12,13, 14 and 5.

July 3,2016 ESHRE 2016 - PCC 13 28
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For both the duration of the second cell cycle, cc2, and the synchrony
of cell cleavages in the transition from 2 cell stage to 4 cell
stage, s2 (i.e. the duration of the 3 cell stage),
embryos cleaving in the two first quartiles had significantly higher
implantation rate.

Table | Exact timing of embryo events analysed from transferred implanted and not impl: d embryos.

Table Il Exact timing of the first cleavages grouped in quartiles (Ql, Q2, Q3 and Q4) from 247 transferred embryos.

Parameter QI Q1 Q1 Q4
Limit (h) Implantation (%) Limit (h) Implantation (%) Limit (h) Implantation (%) Limit (h) Implantation (%)
2 <243 3 24.3-25.8 31 25.8-27.9 30 -27.9 15
&} <354 18 354-37.8 39 37.8-40.3 32 -40.3 I
“ <364 3 36.4-38.9 36 38.9-41.6 31 ~41.6 10
5 <488 16 48.8-52.3 37 52.3-56.6 40 -56.6 14
4 2 <I.0 3 1.0-11.% 39 1.9-129 18 -12.9 19
e 52 <0.30 36 0.30-0.76 28 0.76-1.50 20 >1.50 [
the g0 of i ing embryos in each quartie is shown. Numbers in bold indicate the two quartiles with the highest implantation percentages.
July 3,2016 ESHRE 2016 - PCC I3 29
t2
\ p=0.024
] ok
bl
< 4
407
L
g .
2 op
1= —
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<=11%h =>11.9h
40
g 30
£
3 2 *
5
E, 10
T e

438.  Outside
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'ﬂ Discard? U"“‘"—‘

{ Table 11l Implantation in the embryo categories of the hierarchical classification tree model.
Embryo category n total n implanted Implantation (%) Embryo category Implantation (%)
A4 29 19 66 A 52
A- 5 9 36
B+ ) 7 29 B 27
B- 25 6 24
C+ 32 8 25 C 19
= 2l 2 10
D+ 10 1 10 D 14
D- I . .
E Logistic regression on the morphology basis gave an AUC
of 0.64. =

Logistic regression on the simplified time-lapse basis gave an AUC of 0.72.
The higher AUC for the time-lapse categories supports the possibility of

improved embryo selection using this approach.
AF | A= BF | B- CF [ & UF [T OF E F

Figure 6 Hierarchical classification of embryos based o (i) morphological screening (i) absence of axclusion criteria; (i) timing of cell division to 5
cells (t5k () synchrony of divisions from 2 cell to 4 cell stage, 52, Le. duration of 3 cdl stage: (v) duration of second cell cycle, e, ie. the time from
division to 2 two blastomere untl divison to a three blastomere embryo. The classification generates 10 categories. of embryos with increasing
expected implantation potential (right to beft) and almost equal number of embryos in each.

July 3,2016 ESHRE 2016 - PCC 13 31

a‘nlmu = Vol I7 Nov 3. 2008 385-391 Reprenductive BioMedicine Owuline; www rbmontine con/ Article/ 3327 on web 30 Julv 2008

— Fertilized oocytes that developed into 24-cell embryos had an earlier
pronuclei disappearance and first cleavage than those that developed to 3- or
2-cell embryos.

T rT T sTe T Tesr T s T e =T v e T v resr Y i e Bl S e

*kk
e | 1
50- *kk .
1
. ’ I : |
] _— 45— i . Jenmark
Q
388 .  —
= %?6 40 LT x
o G)g L AL Ty
oL P
7} ~
g we 98 .
-0
a [ 3(% l‘ ’ .
o (0] 30_ Ay % AALAAL
oE £ Axa v sat
% N 25 ...'
20
2-cell 3-cell 4-cell 5+-cell
Number of blastomeres on day 2
1 |
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€Y . - .
£ Synchrony in appearance of nuclei after the first cleavage was significantly
2AuUB associated with pregnancy success.

350+

300+
€ 250
E
qE._, 200+
= 150

100

50~ o
0 pr— 1 0
Pregnant Not pregnant
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242 Limited implantation success
Do of direct-cleaved human zygotes:
S 2 time-lapse study

Irene Rubio, Ph.D.,* Reidun Kuhlmann,® Inge Agerholm, Ph.D..* lohn Kirk, M.D.Y Javier Herrero, Ph.D.,*
Maria-José Escriba, Ph.D.,” José Bellver, Ph.D.,” and Marcos Meseguer, Ph.D.*

* Instituto Valenciano de Infertilidad Valenda, Universidad de Valencia, Valenda, Spain; * Maigaard Fertility Clinic, Aarhus,
Denmark; and © Fertility Clinic Braedstrup, Braedstrup, Denmark

Fertility and Sterility® Vel. 98, No. 6, December 2012 0015-0282/$36.00
Copyright ©2012 American Society for Reproductive Medicine, Published by Elsevier Inc.
http://dx.doi.org/10.1016/.fertnstert.2012.07.1135

Obijective: To evaluate embryos with direct cleavage (=5 hours) from two to three cells (DC2-3) and correlate this morphokinetic
parameter to implantation and ongoing pregnancy.

Design: Clinical multicenter retrospective study.

Setting: Private in vitro fentilization (IVF] centers.

Patient(s): From three clinics, a total of 979 treatments including 5,225 embryos using autologous or donated oocyies, of which 1,659

embryos were
Intervention(s): None.
Main Out M (s): Clinical y confirmed by ul d in week 7.
July 3,2016 ESHRE 2016 - PCC 13 34

Page 22 of 276



The incidence of direct cleavage was nearly 14% in the total embryonic
cohort.

WG Rag

W ochamical sbortion

e lirecal abertisn

WP sl i entation

n=109 n=1550

Ko gl

[aigy

Embryos with DC2-3 had a statistically significantly lower implantation rate
than embryos with a normal cleavage pattern, suggesting that rejection of
these embryos for transfer could improve the implantation rate.

Time La
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Non-invasive imaging of human embryos before
)yeire embryonic genome activation predicts development
to the blastocyst stage

Connie C Wong'*7, Kevin E Loewke'-*57, Nancy 1. Bossert!, Barry Behr?, Christopher | De Jonge?,
Thomas M Baer® & Renee A Reijo Peral?

NATURE BIOTECHNOLOGY VOLUME 28 NUMBER 10 OCTOBER 2010

Day 1: Thaw 1-cell Time.lapse 2]
human embryos imaging

©@ @ on muliple

microscopes

Expt. 1:n =61
Expt. 2:n =80
Expl. 3:n=64
Expt. 4:n =37

., +—

Sinyaembf)'ﬂs\\ ®® ® o (]
Q Single bdasmmsm‘s/ @ |® @ @

o 0
M— Q Harvest a mixture of normal
O and arrested embryos on
consecutive days

High-throughput, singls-
cell gPCR analysis

July 3,2016 ESHRE 2016 - PCC 13 37
— E 200
IE £ [ Window for blast
E O Manual
Tima hatwean et al © A i

Success in progression to the blastocyst stage could be predicted with >93%

@shr_c sensitivity and specificity by measuring these three dynamic noninvasive

imaging parameters by day 2 after fertilization, before embryonic genome
activation (EGA)

] X ]
10

Three parameters collectiv:

(i) duration of the first cytokineg
physically separs 20

(ii) time interval between the end

Duration

Q

]
2 4 6 8

-
(8]

=

o

(i) time interval between the sec
the appearance of the cleavage

Time between
1st and 2nd mitoses (h)
=

5
0
2 4 6 8 10 12 14
Good-morphology ~ Poor-  Arrested
blastocyst morphology
blastocyst
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#AB Improving embryo selection using
a computer-automated time-lapse

e image analysis test plus day 3

: results from a

Conaghan. Validation of a time-lapse screening tool. Fertd Stenil 2013,

When Eeva was used in combination with D3 morphology, embryologists
experienced significant improvement in the likelihood of selecting embryos
that would develop to usable blastocysts, with a reduction in inter-observer

variability.

s Morphology (Development Phase, n=292)
Eeva (Development Phase, n=292)
= Eeva (Test Phase, n=941)
100

B Good Morphology Embryos (n=235)

= Using morphology only
wssm Using morphology plus Eeva

LA
.IIWI

2
Embryologist

-
=
=]

H

|

o o
L= o

Day 3 Embryo Selection
(% Specificity)
8
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Reproductive BioMedicine Online (2012) 25, 371- 381

www.sciencedirect.com
www.rbmonline.com

ELSEVIER

ARTICLE

A B C D

Figure 2 Hierarchical classification of embryos. The system generates a number of categories of embryos with increasing
expected implantation potential (right to left), based on the timing of cleavage to 5 cells and the synchrony of the divisions from the
3-cell stage to the 4-cell stage.

July 3,2016 ESHRE 2016 - PCC 13 41

Embryos that cleave earlier have a significantly improved chance of continuing
development to day 5 when compared with embryos that develop

more slowly.
13 Tz hie] LE]
G665
e 638 *
] 565

518 518

801 s2
70 £
60 566

50 44.6

30
20
10

04
%8 HGMB
®m<11,9h %B <02 #GMB

W>11,9h n>0,2
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Reproductive BioMedicine Online (2012) 25, 474- 480

Comparison of times between
f@‘;sh;e divisions did not reveal significant differences.
4 Only the intervals 4-8-cells and 5—-8-cells were significantly shorter

in embryos with the potential to develop to blastocyst stage.

Table 2 Cleavage times from the 2- to the 8-cell stage and relative intervals between
divisions for embryos developing to the blastocyst stage or arresting at later cleavage stages.
Stage or interval Arresting after Developing to P-value
8-cell stage (n = 151) blastocyst (n= 151)
2-cell 27.9 + 4.1 27.6 +3.0 NS
3-cell 37.9:+4.6 38.0+3.5 NS
4-cell 40.2+5.8 39.8+4.5 NS
S-cell 50.2 + 6.7 50.7 + 6.1 NS
6-cell 53.9+7.6 53.0+6.8 NS
7-cell 58.8 + 10.4 56.5 + 8.1 0.03
-cell 65.2413.0 61.0:9.4 0.0
2-3-cell 10.6 + 1.8 10.5+1.9 NS
3—4-cell 2.3+3.6 1.8+3.1 NS
2—4-cell 12.3+3.3 12.2+2.6 NS
4-8-cell 25.2+11.2 21.3:+8.0 0.0005
5-8-cell 14.9 +10.7 10.4+8.2 0.0001
Values are mean # SD time in hours. NS = not statistically significant.
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ORIGINAL ARTICLE Embryology

Time-lapse parameters as predictors of

blastocyst development and pregnancy

outcome in embryos from good
prognosis patients: a prospective

cohort study

K. Kirkegaard'2*, U.S. Kesmodel'?, ].]. Hindkjzr', and H.]. Ingerslev':?

'Certre for Preimplntation Genetic Diagnosis. The Fertility Clinic, Aartus University Hospital, Skejby. Brendstnupgaardsvej 100,

Agrhass N 8100, Denrmask “Hoalth, Aarhis Univeesity, Vornalyst Boulevard 9, Aarhus C DE-8000, Denmark

5TUDY DESIGN, SIZE, DURATION: A prospective cohort study conducted from February 201 | to june 2012 A total of 57| IC5] embryos
from %2 patients were included in the blastocyst development analysis and 84 single embryo transfers wers inchuded in the pregnancy outcome

analysis.
July 3,2016 ESHRE 2016 - PCC 13 45
Duration of the first cytokinesis, duration of the
3-cell stage and direct cleavage to 3 cells predicted development to high
quality blastocyst.
Preucrors ToT  UEVETUPTITENT TItU—a  TTgI=qualrty
blastocyst.
Parameter OR (95% CI) P-value
PN breakdown 0.94 (0.88: 1.01) 0.09
Duration of the first 0.36 (0.16;0.83) 0.02
Lcytokinesis (h)
Duration of the 2-cell stage (h) 0.89 (0.77: 1.04) 0.14
Multi-nucleation at the 2-cell 0.89 (0.49; 1.59) 0.70
stage (yes/no)
Duration of the 3-cellstage (h) 0.88 (0.80;0.97) 0.01
Direct cleavage to 3 cells* 0.11 (0.0Z 0.69) 0.02
(yes/no)
The OR was obtained with a single logistic regression analysis where all six parameters
were included. OR, odds ratio.
*Duration of the 2-cell stage <5 h.
Figure | Cohort flowchart. ICS| fertilized embryos cultured at
5% O,
July 3,2016 ESHRE 2016 - PCC 13 46
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Direct cleavage to 3 cells (duration of the 2-cell stage < 5 h) could not
predict pregnancy and non-pregnancy status.

pr cs"mm;. ST T 7
Parameter OR (95% CI) P-value
Duration of the first cytokinesis (h) 0.84 (0.45; 1.57) 0.59
Duration of the 3-cell stage (h) 0.84(0.59; 1.22) 036
Age (years) 0.84 (0.73; 0.98) 0.03
Number of previous cycles 1.2(0.62;2.4) 0.56
Number of GQE on Day 2 1.0(0.78; 1.3) 0.98
Number of GQE on Day 3 1.1(0.83; 1.4) 0.57
Total FSH dose(100 IU) 0.92(0.93; 1.1) 0.82
Cause of infertility (categorical} 0.34(0.05;2.2) 0.25
OR were obtained by performing a logistic regression analysis with the two time-lapse
parameters and one of the parameters listed below them. This analysis was repeated
for each parameter. GQE, good quality embryo; OR, odds ratio.

July 3,2016 ESHRE 2016 - PCC 13 47
None of the mean time points of cellular divisions or embryonic stages
differed between the pregnant and the non-pregnant groups.
=) o] First cytokinesis w ] 2-cell stage ER 3-cell stage
A H
®)ehre - 8 ol
@ o o 5 # B
] © 8
x = T
b o) i £ .
.
o - & w - . & .
The apparent negative significance of division patterns that differ from the
expected may imply that
time-lapse will facilitate de-selection of embryos.
ER . . ER .
S b 21
LR ] w | —'r g H ’
o | p ; oo
. = = =
w . 2 E 0 %
|
T
C é ; i
o4 o4 o
No pregnancy  Pregnancy No pregnancy  Pragnancy No pregnancy  Pregnancy
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ORIGINAL ARTICLES: ASSISTED REPRODUCTION @ Crosshark

Clinical validation of embryo culture
and selection by morphokinetic
analysis: a randomized, controlled
trial of the EmbryoScope

Irene Rubio, Ph.D.,® Arancha Galan, Ph.D,,” Zaloa Larreategui, Ph.D." Fernando Ayerdi, Ph.D.?
Jose Bellver, M.D.,* Javier Herrero, Ph.D.," and Marcos Meseguer, Ph.D.*

2 Instituto Universitario VI Valencia, University of Valencia, Valencia; and B vl Bilbao, Bilbao, Spain

Objective: To determine w'}wlhcr mﬁ:uhmmn in Ihc mltgr:ncd EmhryuScup\' time-lapse mnmtnnng system l'l'.l\n‘S] :md. selection
supported by the use of a 1 maodel imp tive o I with ion in a
standard incubator (SI) embryo culture and selection based exclusivel: orl phology.

Design: Prospective, randomized, double-blinded, ¢ Ted study.

Setting: University-affiliated private in vitro fertilization (IVF) clinic.

Pa!:ﬂl!im Elghl hundred forty-three infertile couples undergoing imraqr!oplasmlc spcrm Injcﬂlon {ICSH).

@i

Interventis No patient : embryos cultured in SIwith d d only by morphology (control group) and
embryos cultured in TMS with embryo selection was based on a mul!hranahlc model (study group).
Main Outcome Measure(s): Rates of embryo impl ion, pregnancy, ongoing pregnancy (OPR), and early pregnancy loss.
July 3,2016 ESHRE 2016 - PCC 13 49
(# AUB . . - -
(J_';r"* Incubation and selection in the Time Lapse group improved
EoUE ongoing pregnancy and implantation rate and reduced
early pregnancy loss.

Descriptive characteristics of the embryo development and fate in the time-lapse and control groups.

Outcome results per intention to treat, per cycle, per transfers and per embryo transferred.

Outcome TMS group Contral group RR Palue
All ryrlpi with nnr\ﬂs retrieval 438 405
| G16(569 660 S63(514-6100 109 @ags-123) 12
regnancy (% of all Lrea.ed cydes) 51.4 (46.7-56.0) 41.7 (37.0-46.6) 1.23 (1.06-1.43) 005

All transfers 415 373

Preqnancy (96 of all tranclpr) ES3(EN A EAT) £11 (56 1_F5 Q) 107{0as1 14) 22

Ongoing pregnancy (% of all transfers) 54,5 (49.6-59.2) 453 l-'(O.jg -50.4) 1.20(1.04-1.39) 01

T T

Early pregnancy loss (% of all pregnancies) 16.6(12.6-214) 25.8(20.6-31.9) 0.64 (0.45-0.91) 01

Tansiered emoryos 775 699

Implantation rate (% of all transferred embryos) 44,9 (41.4-484) 37.1(33.640.7) 1.43(1.05-1.39) 02
Neie it 95% enofidence Bmits in beack e ris 5 vt i brackets and the comesponding Puakte (Fisher's fast)
of cycles ame lhnvll'!-l'ntmlmbr-uk«\
Rubia. Clinical walidation of EmbeyaSeope. Feril Steal 2014

July 3,2016 ESHRE 2016 - PCC I3 50
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Physiol. Res. 61: 513-525, 2012

Time-Lapse Cleavage Rating Predicts Human Embryo Viability

D. HLINKA', B. KALATOVA’, I. UHRINOVA®, S. DOLINSKA’, J. RUTAROVA',

Cleavage
timeliness:

Untimely
(u)

(A) Abnormalities
in morphology

(B) Blastocysts,
no pregnancy

(477 %)

(BP) Blastocysts 28
giving pregnancy | | (15.6 %)
Total 120 60 180

(667 %) | (33.3%) | (100 %)

Fig. 1. Counts and percentage ratics of embryos In relation to their deavage (un)timeliness, morphology, and uterine nidation success.

July 3,2016 ESHRE 2016 - PCC 13 51
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The specificity of time lapse imaging in determining how well embryo
cleavage rating selects from all blastocysts for those that
would surely nidate and yield clinical pregnancies was 9 %.

(

Table 4. Specificity and sensitivity of izing timely blastocysts yielding pi

Blastocyst formed: NO Blastocyst formed: YES  Blastocyst formed: YES

N=180 Timely cleavage: any Timely cleavage: NO Timely cleavage: YES
No pregnancy 66 8 (true negatives, TN) 78 (false positives, FP)
Pregnancy proven w'a (no embryo transfer) 0 (false negatives, FN) 28 (true positives, TP)
Total embryos 66 8 106

SEgryp = TP [ (TP+FN) = 28 [ (28+0) SPgre = TN [ (TN+FP) = & / (8+78)

July 3,2016 ESHRE 2016 - PCC 13 52
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There was no conclusive evidence of a difference in live birth rate per couple
randomly assigned to the TLS and conventional incubation arms.

Cochrane Database of Systematic Reviews

Cochrane Database of Systematic Reviews 2015, Issue 2. Art. No.: CD011320.

TLS with or without cell-tracking algorithms versus conventional incubation for embryo incubation in assisted reproduction

Patient or population: embryo incubation in assisted reproduction
Settings:

ttings
Intervention: TLS with or without cell-tracking aigorithms
Comparison: conventional incubation

Oulcomes Iustrative comparative risks* (95% CI) Relative effect No of participants Quality of the evidence Comments
(95%.CH {studies) (GRADE)
Assumed risk Corresponding risk
conventional incubation TLS with or without cell-
tracking algorithms
Live birth 500 per 1000 526 per 1000 OR1.11 76 D
@31010732) (04510273) (1 RCT) MODERATE !
Miscarriage 143 per 1000 105 per 1000 ORO.7 94 PPOX
7310 148) (04710 1.04) {3 RCTs) LOW 234
Stillbirth 53 per 1000 53 per 1000 OR1 76 D
710284 0.13107.49) (1RCT) MODERATE '
Clinical pregnancy 558 per 1000 609 per 1000 OR1.23 934 BHOC
(54810 668) (08610 1.59) (3 RCTs) LOW 234
July 3,2016 ESHRE 2016 - PCC 13 53

There was no conclusive evidence of
a difference in clinical pregnancy rate per couple randomly assigned
to the Time Lapse Imaging and conventional incubation arms.

Figure 5. Forest plot of comparison: | TLS with or without cell-tracking algorithms versus conventional
incubation, intervention : 1.3 Clinical pregnancy.

s Conventional incubation Odds Ratio Odds Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kahraman 2013 26 38 26 is 7.6% 1.00[0.38, 2.63)
Kovacs 2013 15 30 14 32 6.3% 1.29[0.47, 3.49]
Rubio 2014 272 444 230 412 86.0%  1.25(0.95, 1.64]
Total (95% CD s12 482 100.0% 1.23 (0.96, 1.59)
Total events k] 270
Heterogeneity: Chi® = 0.20, df = 2 (P = 0.91); ' = 0% }
Test for overall effect 7 = 1.63 (P = 0.10) . oﬁ:m‘ [Ullhwun .'Tllgl e

There is insufficient evidence of differences in live birth, miscarriage, stillbirth
or clinical pregnancy to choose between Time Lapse Imaging and
conventional incubation.

July 3,2016 ESHRE 2016 - PCC 13 54
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Embryo growth and development over time. The top of the figure depicts the conventional screening standard viewing points + 1 hour (HPI = hours
after insemination). Time-lapse monitoring occurred continuously. Dysmorphisms that were evaluated are pictured at the bottom. Established time
frames incorporated into the morphokinetic score (cc2, s2, 15, s3, and tSB) are shown

Goodman. Time lapse-assisted sedection. Ferti Steril 2016.
July 3,2016 ESHRE 2016 - PCC 13 55
(#A
(?’W";“Jg |Kinetic data of embryos with known implantation data. |

24UE Dysmorphic events and timing of events in embryos with known
implantation status.

@yshre Implanted  Did not implant
Embryo characteristic (n = 140) (n = 156) Pvalue
Multinucleation 32 (22.9%) 55 (35.3%) .02
Reverse cleavage 6 (4.3%) 11 (7.0%) =E
Direct uneven cleavage 0 (0%) 9(5.7%) <.01
Irregular division 23 (8.6%) 23 (14.7%) L
2 <5h 120 (96.0%) 111 (88.8%) .05
15 45.8-57N 9A(738%) 94 68.T%) 35
s20-1h 100 (80.7%) 85 (66.4%) .02
s31.4-7 h 77 (62.1%) 71(62.3%) .98
tSB <100 h 106 (75.7%) 84 (53.8%) <.01

Morphokinetic score 236 1-1.15 1.55+ 1.40 <.01
Note: All data is n (%) or mean =+ SD. Abbreviations as in Supplemental Table 4.
Goodman. Time lapse-assisted embryo selection. Fertil Steril 2016.

> A= L~ = T L2

Note: Abbreviations as in Supplemental Table 4.
Goodman. Time lapse-assisted embryo selection. Fertil Steril 2016.
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Pregnancy and implantation rates were not significantly
different between TLM and CS groups.

Outcome results in cycles with selection, stratified by day of transfer and age.

Clinical outcome M cs Pvalue
All transfers (day 3 and 5) n=119 n=116
PR 81/119 (68.1%) 731116 (62.9%) 41

IR 122/239 (51.0%) 100/221 (45.2%) 21
All transfers, <40y old n 110 n=110

CPR 79/110 (71.8%) 72/110 (65.5%) 10

IR 1197211 (56.4%) 99/205 (48.3%) 31
Blastocyst transfers n=91 n=89

CPR 67/91 (73.6%) 61/91 (67.0%) 33

IR 96/173 (55.5%) 83/162 (51.2%) 44
Pregnancy outcomes n =81 n=73 23

Viable singleton pregnancy 48 (59.3%) 48 (65.8%)

Viable twin pregnancy 29 (35.8%) 21(28.8%)

Viable triplet pregnancy 2 (2.5%) 1(1.4%)

Spontaneous abortion 2 (2.5%) 3 (4.1%)
Note: Patients with 1-3 embrycs were exduded from analysis. CPR = dinical pregnancy rate; IR = implantation rate; other abbreviations as in Supplemental Table |
Goodman. Time lapse~assisted embryo selection. Fertil Steril 2016.

July 3,2016 ESHRE 2016 - PCC 13 57
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LACK OF CONSENSUS

| Putative Kinetic Markers |

Climcal re
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Human Repreduction Update, Vol.20, No.5 pp. 817-631, 2014
Advanced Access publicaton on june 2. 2014 doi] 0.1093 /hurmupd/dmud23

[
I Few data indicate whether TLM effectively distinguishes
between embryos with high and low implantation potential.
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Figure 2 Schematicof pr by withcorr I pe hers from 9 ofthe |3 studies with time values reported.
When there was no significant difference observed bcmn implanters’ and ", onily the value fi yosis sh dack).
‘When significant differences were reported, the ‘implanter’ vahses are showningreen, and non-implanters’ arein red. Mvﬂuﬁmuwswﬂmhours as
mean + standard deviation or mean (5% confidence interval) for normally distributed variables, and median (minimum:maximum) for non-normally
distributed variables. P, pronuciel. Modified from Chen et ol. (201 3),
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human REVIEW Embryology
reproduction

G Table Il Inconsistencies in the current nomenclature for time-apse markers.
Developmental milestone Name of time-lapse Description of time-lapse marker
marker
Duration in the 2-cell smge DC2-3 Direct deavage (Rubio etal., 2012)
P2 Parameter 2 (Wong et al., 2010; Chen et al., 2013; Conaghan et al,, 2013)
i2 Interphase 2 (Hlinka et al., 2012)
cc2 Cleavage cycle 2 (Meseguer etal, 2011, 201 2; Chamayou etal, 2013)
Duration in the 3-cell stage 2 Synchronicity 2 (Meseguer et al, 2011, 2012; Chamayou etal, 2013;
Kirkegaard etal., 201 3a)
2 Cleavage 2 (Hlinka et al., 2012)
P3 Parameter 3 (Wong et al., 2010; Chenet al., 2013; Conaghan et al., 2013)
Duration in the 4-cell sage o3 Cleavage cycle 3 (Meseguer etal, 2011, 2012)
i3 Interphase 3 (Hlinka et al., 2012)
Time from the 2-cell w 4-cell smge ccd Cleavage cycle 2 (Hlinka et al., 2012; Kirkegaard et al,, 2013a)
Time from the 3-cell w 5-cell smge a3 Cleavage cydle 3 (Chamayou et al, 2013)
Time from the 4-cell w B-cell stage cc3 Cleavage cycle 3 (Hiinka et al., 2012; Kirkegaard et al,, 2013a)
s3 Synchronicity 3 (Freour etal., 201 3)
Time from the 5-cell o 8-cell smge s3 Synchronicity 3 (Chamayou et al., 2013)
3 Cleavage 3 (Hlinka et al,, 2012)
Time from the 5-cell w 9-cell stage ccd Cleavage cycle 4 (Chamayouetal., 2013)
s s
(2011)
Time point of the 5-cell stage Meseguer et dl. Pregnancy 228 Yes®
(o11)

CONFOUNDING FACTORS

| Embryo Morphokinetics |

Etiologyafinfertility
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Gurbuz et al. Journal of Ovarian Research (2016)9:22

The percentage of optimal embryos according to kinetic markers were
significantly higher in GnRH agonist group than hCG triggering

group.

GnRH agonist triggering affects the kinetics @

Table 2 Embryo developmental kinetics according to the type of cocyte maturation triggering agent
Table 3 Percentages of optimal embryos whose cleavages are
" " " . " ” " " - 0.000
o included in optimal timing ranges with a predicted higher .
g implantation potential (Meseguer et al. 2011) according to type

t of triggering

y Embryo category GnRHa triggering hCG triggering p
tr (h) TS (%) 154 174 NS

‘Tl s2 00 420 248 0000 o
Q0 CC2 (%) 523 431 0.005 aan
52 () 0151
e Data are presented as % (n) for each category. The proportions of optimal i

. | embryos in each category were compared using the x* test. NS. no statistically 0071
significant differences were found -

Results are
£ time, h howr, [re; appearance of second polar body tme both pronudel faded, cc cell cyde 5, synchrony

July 3,2016 ESHRE 2016 - PCC 13 63

httpz/jinformahealthcare.com /gye
ISSN: 0951-3590 (pring), 1473-0766 (ekectroni) HEY P

The use of a total FSH dose more than 2500 U was
accompanied by prolongation of kinetic time parameters. -

ORIGINAL ARTICLE

Analysis off 72 hbryos
in ART cyc * W <2500 (n=515)
} >2500 (n=80)
Mykola Grygorie 60
V.. Gryshchenko Clini 48 -+ *
2
2 36
£
24 1 I *
*
0+ " . i
t5 t4 13 © cc3 cc2

Figure 2. Timing of embryo events (h) in ART cycles with various total
FSH doses (value for separation of groups is 25001U). *-differences
between groups are significant (p<0.05).

July 3,2016 ESHRE 2016 - PCC 13 64
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Reproductive BioMedicine Online (2012) 25, 474- 480

Embryos generated by standard IVF

f@‘;shre underwent the first and second cleavage considerably later
: and had a shorter cleavage time intervening between the
2- and 3-cell stages.

Table 1 Cleavage times from the Z- to the B-cell stage and

relative intervals between divisions for standard IVF and ICSI
CIeavage k‘ embryos developing to the blastocyst stage
prEdICtS de 'S((T' Standard ICSI P-value ion

mr:; val IVF (n=73) {n=78)
Mariabeatrice D i
Elena De Ponti § 2-cell 28.6+2.6 27.0+ 3.1 0.0005
Ruggero Comi al 3-cell 38.7:3.3 37.6 + 3.7 0.02

4-cell 40.2 + 3.1 39.8+55 NS

5-cell 51.4:+4.8 50.3:7.2 NS

6-cell 53.2:+4.8 53.2:8.6 NS

7-cell 56.6 + 6.1 56.6 + 9.9 NS

8:-cell 608479 609 +106 NS

2-3-cell 103219 10.6 + 2.0 0.002

F—d-cett =25 2235 NS

2—4-cell 11515 12.8+3.3 NS

4-8-cell 20.7+6.9 21.4:8.4 NS

5-8-cell 9.816.5 10.6 9.2 NS

Values are mean+SD time in hours. NS=not statistically

significant.

PREMATURE ADOPTION OF INNOVATION

| Sound Clinical Reasoning |
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Human Reproduction, Vol.27, No.5 pp. 1277-1285, 2012
Advanced Access publication on March 14, 2012 doi:10.1093/humrep/des079

human REVIEW Embryology
reproduction
Table il Rl o with th f Health lap: for embryo selection.
Study title Year Chnicaltrialsgov  Spomor Location (5) Principal Stans Design Purpose
rogistored  identifier imveatigatar
Carrslerg Time- Lo W NCTOIEISHS Ausmopm e ReprodetveMedern  Rchard Seott,  Actvnnot  Prospectivn To citarire d there 1 &
Parameters Demcred by the Amocimes {USA) . HD recriiong cbaenatonal comelanon berween tme lipse
Era™ Sptem With paramesers srd comprehersin
Compeehersive Chromosonme: chromosonne screening resuls
Seropning Resudts, Implactason
and Live By
e o W11 MNCTOITH0ITE Boom VEard  Lilvati Hopital and Hribkoih Pal. Acshnnat  RCT To compans mplirtasen
Pocenaal of Embryos by Feribty Center  Rewearch Conter (inda)  MD recnaong potental of embryos selected by
Tine-Lapae Technology thme-lape 10 those velected by
cormentiond morphaogy
Embryo Selecion by 12 NETOIE9484) Kokl insmae  Waal instinue WV Pewrioas,  Recueong  RCT T determmine whether cinical
Tiera- Lagria Maritorrg kor VF Carger Corar (Hurgary) pregrancy rabes wing TLM ane
Sogle Embryo Tramfer superior to conentional
merphelopy for ungle blaset
transter.
Chrical Vilcason of Embrys 2012 NCTOI54262 Ut V1 Vaderca [Span) Mareos Recrumrg  RCT Ta datnmrene whether the
Culture and Selecson by Walencianc de Meseguer, PO hierarchal time- lapee model for
Horpholinenc Aralysi Inferubdad embryo selecion (Meseguer eral .
Spain 2013) improves cngeng
pregrancy races compared with.
tormertiond morphalogy
USEea™ Pregnancy 112 NCTOT 1457 mogminc.  Fersiey Ppicams of ShebaShen  Recumng  Case-conorol Tocompare implarcasion razesfor
reemigationl Chrical Study Morthern Calformia MO Dy 3 embrya transbers wing TLM
(LS EMC) usAy phas convenzional morphology
vorua comargoral marphology
abone
Era™ Pragrancy W2 MCTONGT 644 Aumopm e, GareUsriyHowpitd  SwhuaShen,  Recumrg  Case-—control To evaluate the impact of TLM
Ivesziganional Chical Sty A {Belgum) and VL ] phus convensional morphology on
Penmuarks Folow Up Saudy Univeriity Maedical cheacal pregrancy e,
Carer (Matherlands) cerrgurnd with & matched congel
Poup g convenional
merphelogy slone
HERGE: MukicEnaer ReGuaary 2013 MCTOME | G2 Ausogym.inc.  Muluple peivate ard Shebuathen  Recqueng  Prospectve Ta record the cinical pregrancy
WAith Bpa™ ‘scademic carters in M ratny el

Caldornia. Cornecicus,
Binci, Mew Terk, Ohic
and Texas (LSA)

{nan-companiave
)

v
with convensional marphology
pls TLM

FALSE ASSUMPTIONS

KINETICS ASTHE SOLE PREDICTOR

OF EMBRYO VIABILITY

PARAMETERS OFVIABILITY
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¢ As the steps of embryo development can be precisely
standardized, Time Lapse Imaging could be useful for:

> Research and Development purposes by

Improving our understanding of early embryonic
development in vitro

Using kinetic markers as surrogate measures of
optimal embryo development for innovative
developments in the field

o Laboratory Quality Control

July 3,2016 ESHRE 2016 - PCC 13 70
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resources.

¢ The identification of embryos with high developmental

== potential through monitoring of early kinetic events

> May allow embryos to be selected for early day 3
transfer, thus avoiding extended in vitro culture.

> Could pre-select the best-cleaving embryos before
blastomere biopsy for Pre-Implantation Genetic
Diagnosis PGD, thus reducing the diagnostic time and

July 3,2016

ESHRE 2016 - PCC 13

71

July 3,2016
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I You advise Andrea that Time Lapse technology has been shown to:

A.  Enhance selection of high quality embryos, thus enhancing clinical
reproductive outcome.

: =

B. Enhance de-selection of low quality embryos, thus enhancing
clinical reproductive outcome.

»

! €. Enhance selection of high quality embryos, without necessarily
| improving clinical reproductive outcome.

Time Lapse Imaging appears to improve blastocyst
prediction compared with conventional morphology.
@shrc

While there appears to be a correlation between
abnormal morphokinetics and poor implantation, normal
cleavage kinetics do not guarantee post-implantation
viability.

While Time Lapse Imaging has the potential to
revolutionize clinical embryology,

there are currently no high-quality data to support its
usefulness for the selection of human embryos on the
basis of their implantation potential.
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Learning Objectives

At the conclusion of this presentation, participants should be able to
explain and discuss:

v WHY PGS is performed?
v WHEN to biopsy ?

v HOW to test?

—
{QUESTIONS ¥

v WHAT are the clinical results?

Université rH'l

de Moniréal

PGD versus PGS

Aim Identify genetically normal Achieve a live birth
embryos
Indication Monogenic disorder AMA
X-linked RIF
Chromosome abnormality RPL
HLA typing Severe male factor
Gender Selection ... Embryo Selection
Fertility Often fertile Infertile
Prenatal diagnosis Indicated Indicated for same risk factors as

natural conceptions

Harper et al. Hum Genet 2012

Page 45 of 276



IVF Success depends on

v" Embryo status
= Normal chromosome complement

v" Endometrial receptivity
= Negative effect of stimulation (Shapiro et al. Fertil Steril 2011)
= Transferin a frozen-thawed cycle?

v" Embryo-endometrial synchronization

v" Embryo transfer procedure

Unm-rslterl_'h
Aim of PGS

v" PGS: to increase clinical outcomes in IVF
= Euploid ET
= |nvasive embryo selection

v" Aneuploidies are frequent in IVF cycles

= High rate of embryonic aneuploidies (30% = 80%)
= LowIR (30% = 6%)

Munné S. Curr Genomics 2012
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Franasiak et al. Fert Steril 2014

e female partner: a review

d with preh

Université rH'l

e Montréal

[T T ——T
ey u ey e ——

| % No Euploid

Preimplantation genetic screening: a
systematic review and meta-analysis
of RCTs

S. Mastenbrook”, M. Twisk, F. van der Veen, and S. Ropping

PGS Cantrol
Study or Subgroup  Evonts Total Events Total Weight  Risk Difference Risk Difference, 95% CI
Indication Advanced Matarmal Age W-H, Fixed, 95% CI
Stasssan 2004 218 2 10 6% -005[0.11,002)
Mastentroak 2007 9 a0 o202 Ba% 0111020003
Hardarson 2008 3% 10 5 103% -014[026,-001)
Schookcrah 2008 B 2 16 0 SE%  -000(028022 fre=
2009 “ 10 50 8B% 008021008 >
Subtotal (95% C1) 57 525 100.8%  -0.08 [0.4,-0.07]

Total events. 95(18%) 136 (26%)
Heterogenaity: ChP = 2.51, 1= 4 (P = D64} 1= 0%
Teestfor overall effect 2 = 3.38 (P = 0.0007)

Indication Good Prognosis Patient M-H, Random, 5% CI

Sizessen 2008° I AW I 10 W 0001012012
Jansen 2008° 0 5 7 46 0% 02[04,003)
Meyer 2009 6 2 15 20 2%9% -036[083-010
Sublotal {§5% CI} 19 190 1000%  0A7[0.39, 04

Total events. 83 32%) T80 (42%)
Heterogeneity Tau® = 0.03, C = 827, df = 2 (P = 0.02); = 76%
Testlor overall effect 2 = 1.56 (P =0.12)

Indicasion Repested implantation Failure W-H, Fixed, 95% CI
Biockes! 2008 572 % 67 1000% 018033003
Subtotal {85% CI) 7 67 1000%  -0.18[.33,-0.03]

Total events 15{21%) 26 (39%)
Heterogeneity Mot apphcadie
Testfor overall efiect 7 =235 (P 0.02)

m @.L @Hh

— e ——
05 025 0 025 05

Favours Contral Favours PGS

* Trial was ferminated prematurely.
€1 = confidence interval, M-+ = Mantel-Haenszel method

Figure 2 The efiect of PGS on the lve birth rate per patient.
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Drawbacks of PGS-FISH & D3 biopsy

v' Limited number of chromosomes tested

v" Technical problems: subjective, hybridization failure, signal overlap,
and splitting

v" Negative impact of Embryo biopsy on development

v" Negative effect with FISH-PGS on IVF program

Mastenbroek et al. N EnglJ Med 2007

Université rH'l
de Mantréal

Oocyte biopsy

1st and 2" Polar Body Characteristics

v Simultaneous (8-12 h after ICSI)
or sequential

n v Performed where embryo biopsy
e : is considered illegal

Y
v
i

v Detects only maternal
anomalies (aneuploidies)

v' 30% of postmeiotic anomalies
V' not detected

s

Montag et al. Fertil Steril 2013
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Cleavage-stage biopsy

Day 3: 1 Blastomere Pros & Cons

o “ v Worldwide experience
v Enough time for fresh ET
v’ Suitable for many patients

CONS

v’ Less DNA

v" High rate of mosaicism
v’ Less implantation

Harton et al. Hum Reprod 2011

Université rH'l
de Mantréal

Blastocyst biopsy

Blastocyst: 3-10 trophectoderm Cells Pros & Cons

h
X
o
[}

More DNA: less no results

Less mosaicism: less error rate
No impact of embryo biopsy
Less embryos to test: lower cost
eSET possible

Frozen ET: better endometrial
environment

NENENENENEN

CONS
v" Not all embryos reach blasctocyst
v" Requires experience

Schoolcraft et al. Fertil Steril 2010
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Cleavage-stage or Blastocyst biopsy?

Cleavage-stage biopsy significantly
impairs human embryonic
implantation potential while
blastocyst biopsy does not: a
randomized and paired clinical trial

Richard T, Scott Jr. MD " Kathleen M. Upham, 8.5.° Eric J. Forman, M.D.." Tian Zhao, M.5.*
and Nathan R Treff, Ph.D. 50

* Reproductive Medicine detss of New e un-v " Division of Reprod lq-[mx vmn pariment of
Obtetricy, Lny ecalogy, productive Sclerces, uoom wmd ohnaon Medical School, uigers Univenity, New
Brunswick, Department of Grﬂﬂ L )e v-5tate University of New Jeney, 5‘Kﬂ awary, New Jeney

Fertility and Sterility® VoL 100 NO. 3/ SEPTEMBER 2013

Universlterl_'l:l
D3 versus D5-6

g g

&

Sustained Implantation Rate (%)
[ w
S S

=
o

o

Cleavage Blastocyst
Developmental Stage at Time of Biopsy

I Non-Biopsied Control B Biopsied

Scott et al. Fertil Steril 2013
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Genetic Analysis in PGS

v FISH: old technology

v" Comprehensive Chromosome Screening (CCS): new technology
= aCGH

= SNP microarray

= qPCR g \@ -‘TT

Probe labeling
s | Array CGH: The Complete Process /

SNP amay
2 Nisle A
I Hybwidization m
= 3
m—

vovess STTEE

@ Haimal

@ Deletion

Miele B Abele A

@ Duphcatian

Université rH'l
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Advantages of CCS

v Complete 24-chromosome analysis

v No pre-IVF validation required by parental DNA
v" Automated analysis, < 24 hours (aCGH, qPCR)
v ICSI not required

v Fresh ET still possible (if D3 or D5 biopsy+aCGH/qPCR)

Handyside A. Fertil Steril 2013
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Studies for PGS with CCS technology

v" MOSTLY: Prospective & Retrospective Observational studies

v" Randomized controlled trials (RCTs)
= ONLY 3 RCTs
= 1 with aCGH, 2 with qPCR
= 2 from same group !

PGS-aCGH on D5-6: 1st application

niversité
de Mantréal

Clinical application of comprehensive chromosomal
screening at the blastocyst stage

William B. Schoolcraft, M.D..* Elpida Fragouli, Ph.D,™ John Stevens, M.S.." Santiago Munne, Ph.D.°
Mandy G. Katz-Jaffe, Ph.D." and Dagan Wells, Ph.D., FR.C.Path™®
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TABLE 2

C i of patient and cycle for pati with screening and a set of
contemporary cycles from the same clinic.
Comprehensive
Contemporary chromosome screening
comparison group group
{n=113) {n = 45)
Average maternal age (v} ara 3r.7
Average no. of previous falled IVF treatments 1.24 2.42
Day 3 FSH t:u} 76 7.3
no. it per cycle 184 18.6
A\raraga no. ofhlaslocysts transferred per cycle 2.7 (299 transfrred 2.0 (90 transferred in 45 cycles)
in 113 cycies)
Biochemical pregnancy (positive pregnancy test) per B4.0% (95/113) 82.2% (37/45)"
cycle®
Implantation rate (proportion of fransferred embryos 46.5% (139/298) 72.2% (B5/90)°
producing a fetal sac)
Implantation rate (proportion of fransferred embryos 44.8% (134/298) 68.9% (52/90)°
producing a fetus with heartbeat)

" P 00071 (chi-squared fest with Yates correstion),
© P 0007 (chi-squared test with Yates correction).

fr. Clinteal licarton of CGH on bt

Feernil Stenil 2000,

* Only one patient had no euploid embryos avallable for fransfer. The pregnancy rate per cycle with an embryo transfer was 84.1% (37/44).

Université rH't

de Montréal

Summary of RCTs on New PGS

v' Yang et al 2012: aCGH on D5-6 + fresh ET D6 (eSET)

v" Forman et al 2013: gPCR on D5-6 + Fresh-Frozen ET (eSET vs DET)

v" Scott et al 2013: qPCR on D5-6 + Fresh ET D6 (DET vs DET)

S o N e Lsasose

Yang et al. 2012
Forman et al. 2013 89
Scott et al. 2013 72

31.2
35.1
32.2

5.8
71
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PGS: eSET+aCGH and Fresh D6 ET

Table 3 Comparison of laboratory findings and clinical
outcome among IVF patients undergoing SET with
embryo assessment by aCGH + morphology (Group A)
and blastocyst morphology alone (Group B)

o o o Mt Cymmpeemes F1 K34

TR P b et L e MOLECULAR
CYTOGENETICS A B P
Fresh blastocyst transfer according to 55(100) 48 (100}
morphology assessment:
Selection of single blastocysts for fresh transfer Grade 5/ 31(564)  28(583)

via standard morphology assessment alone and Grode 4

21(382 193968  0677°
with array CGH for good prognosis IVF patients:

= : Grade 3 3 (54) 1.0
results from a randomized pilot study o
i S . X SERoh T Clinical pregnancy 39 (709) 22 (458) 0017
.’".'\0'\'.“]_'_\’; Jaen L, Gary 5 Collrs”, Shala A Saler, Mlaohong Liu”, Sarah § Lyle', Alson C Peck
E:Scoa Si™ and i D Salem Ongoing pregnancy (220wks GA) 38(69.1) 20417  0009°
Missed abortion 1(26) 2{9.1) 0.557"

Notes: All data reported as n (%). SET =single embryo transfer; aCGH =array
comparative genomic hybridization; GA = gestational age * by Chi-squared test
b by Fisher's exact test.

1st|VF, < 35 years old, Normal Karyotype

22

unersie th In vitro fertilization with single
euploid blastocyst transfer:

a randomized controlled trial Fertility and Sterility®

oA VOL. 100 NO. 1/JULY 2013
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-
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Blastocyst biopsy with
U"-:'fﬁ'fﬁ:ﬁ comprehensive chromosome
screening and fresh embryo transfer
significantly increases in vitro
fertilization implantation and
delivery rates: a randomized Fertilitv and Sterilitv®

SRSnEen Wist VOL. 100 NO. 3 / SEFTEMBER 2013

100
a0
80
70
60
50
40.
30
20 +
10
0

Chemical Clinical

mCCs
® Control

Qutcome per treatment cycle: Delivery rates are statistically
significantly increased in treatment cydes in which embryos
undergo comprehensive chromosome screening (P=.03). The initial
chemical and clinical pregnancy rates were not different.

Scott. RCT showing CCS improves delivery rates. Fertil Steril 2013,

Université rH't
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Reproductive BioMedicine Online (2015) 30, 281-289

www.sciencedirect.com
www.rbmonline.com

FVIER
ARTICLE

Impact of blastocyst biopsy and () s
comprehensive chromosome screening

technology on preimplantation genetic

screening: a systematic review of randomized
controlled trials

Elias M Dahdouh *™<*, Jacques Balayla ¢, Juan Antonio Garcia-Velasco ¢
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Human Reproduction, Vol.30, No.1 pp. 473-483,2015
A d Access publicath L ber 28, 2014 doiz1 0.1093/humrep/deu303

human

reproduction

The clinical effectiveness of
preimplantation genetic diagnosis for
aneuploidy in all 24 chromosomes
(PGD-A): systematic review

Evelyn Lee*, Peter lllingworth?, Leeanda Wilton3,

and Georgina Mary Chambers'

"Mational Perinatal Epidemiclogy and Statisties Unit, Seheol of Wemen's and Children’s Health, University of Mew South Wales (UNSW),
Level 2, McMNevin Dickson Building, Randwick Hospitals Campus, Sydney 203 |, Australia “IVF Australia Pry Ltd, 176 Pacific Highway, Greenwich,
Sydney 2065, Australia *Melbourne IVF, Victaria Parade, East Melbourne, VIC 3002, Australia

*Correspondence address, Tel: +61293821014; E-mail: evelyn leegiunsw.edu.au
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Human Reproduction, Vol.0, No.0 pp. 1 -2, 2015

human

reproduction

Preimplantation genetic
screening using comprehensive
chromosome screening: evidence
and remaining challenges

Elias M. Dahdouh'>** Jacques Balayla® and Juan Antonio Garcia-Velasco®
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No. 323, May 2015 (Replaces No. 232, August 2009)

Technical Update: Preimplantation Genetic
Diagnosis and Screening

This technical update has been prepared by the Genetics
Committee and approved by the Executive and Board of the
Society of Obstetricians and Gynaecologists of Canada.
PRINCIPAL AUTHORS

Elias M. Dahdouh, MD, Monireal QC

Jacques Balayla, MD, Monireal QC

Francois Audibert, MD, Montreal QC

GENETICS COMMITTEE

J Obstet Gynaecol Can 2013;37(5):451-463
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Recommendations

8. Premmplantation genetic screening using
fluorescence in situ hybridization technology on
day-3 embryo biopsy 1s assocated with decreased
live birth rates and therefore should not be
performed with in vitro fertilization. (I-E).

9. ( Preimplantation genetic screening using
comprehensive chromosome screening technology
on blastocyst biopsy increases implantation rates
and improves embryo selection m IVF cycles in

atients with a good prognosis. (I-B).

Dahdouh et al. SOGC Guidelines PGD-PGS. J Obstet Gynaecol Can 2015
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ORIGINAL ARTICLE: GENETICS

Comprehensive chromosome
screening improves embryo
selection: a meta-analysis

Elias M. Dahdouh, M.D., M.Sc.,*P< Jacques Balayla, M.D.,° and Juan Antonio Garcia-Velasco, M.D., Ph.D.¢

* Assisted Reproduction Center, CHU Sainte-Justine, University of Montreal, Montreal, Quebec, Canada; ® PROCREA Clinics,
Montreal, Canada; © Department of Obstetrics and Gynecology, University of Montreal, Montreal, Canada; and ® Instituto
Valenciano de Infertilidad (IVI) Madrid and Rey Juan Carlos University, Madrid, Spain

@ CrossMark

Fertility and Sterility® VOL. 104 NO. 6/ DECEMBER 2015
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Clinical implantation rate

Heterogeneity: Chi? = 1.34, df = 2 (P = 0.51); I = 0%
Test for overall effect: Z = 4.27 (P < 0.0001)

Sustained implantation rate (> 20 weeks gestation)

PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 5% CI
Yang et al. 2012 38 55 22 48 133%  1,55(1.09,2.20] ——
Forman et al. 2013 55 87 B89 172 33.9% 1.22 [0.98, 1.52] "
Scott et al. 2013 107 134 103 163 S2.7% 1.26 [1.09, 1.46] ——
Total (95% CI) 276 383 100.0%  1.29 [1.15, 1.45] -
Total events 201 214

5 2

05 o1
Favours Control

1.
Favours PGS-CCS

Test for overall effect: Z = 4.61 (P < 0.00001)

Meta-analysis of RCTs on PGS-CCS vs. routine care.,
Dahdouh. CCS and embryo selection. Fortil Stevil 2015

PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Evenis Total Weight M-H, Fixed, 85% CI M-H, Fixed, 95% CI
Yang et al. 2012 38 55 20 48 14.5% 1.66 [1.14, 2.42] TR
Forman et al. 2013 54 B7 B3 172 37.8% 1.29[1.03, 1.61) —
Scott et al. 2013 B9 134 7| 163 4TT% 1.38 [1.14, 1.70]
Total (85% CI) 276 383 100.0%  1.39 [1.21, 1.60]
Total events 181 181
Haterogeneity: Chi* = 1.29,df = 2 (P =0.53); P=0% 0:5 0:? H !fs é

Favours Control

Favours PGS-CCS
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Clinical implantation rate
PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgrou, Events Total Events Total Weight M-H, Fixed, 5% CI M-H, Fixed, 95% CI
Shar ot al. 2009 36 94 42 N B8% 277 [1.80, 4.04] =
Schoolcraft et al. 2010 &2 a0 134 2809 275% 1.54 [1.27, 1.85] -
Fighel et al. 2011 12 15 187 50% 3.45[1.95,6.10] _—
Forman et al, 2012 BE 140 101 182 389% 1.11[0.82, 1.33]
Keitz ot al. 2013 30 &7 253 1321 9.3% 275210, 3.60] -
Greco et al. 2014 28 41 9 41 4.0% 3.11[1.68, 5.75] T
Lee et al 2015 28 55 16 63 66% 2,00 (122, 3.29)
Total (95% CI) 589 2404 100.0% 1.78 [1.60, 1.99]
Total events 3 5M
Heterogeneity: Chi* = 51.50, df = 6 (P < 0.00001); I = 88% 0.2 R 2 5
Test for overall effect: Z = 10.31 (P < 0.00001) " Favours Control - Favours PGS-CCS
Sustained implantation rate (> 20 weeks gestation)
PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sher el al, 2009 M w4 39 311 149%  2.88(1.94,429) | —
Forman et al. 2012 77140 76 182 546%  1.32[1.05,1.65] —i—
Les etal 2015 25 55 12 63 82% 2.38[1.33,4.29]
Feichtinger et al. 2015 2 10 60 403 212%  1.77[1.20,262)
Total (95% CI) 309 950 100.0%  1.75([1.48, 2.07]
Total events 165 187 |
Heterogeneity: Chi* = 13,10, df = 3 (P = 0.004); P = 77% 0.2 0.5 ; 2 5
Touk for ovecal wffect: Z = 6,49 (P < 0.00001)} Favours Control  Favours PGS-CCS.
Meta-analysis of observational studies on PGS-CCS vs. routine care,
Dahelouh. CTS and embryo selection. Ferti Sterd 2015.

UIIMI‘S“@I‘"I‘
, Prerequisites for PGS-CCS

oniréal

v Experience in extended embryo culture (%blastulation)
v' Experience in Blastocyst biopsy (or D3 biopsy)
v Validated and tested CCS platform

v’ Effective cryopreservation program (Frozen ET)
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Is PGS used in your clinic?

100 23%
60
40 -
20
o .
Yes Ne Total

IVF Worldwide. PGS survey 2016

Université

de Moniréal
1) Which patients are being offered to include PGS in their
treatment cycle?
» 6% 100%
100 A%
T
80
60
40
2%
20 -
0 5
Patients with Patients with Patients with Goodprognosis Al patients Total
p P in your clinic
maternal age implantation abortions
(>35 years) failure and normal
karyotype

IVF Worldwide. PGS survey 2016

Page 60 of 276



Université
de Moniréal

2a) Patients with a low ovarian reserve are excluded

%
100
80 -
60
40 -
20 - 17%
.| I

Yes

IVF Worldwide. PGS survey 2016

Université
de Mantréal

4) Who is responsible for the funding of the PGS part of the IVF
cycle?

1% 1% 100%

PGS is covered
by the patients’
insurance

atients are payi
out of pocket

PGS s funded Other
by public sector

IVF Worldwide. PGS survey 2016
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TABLE 1
C ics of and studies.
Embryo Genetic
Study Design Indication biopsy platform Main outcomes
Randomized studies
Yang et al., 2012 (24) Pilot RCT Good-prognosis patients, Blastocyst aCGH Clinical PR, ongoing PR
1st IVF cycle {=20 wk)
Forman et al. 2013 (22) Noninferiority Mormal ovarian reserve, Blastocyst qPCR Ongoing PR (>24 wk),
trial (RCT) <1 previous IVF failure multiple PR
Scott et al.,, 2013 (75) RCT Normal ovanan reserve, Blastooyst qPCR Sustained IR, delivery rate
<1 previous IVF failure

Observational studies

Sher et al., 2009 (58) PCS AMA + RIF + RPL Cleavage mCGH IR, Live birth rate
Schoolcraft et al., 2010 (55) PC5 Previous IVF failure Blastocyst aCGH IR
Fishel et al., 2011 (79) PCS RIF Polar Body aCGH IR
Forman et al,, 2012 (23) RCS 1st SET cyde Blastocyst qPCR Ongoing PR (>12 wk)
Keltz et al., 2013 (76) RCC AMA + RIF + RPL Cleavage aCGH IR
Greco et al., 2014 (43) PCS RIF Blastocyst aCGH IR
Lee et al,, 2015 (77) RCS AMA Blastocyst aCGH IR, Live birth rate
Feichtinger et al., 2015 (78) RCS RIF + AMA Polar Body aCGH Live birth rate
Note: aCGH = array comparative genomic hybridization; AMA = advanced matermal age; IR = MCGH = o Adization; GPCR =
polymerase chain reaction; PCS = prospective cobort study; PR = pregnancy rate; RCC = trol; RCS = cohort study; RCT = randomized controlled trial; RiIF

= repeated implantation falure; RPL = recurrent pregnancy loss; SET = single-ambiryo transher,
Dahdouh, OCS and embryo selection, Fertd Stenl 2015.

Université rH'l

e Montréal

PGS-CCS: the debate still Continues !

v Embryo banking in poor prognosis: No Proven benefit !

v’ Extrapolation to other patient categories remains unclear:
= Low responders: AMH<1.1 or AFC<8 (Scott et al. NCT01977144)
= D3 biopsy with CCS (Rubio et al. 2014 NCT01571076)
= PGS-CCS for RIF or RPL...
= D3 vs. D5 biopsy with CCS...

v’ Cost effectiveness: cumulative live births after PGS-CCS vs. controls ?

Dahdouh et al. Fertil Steril 2015
Dahdouh et al. RBMOnline 2015
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CORRESPONDENCE

Healthy Babies after Intrauterine Transfer of Mosaic Aneuploid
Blastocysts

N Engl J Med 2015; 373:2089-2090 | November 19, 2015 | DOI: 10.1056/NEJMc1500421

Ermanno Greco, M.D.

Maria Giulia Minasi, M.Sc.
European Hospital, Rome, Italy
ergrecol@virgilio.it

Francesco Fiorentino, Ph.D.
Genoma Molecular Genetics Laboratory, Rome, Italy

40

Université rH't
de Montréal

Take Home Messages
PGS: Is it delivering on its promise?

v To increase LBR with FISH on D3?
NO (I-E)

v To increase IR and improve embryo selection with CCS?
YES, for good prognosis patients (I-B)

v To increase LBR with CCS?
PROBABLY YES, for good prognosis patients (I-C)

v To increase LBR for RIF & RPL?

PENDING, YES (1I-B) A
v To increase LBR in poor responders? A
PROBABLY NOT (llI-C) >
A
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Between Hope and Hype?
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ICSI Cycle
Results with
Varying-Degrees .
of Male Factor
Infertility
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ICSI Pregnancy Rates for Obstructive
Azoospermia (Testis Vs. Epididymis)

MESA OA TESE OA
Fresh & Frozen Fresh & Frozen

ICSI Live Birth Rates for Obstructive
Azoospermia (Testis Vs. Epididymis)

MESA OA TESE OA
Fresh & Frozen Fresh & Frozen

Overall
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ICSI Pregnancy Rates for Non-Obstructive
Azoospermia (Testis Vs. Epididymis)

MESA OA TESE OA TESE NOA
Fresh & Frozen | Fresh & Frozen | Fresh & Frozen

ICSI Live Birth Rates for Non-Obstructive
Azoospermia (Testis Vs. Epididymis

MESA OA TESE OA TESE NOA
Fresh & F Gliel = Fresh & Frozen
res rozen Frozen
159/377 33/99 52/230 | 23% | 244/706 35%
36-40 27/109 5/33 20/70 52/212
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Pregnancy Rates for Ejaculated Sperm in
2,186 Consecutive ICSI Cycles

<2 Million 2-5 Million 6-20 Million >20 Million
Sperm Sperm Sperm Sperm

- 222/473 102/184 137/262 402/747 863/1666
59/139 42% 23/53 43% 39/98 40% 88/230 38% 9/520 40%

M 287/658 129/253 180/379 499/1022 1095/2312

Absolute asthenozoospermia and ICSI:
what are the options?

C. Ortega"', G. Verheyen', D. Raick?, M. Camus', P. Devroey', and
H. Tournaye'

'Centre for Reproductive Medicine, Uriversity Hospital Dutch-speaking Brussels Free University, Laarbeeklaan 101, Brussels 1090, Belgum
IVF Laboratory, CHC Saint-Vincent, Rocourt, Belgium

*Commespondence address. Tel: +32-24-77-66-80; E-mail: caroline. ortega@uzbrussel be
Submined on February 20, 2011 resubmitted on March 24, 201 1; accepted on Aprl 4, 2011

Human Reproduction Update (2011) Vol. 17, No. 5
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Sperm Parameters and ICSI (1995):
Only No Motility Had A Negative Effect

» Only the injection of a totally immotile spermatozoon has an
overall negative impact on fertilization and pregnancy rates
(Liu et al., 1995).

Of the three basic sperm parameters (total sperm count,
sperm motility and morphology) : in 996 cycles ‘only one
condition had a negative influence on the result of ICSI: where
a completely immotile (presumably dead) spermatozoon was
injected into the oocyte’ (Nagy et al., 1995a).

Human Reproduction Update (2011) Vol. 17, No. 5

Absolute asthenozoospermia and ICSI:
What are the options?

* Necrozoospermia is a rare condition reported in only 0.2-0.5%
of infertile males and may have its origin either in the
epididymis or in the testis (Ahmadi and Ng, 1999).

But viable spermatozoa may be retrieved by testicular sperm
extraction (TESE) (Devreoy et al.,1994; Tournaye et al., 1996).

Therefore, it is recommended to perform ICSI in combination
with TESE in patients with proven necrozoospermia (Tournaye
et al., 1996)

Human Reproduction Update (2011) Vol. 17, No. 5
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Special applications of intracytoplasmic sperm injection:
the influence of sperm count, motility, morphology,
source and sperm antibody on the outcome of ICSI

Zsolt P.Nagy!, Greta Verheyen, Herman Tournaye and
André C.Van Steirteghem

Centre for Reproductive Medicine, University Hospital, Dutch-speaking Brussels Free University
(Vrije Universiteit Brussel), Laarbeeklaaan 101, B-1090 Brussels, Belgium

"To whom correspondence should be addressed

Human Reproduction (1998) Vol. 13 No. 1
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Special applications of intracytoplasmic sperm
injection:
The influence of sperm count, motility, morphology,
source and sperm antibody on the outcome of ICSI

» The results showed that neither the type nor the extent of sperm
impairment had an important influence on the outcome of ICSI
when ejaculated spermatozoa were used.

* Only two very rare conditions had a

strongly negative influence on the result of ICSI, i.e. where immotile
(presumably dead) spermatozoa or where round-headed
spermatozoa were injected into the oocyte.

Human Reproduction (1998) Vol. 13 No. 1

IMSI vs ICSI

SPERM SELECTION BY MORPHOLOGY?
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Influence of individual sperm morphology
on fertilization, embryo morphology, and
pregnancy outcome of intracytoplasmic
sperm injection

Anick De Vos, Ph.D., Hilde Van De Velde, Ph.D., Hubert Joris, M.T.,
Greta Verheyen, Ph.D., Paul Devroey, M.D., Ph.D., and
André Van Steirteghem, M.D., Ph.D.

Centre for Reproductive Medicine, University Hospital, Duich-speaking Brussels Free University, Brussels,
Belgium

Fertility and Sterility (2003) Vol. 79, No. 1

Influence of individual sperm morphology and sperm
origin on oocyte fertilization and embryo quality after ICSI.

Individual sperm morphology at microinjection

Normal Abnormal

Variable Ejaculated | Nonejaculated Total Ejaculate Nonejaculated

No. of oocytes 4,406 465 4,871 418 397
injected

Fertilization rate | 72.5+25.1 65.7+30.6 71.7£25.9 64.4+38.0 54.7£32.5 60.7+36.2
(%)?

Embryo quality® | 73.6£29.8 73.8434.2 73.7£30.4 72.5+35.9 72.1£35.2 72.3+35.5

oocyte for embryo quality.
)01), and the difference between the two morph

observed

Fertility and Sterility (2003) Vol. 79, No. 1
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Influence of Individual Sperm

*Embryo cleavage quality did not differ between groups.
*Higher pregnancy and implantation rates were obtained
with normal sperm morphology (36.7% and 18.7%) than
with abnormal sperm morphology (20.2% and 9.6%)

The implantation rate was lower when only the injection
an abnormal spermatozoon was possible.

Fertility and Sterility (2003) Vol. 79, No. 1
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Spermatozoa observed

(a) Low magnification

(b-d) High magnification

(¢) The shape and presence of vacuoles can be clearly observed
(d) A vacuole-free spermatozoon

Asian Journal of Andrology (2013) Vol. 15 No. 1

Sperm Morphology A Heterogeneous Diversity

)
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Kruger Staining
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ICSI High Magnification IMSI High Magnification

ICSI Low Magnification
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Intracytoplasmic injection of morphologically selected
spermatozoa (IMSI) improves outcome after assisted
reproduction by deselecting physiologically poor
quality spermatozoa

Martin Wilding - Gianfranco Coppola «
Loredana di Matteo « Antonio Palagiano «
Enrico Fusco - Brian Dale

J Assist Reprod Genet (2011) Vol. 28 No. 1
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Review of the IMSI Literature

Nu of cycles Fertilization rate (%) Implantation rate (%)

IMSI ICSI IMSI ICSI IMSI ICSI

Bartoov, 2003 50 50 64.5£17.5 65.5+21.5 27.9+26.4 9.5+15.3

Berkovitz, 2006 80 80 67.4+20.8 69.1+22.6 31.3+36.3 9.4+17.4

Antinori, 2008 94.8 94.5 17.3 1.3

Knez, 2011 51.2 52.7 171 6.8

Setti, 2011 68 73 23.8

Oliveira, 2011 65.4+23.5 62+26.5 13.6

Balaban, 2011 81.6x10.65 80.87+15 28.9

Marci, 2013 77.3 80 16.8

Asian Journal of Andrology (2013) Vol. 15 No.

RESEARCH Open Access

The IMSI procedure improves poor embryo
development in the same infertile couples with
poor semen quality: A comparative prospective
randomized study

Katja Knez , Branko Zorn, Tomaz Tomazevic, Eda Vriacnik-Bokal and Irma Vimnt=Klun

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1
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Classification of spermatozoa selected at 6,000 x
maghnification into 3 different categories

4 R

X

»

Class | — spermatozoa of good quality Class |l — spermatozoa of worse quality
Class Il — spermatozoa of poor quality
Legend: a,b,c — spermatozoa of Class |; d,e,f — spermatozoa of class II; g,h,| — spermatozoa of Class Il

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

ORIGINAL ARTICLE Embryology

Does intracytoplasmic morphologically
selected sperm injection improve
embryo development? A randomized
sibling-oocyte study

A. De Vos*, H. Van de Velde, G. Bocken, G. Eylenbosch, N. Franceus,
G. Meersdom, S. Tistaert, A. Vankelecom, H. Tournaye, and
G. Verheyen

Centre for Reproductive Medicine, Universitair Ziskerhuis Brussel, Laarbeeklaan 101, B-1090 Brussels, Belgium

*Correspondence address. Tal: +32-2.477-66-97; Fax: +32-2-477-66-92; E-mail: anick devosifiuzhrussel be

Submitted on September 27, 2012; resubmitted on October 28, 2012 accepted on November 26, 2012

Human Reproduction (2013) Vol. 28 No.3
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Does intracytoplasmic morphologically selected
sperm injection improve embryo development? A
randomized sibling-oocyte study

All couples were enrolled for ICSI because of oligo-astheno-

teratozoospermia

The present cohort of single embryo transfers in a comparable
patient population does not support an improved clinical outcome
with IMSI compared with ICSI

Human Reproduction (2013) Vol. 28 No.3

Fertilization and embryo development IMSI VS ICSI

IMSI (n = 1557)

ICSI (n = 1548)

P-value, paired
t-test

Fertilization (% per injected Mll
oocyte) Embryo quality

79.1£1.2

77.3+1.3

0.220

Day 2 (% top quality embryos/2-

PN)

35.0+£1.8

38.5+2.0

Day 3 (% top quality embryos/2-
PN)

37.0+1.9

38.5+1.9

Day 5 (% top quality
blastocysts/2-PN)

11.4£1.6

Day 2 (% total blastocyst
formation/2-PN)

Human Reproduction (2013) Vol. 28 No.3
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Clinical Outcomes IMSI VS ICSI

IMSI

ICSI

Mean female age

30.7+3.5

30.943.3

Mean number of embryos replaced

1.2+0.4

1.2+0.4

Number of positive hCG (% per ET)

55(44.0)a

68(48.9)7

Clinical pregnancy ° (% per ET)

43(34.4)°

51(36.7)

Implantation rate per embryo
transferred (%)

30.3

32.2

Human Reproduction (2013) Vol. 28 No.3

Does intracytoplasmic morphologically selected
sperm injection improve embryo development? A
randomized sibling-oocyte study

» The present sibling-oocyte study compares conventional ICSI
with a sperm selection method using higher magnification
(IMSI). No difference neither in oocyte fertilization rate, nor in

embryo quality was observed.

The clinical pregnancy rate and the implantation rate per
embryo transferred was similar for IMSI-only and ICSI-only

transfers.

The present data do not support any benefit of IMSI in a non-
selected population as tested here, with fresh ejaculated

sperm containing = 1 million/ml.

Human Reproduction (2013) Vol. 28 No.3
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Does intracytoplasmic morphologically selected
sperm injection improve embryo development? A
randomized sibling-oocyte study

« Those without vacuoles on the one hand and those with large
vacuoles on the other hand are very rare in patients
(respectively, 2.6 and 4.6%).

Prevalence of small vacuoles found in normal shaped
spermatozoa was extremely high (92.8% in patients,
comparable with 95.8% in fertile donors.

These should be considered as a common feature in normal

human sperm and not associated with pathology or DNA
damage

Human Reproduction (2013) Vol. 28 No.3

Does intracytoplasmic morphologically selected
sperm injection improve embryo development? A
randomized sibling-oocyte study

* While Vanderwalmen et al. (2008) found that blastocyst
formation is severely affected by the presence of large
vacuoles and/ or abnormal head shapes, the present study
only shows that blastocyst formation was not jeopardized
when using either Grade Il or IV spermatozoa

Beyond blastocyst formation the implantation rate per embryo
transferred was not affected

No significant differences were observed between
conventional ICSI and IMSI

Human Reproduction (2013) Vol. 28 No.3
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Does intracytoplasmic morphologically selected
sperm injection improve embryo development? A
randomized sibling-oocyte study

The proportion of spermatozoa with vacuoles within semen
samples hardly compromised the selection of suitable
spermatozoa for oocyte injection

The use of so-called ‘second-best’ spermatozoa had no major
implications on fertilization and blastocyst formation.

IMSI and conventional ICS| were comparable in terms of
oocyte fertilization rate and embryo development up to the
blastocyst stage.

Clinical outcome was similar for IMSI-only and ICSI- only
transfers

Human Reproduction (2013) Vol. 28 No.3

1 Adist Reprod Genat (2016) 33:340-355
DOI 10, 10741081 5-01 5-0645-5 @mm

GAMETE BIOLOGY

Intracytoplasmic morphologically selected sperm injection (IMSI)
does not improve outcome in patients with two successive
IVF-ICSI failures

N. Gatimel™* - J. Parinaud " - R. D, Leandri'™*

J Assist Reprod Genet (2016) Vol.33 No.1
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Intracytoplasmic morphologically selected
sperm injection (IMSI) does not improve
outcome in patients with two successive IVF-
ICSI failures

» Retrospective comparative study between IMSI and
conventional ICSI during a third ART attempt.

Two hundred sixteen couples with two previous ICSI failures
were studied between February 2010 and June 2014.

IMSI did not significantly improve the clinical outcomes
compared with ICSI, either for implantation (12 vs 10%),
clinical pregnancy (23 vs 21%), or live birth rates (20 vs 19%)

J Assist Reprod Genet (2016) Vol.33 No.1

Results of ICSI and IMSI cycles after two

previous ICSI failures

ICSI group IMSI group Statistical comparison
Number of cycles 127 89
Ovarian stimulation protocol
Long agonist 31 (24%) 22(25%) NS
Antagonist 96 (76%) 67(75%)
Total injected FSH units 20851021 20104833 NS
No. follicles 215mm (at last US monitoring) 7.3+2.5 7.5+2.9 NS
No. metaphase Il oocytes 6.9£3.1 8.1£3.6 P<0.01
Fertilization rate (%) 61+26 54124 P<0.05
No. embryos obtained 4.3+2.6 4.5+2.8 NS
% of good morphology embryos (score 3 and 4, Giorgetti 32+30 3635 NS
classification)
No. embryo transfers 119(94%) 86 (97%) NS
No. transferred embryos 2.3+0.8 2.3+0.8 NS
Clinical pregnancy rate per oocyte retrieval 28% (35/119) 27% (24/89) NS
Implantation rate 10% (28/270) 12% (23/194) NS
Ongoing pregnancy rate 21% (25/119) 23% (20/86) NS
Delivery rate per embryo transfer 19% (23/119) 20% (17/86) NS
Cycles with frozen embryo (% per transfer) 19% (23/119) 22% (19/86) NS
Number of frozen embryos per freezing 2.3+1.0 1.920.7 NS

J Assist Reprod Genet (2016) Vol.33 No.1
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Characteristics of studies assessing the
results of IMSI after several ICSI failures

Authors

Study Design

Study Population

Number of previous
ICSI failures

Implantation rate (%)

Bartoov et al.

Retrospective study

62 couples with altered semen
analysis, at least two ICSI failures;
comparison with 50 couples paired

according to number of previous
ICSI failures

41

ICSI 27.9
ICSI19.5
P<0.01

Berkovitz et al.

Retrospective study

80 couples with at least 2 ICSI
failure 3.9

IMSI 31.3
ICSI9.4
P<0.05

Antinori et al.

RCT

OAT 139 couples (62 ICSI, 77
IMSI)

22 (in subgroup C)

Knez et al.

RCT

57 couples (37 ICSI, 20 IMSI) male
infertility with altered sperm
parameters and arrested embryos
after prolonged 5-day embryo
culture in previous ICSI cycles

Not specified

IMSI 17.1
ICS16.8

NS (low number of
couples)

El Khattabi et al.

Prospective non-
randomized
observational study

220 couples (90 IMSI, 130 ICSI)

2 or more previous
ICSI failures

IMSI 16.7
ICSI 16.1
NS

Klement et al.

Propective non-
randomized
observational study

449 couples male infertility factor
(127 IMSI, 322 ICSI)

One ICSI failure

J Assist Reprod Genet (2016) Vol.33 No.1

Intracytoplasmic morphologically selected
sperm injection (IMSI) does not improve
outcome in patients with two successive IVF-
ICSI failures

IMSI does not improve the morphology of early embryos.

The way in which conventional ICSI is performed: accuracy of
sperm selection and particularly the magnification used: X200

or X400 (some abnormalities that are not visible at X200 might
be detected at magnification X400

Benefit of IMSI was enhanced in the case of severe
morphological alterations

IMSI does not improve clinical outcomes in couples with two
previous ICSI failures

J Assist Reprod Genet (2016) Vol.33 No.1
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Twelve years of MSOME and IMSI: a review
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Amanda 5. Setti obtained her BSc degree in 2005 at the University of Santo Amaro (UNISA) and specialized in
human assisted reproduction in 2007 at the Sapientiae Institute. At present, she is a scientific researcher of
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Reproductive BioMedicine Online (2013) Vol.27 No. 1

Twelve years of MSOME and IMSI: a review

Determine the proportion of spermatozoa, otherwise selected
for ICSI, that had morphological abnormalities.

The results showed that 64.8% of the analyzed spermatozoa
were deselected after digital analysis.

Reasons for rejection of spermatozoa included poor
morphology, the presence of multiple vacuoles, the presence
of vacuoles that occupied >4% of the nuclear area and poor
morphology of the mid-piece.

High magnification reveals morphological features not visible
using the conventional ICSI procedure

Reproductive BioMedicine Online (2013) Vol.27 No. 1
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IMSI drawbacks

» Sperm selection under high magnification is performed using
a glass-bottomed dish that is appropriate for Nomarski
microscopy.

On the other hand, the ICSI procedure is performed with a
plastic-bottomed dish that works with Hoffman modulation
contrast.

Therefore it is important to emphasize that switching between

the two systems requires additional time, delaying the
injection procedure.

Reproductive BioMedicine Online (2013) Vol.27 No. 1

Twelve years of MSOME and IMSI: a review

Ai et al. (2010) investigates whether IMSI with testicular
spermatozoa improves the clinical outcome in patients with
azoospermia. A total of 66 azoospermic patients were
provided with conventional ICSI and 39 with IMSI.

The results showed no difference between groups regarding
pregnancy rates

Reproductive BioMedicine Online (2013) Vol.27 No. 1
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Twelve years of MSOME and IMSI: a review

The results are controversial. These conflicting results might
have occurred due to differences in inclusion criteria,
stimulation protocols, seminal and oocyte qualities and many
other confounding variables.

SJS, “The conflict could be possibly that technicians are more
observant of sperm morphology with IMSI, but if they are
super observant with ICSI, results could be the same with
400X as with 600X to 1500X".

Reproductive BioMedicine Online (2013) Vol.27 No. 1

Is intracytoplasmic morphologically
selected sperm injection (IMSI)
beneficial in the first ART cycle?

A multicentric randomized

controlled trial

'2p D. Leandrl, A, Gachet, ¥|. Pfeffer, *C. Celebi, “N. Rives,
BF. Carre-Pigeon, “O. Kulski, . Mitchell and "%, Parinaud

it darine e la Repesduction, CHU de Toulos, Towlouss, France, “EA 3604, Groupe de Rechenche
e Ferflilé Humaine, Universté Paul Sabatier, Toulowie, France, *Laboratoine ZTP, Clinigue dela
DHUYS, Bagnobel, France, *Laboratois de Bologie dela Reproduction, CMOD Schiltighesm, CHRU
de Lk, Schittighwim, Fance, 3Labo Loire de Bologie de b Reproducton-CECOS, EA

4308 & Gamélogensse ol Thalilé du Gamete », CHU Hipitaus de Rouen, Rowen, Framos,

8 abratoine de Bologie de la Re produc € an-CECOS, THIU de Rems, Resrs, France, TLabara laire de
Biokgie de s Reproduction, Hopital de 4 Villes, Sivms, France, and "EA4308-Institul de L Biologie
die s Reproduction, CHAL de Lk, Lile, France

Andrology (2013) Vol. 1 No. 1
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Is intracytoplasmic morphologically selected
sperm injection (IMSI) beneficial in the first
ART cycle? A multicentric randomized

controlled trial

» IMSI did not provide any significant improvements in the clinical
outcomes compared with ICSI neither for implantation (24% vs.
23%), nor clinical pregnancy (31% vs 33%) nor live birth rates 27%
vs. 30%).

Moreover the results of IMSI were similar to the ICSI ones whatever
the degree of sperm DNA fragmentation, nuclear immaturity and
sperm morphology.

These results show that IMSI instead of ICSI has no advantage in the
first ART attempts. However, this does not rule out IMSI completely
and more randomized trials must be performed

Andrology (2013) Vol. 1 No. 1

Comparison of implantation rates between IMSI
and ICSI according to sperm characteristics

ICSI Statistical
Comparison

Implantation rate according DFI (%)

<10% 24 29 NS

10-22% 23 21 NS

>23% 29 30 NS

Implantation rate according aniline blue staining (%)

<10% 22 26 15 NS

10-23% 24 21 27 NS
>23% 28 30 25 NS

Implantation rate according the percentage of morphologically normal spermatozoa (%)

<1% 17 1 23 NS

1-7% 30 30 32 NS

>7% 27 30 25 NS

Implantation rate (%) according the number of motile spermatozoa recovered after preparation (10)

<0.13 30 32 26 NS

0.13-0.7 16 13 20 NS

>0.7 35 40 29 NS

Andrology (2013) Vol. 1 No. 1

Page 100 of 276



RESEARCH Open Access

Pregnancy outcomes in women with repeated
implantation failures after intracytoplasmic
morphologically selected sperm injection (IMSI)

Jodo Batista A Oliveira™*", Mario Cavagna3. Claudia G Petersen’, Ana L Mauri®?, Fabiana C Massaro™,
Liliane FI Silva™*, Ricardo LR Baruffi>® and Jose G Franco Jr'™

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

Pregnancy outcomes in women with repeated
implantation fialures after intracytoplasmic
morphologically selected sperm injection (IMSI)

» Results: No statistically significant differences between the
two groups were observed with regard to rates of fertilisation,
implantation and pregnancy/ cycle.

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1
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General study population; comparison between
morphologically selected sperm injection (IMSI) and
conventional intracytoplasmic sperm injection (ICSI)

groups

Total

IMSI ICSI

Fertilisation rate (%) 65.4+£23.5 62+26.5

Implantation rate (%) 13.6 9.8

Pregnancy/cycle (%) 26 19

Reproductive Biology and Endocrinology (2011) Vol. 9 No.1

(J[) Cochrane
ul# Library

Cochrane Database of Systematic Reviews

Regular (ICSI) versus ultra-high magnification (IMSI) sperm
selection for assisted reproduction (Review)

Teixeira DM, Barbosa MAP, Ferriani RA, Navarro PA, Raine-Fenning N, Nastri CO, Martins WP

Cochrane Library (2013) Vol. 7 No. 1
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Regular (ICSl) versus ultra-high magnification
(IMSI) sperm selection for assisted reproduction
(Review)

» We concluded that the current evidence does not support
using IMSI: there is no evidence of benéefit for live birth and
miscarriage, we are very uncertain of the beneficial effect of
IMSI in clinical pregnancy, and there is no evidence of the
effect of this intervention on congenital abnormalities.

More studies to improve the evidence quality are necessary
before recommending IMSI in clinical practice.

Cochrane Library (2013) Vol. 7 No. 1

RESEARCH Open Access

Clinical outcome after IMSI procedure in an
unselected infertile population: a pilot study

Roberto Marcih'”{ Fabien Mur sieru"‘, Giuseppe Lo Monte', llaria Soa\.ret Alain Chansonz{ Frangoise Umer’*
and Marc Germond®*

Reproductive Health (2013) Vol. 10 No. 16
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Clinical outcome after IMSI procedure in an
unselected infertile population: a pilot study

* Methods: Three hundred and thirty-two couples were
analyzed: 281 couples underwent conventional ICSI
procedure and 51 underwent IMSI technique.

Conclusions: Our preliminary results show that the IMSI
technique does not significantly improve IVF outcomes in an
unselected infertile population.

Reproductive Health (2013) Vol. 10 No.

Main characteristics of the patient and clinical-
laboratory outcomes in IMSI and ICSI| groups

ICSI IMSI P-value

Count/med . Count/med
ium ium

N° of cycles 281 51

Women age at pickup 34,98

Pregnancy rate (%) 30,96

Live birth rate (%) 11,39

Ongoing pregnancy rate (%) 7,47

Reproductive Health (2013) Vol. 10 No.
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FUTURE OF TESE: Stem Cells

* Retrieve testis tissue prepubertal
male cancer patients.

* Culture spermatogonial stem cells in
multiple passages to eliminate
cancer cells.

* Transfer pure stem cells back to
testis.

FUTURE OF TESE: Stem Cells

* For severe oligospermic males, retrieve testis
tissue and culture spermatogonial stem cells to
exponentially increase number.

 Then transfer back to testis via rete testis to
increase sperm count.
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SPERM AND EGGS FROM SKIN CELLS

Derivation of artificial gametes from iPS cells in mouse

T

i
o
Embryanie fibeablast

¥
5
Reprogramming fasiors
T
PE celle

Acitvin & Spermatocs
bFGF

e o
Epiblast-lile celle [EplLGs) Somatin ceds

from fotal ponads

BMPA . far =N
S0F Femiale *72"“ -
o

EGF
il

Fial—like
- IF Traneolantatsan
(PGS ] (ko pvariin birs

E1E S mmisrpcsl

Funansteuted -p\.--ur\.-*

4 wika

Page 106 of 276



Totipotent Pluripotent
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LEARNING OBIJECTIVES

Adherence Compounds in Reproduction

At the end of this presentation, the

participant should be able to:

Define the adherence compounds
Discuss the recent studies in this area
Understand the Cochran review studies

Be able to counsel patients about
adherence compounds

Adherence compounds in
embryo transfer media

Background
Early modifications of transfer media
The transition towards HSA
Macromolecules in media

Hyaluronic acid and reproduction

Hyaluronic acid in human IVF
Implantation
Pregnancy rates
Adverse events
Live birth

Summary
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Background

* Modifications in embryo transfer media to improve
implantation have been made since early days of human IVF

* Patient serum as a source of protein was commonly used in
early days of human IVF

* Hypothesis that high protein levels have a beneficial effect on
implantation

Feichtinger W, Kemeter P, Menezo Y. J In Vitro Fert Embryo Transf. 1986 Apr;3(2):87-92

Background

* Some comparative studies found better
results with human cord blood

* Human serum albumin (HSA) is used but
raises concerns of infectious disease
transmission.

* Synthetic serum substitute (SSS) has been
used to avoid infectious disease risk

Fertil Steril. 1991 Jul;56(1):98-101.. Khan |, Staessen C, Devroey P, Van Steirteghem AC.
Fertil Steril. 1995 Dec;64(6):1162-6. Hargreaves CA, Rahman F, Cowan D, et.al
Hum Reprod. 1997 Oct;12(10):2263-6.. Laverge H, De Sutter P, Desmet R,. et al.
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Background- Adherence Compounds

Role for macromolecules
in embryo transfer

Use of different
molecules for
improvement of embryo
transfer media:

fibrin sealant
Increased viscosity

Fertil Steril. 1989 Oct;52(4):680-2. Menezo Y1, Arnal F, Humeau C, et al.
Hum Reprod. 1992 Jul;7(6):890-3.. Feichtinger W?, Strohmer H, Radner KM, et al.

Structure of Hyaluronic Acid

Chemical structure first
determined by Weissman and
Meyer in 1954

OH OH
Anionic, non-sulfated 0
glycosaminoglycan -0 Q HOM
Found in almost all vertebrate Ho OH 0 NH
organs, widely distributed
throughout 0

— Connective tissue
— Epithelial tissue
— Neural tissues

Weissman B, Meyer K The structure of hyalobiuronic acid and of hyaluronic acid from ombilical
cord. J AM Chem Soc . 1954;27: 1753-1757.
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Hyaluronic acid and reproduction

Sperm function

— Huszar et al. 2007; Worrilow et al. 2013

Follicle development

— Babayan et al., 2008

Effects on pre-implantation development

— Gardner et al. 1999; Stojkovic et al. 2002; Palasz et al. 2006
Effects during cryopreservation

— Stojkovic et al. 2002; Lane et al. 2003; Palasz et al. 2008
Effects on implantation

Hyaluronan and mouse implantation

p<0.01

Effect of different

macromolecules on mouse ~ wx | [ | Falaronic AcdsAlburin
embryo development oo% 6% -

— BSA 80%

— PVA p<0.05

70%
— Dextran

— Hyaluronan 60%

S 51%

Effect of concentration on 0%
embryo development a0% 6%
Assessment of embryo o
viability .
Assessment of implantation -
and fetal development

0%

Implantation Fetus

Gardner DK, Rodriegez-Matinez H, Lane M. Human Reproduction. 1999, 14(10):2575-80
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Hyaluronan for embryo transfer

Hyaluronic acid is the major glycosaminoglycan present in follicular,
oviductal and uterine fluids

-Lee and Ax, 1984; Suchanek et al., 1994; Rodriguez-Martinez et al.,1998

Levels of the glycosaminoglycan Hyaluronic acid have been shown to
increase significantly in the uterus at the time of implantation:

— In mouse (Zorn et al., 1995)

— In humans (Salamonsen et al., 2001) uterus

Inclusion of Hyaluronic acid in embryo transfer medium has a significant beneficial
effect in the mouse model (Gardner et al., 1999).

How does hyaluronic acid promote implantation?

. Apposition
Improve cell-cell and cell-matrix

adhesion (Turley and Moore, 1984) @

Degradation products of hyaluronan
improve implantation (West et al., Adhesion

1985) @

Improved physical diffusion with
uterine secretion (Eytan et al.,
2004)

Receptor mediated biological @
function (Campbell et al., 1995)

Invasion
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Effect of HA on Human Implantation

¢ Randomized controlled trial ™
presented at ASRM 2002

* Day 3 transfer

* Embryo transferin G-2 orin s« 4%
EmbryoGlue p<0.05

¢ Control and study group o
similar for . 29%
— Age
FSH levels 20%
Ratio of ICSI
Number of 2 PN 10%

Number of embryos
transfered 0%

60% 59%

Pregnancy rate Implantation rate

EmbryoGlue® mG-2

Schoolcraft, et al. Increased hyaluronan concentration in the embryo transfer medium results in a
significant increase in human embryo implantation rate. Fertil Steril 2002; 76:55

Cochran Review 2010:
Hyaluronic acid improves Implantation

* |n 2010, The Cochrane
collaboration released a report:
“Adherence compounds in embryo
transfer media for assisted
reproductive technologies”
» Systematic review on adherence
compounds in IVF
* Included 15 randomized
controlled studies involving

hyaluronan
* Higher pregnancy rate (13 RCT’s) THE COCHRANE
— >3200 patients COLLABORATION

— Clinical pregnancy rate 50% vs 41%

Bontekoe et al., 2010 Cochrane Database Syst Rev, Jul7;(7):CD007421
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HA Improves Human Implantation

HA No or low HA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H, Fixed, 95% CI M-H, Fixed, 95% CI
Balaban 2004 137 193 124 193 116%  1.36(0.89,2.09) -
Dittnann-Mller 2008 19 54 8 48 20%  2.35(0.94,5.87) |
Friedler 2005 43 94 15 93  26%  438[2.21,8.70) -
Friedler 2007 18 &1 5 50 1.1% 4.91[1.65 14.57] -
Hazlett 2008 55 1186 45 107 79%  1.24[0.73, 2.11] ol i
KoroSec 2007 30 138 30 158 714%  1.19[0.67,2.09 i
Mahani 2007 8 30 § 30 11%  2.14[0.62,7.39) N i
Morbeck 2007 17 4 2 42 39%  0.71[0.30,1.69 1
Ravhon 2005 21 74 21 69 53%  083[0.40,1.69 =
Schoolcraft 2002 5 9 43 84 52%  1.68[0.92 3.07] o
Simon 2003 25 40 2 40 25%  1.51(0.62,3.68) —
Urman 2008 349 639 312 643 455%  1.28(1.03,1.59) =
Yakin 2004 26 64 22 65 4.2%  1.34[0.65 2.74] e
Total (95% CI) 1630 1622 100.0%  1.41[1.22, 1.63] < (]
Total events 807 673
Heterogeneity: Chi*= 23.52, df=12 (P = 0.02), F= 49% EU 0 U¢1 1=IJ 1EIIJ=

Testfor overall eflect: Z= 4.68 (P < 0.00001) faare wo A B

Bontekoe et al., 2010 Cochrane Database Syst Rev, Jul7;(7):CD007421

HA Benefits IR and CPR

* Purpose of study:

— Assess impact of hyaluronic acid on implantation and
clinical pregnancy rate

— Includes cleavage-stage (825) and blastocyst (457)
transfers
 Study design:
— N=1,282 consecutive fresh embryo transfer cycles
randomly allocated into two groups
— Trial group: EmbryoGlue® 639 women
— Control group: G-2 643 women

Urman et al. Fertility and Sterility 90 (3). 2008
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Hyaluronic Acid Improves clinical
pregnancy rate (per embryo transfer)

60%

50%

40%

30%

20%

10%

0%

p<0.01 p<0.01
55%

52%

Overall Previous implantation failures Women 235 years of age Poor-quality embryos

Subgroup analysis

M Culture medium G-2 MW EmbryoGlue®

Urman et al. Fertility and Sterility 90 (3). 2008

Number needed to treat on clinical

pregnancy rates

18
16
14
12
10

OoON B O ®

17

Overall, 17 patients had to undergo
Embryo Transfer with HA to achieve one

additional gnancy
.

0

All Women Women Women|Women Women Women|Women Women
women 235y of with PIF with no | 235y of with PIF with no 235y of with PIF
age GQE age GQE age

Overall

Day 3 transfers Day 5 transfers

Urman et al. Fertility and Sterility 90 (3). 2008
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Urman: HA Benefits IR and CPR

e Summary of Urman study:

— Improved implantation rate

— Improved clinical pregnancy rate

— Improved day 3 and day 5 transfers
* Benefits seen in women with:

— Age > 35 years

— Prior implantation failure

— No good quality embryos

Urman et al. Fertility and Sterility 90 (3). 2008

Live birth

* Follow-up study from
Urman et al. 2008

« Presented at ESHRE 2011, ‘"\
Stockholm A
* Study design: L—

— 1282 fresh cycles . -.
— Double blinded (clinician
and patient) 3 -

— Stimulation protocol,
oocyte retrieval and
embryo transfer procedure
described in Urman et al.
2008

B Balaban et al., Hum Reprod 2011; 26: i24
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Live birth rate : HA vs control

Delivery rate per embryo

Children born per embryo

transfer transfer

- p<0.05 . p<0.01 .
63%

60% p<0.001 P

50% B p<0.01

40%

30%

20%

10%

0%

Overall

Day 3 transfers

Day 5 transfers

20%

15%

10%

5%

0%

Culture medium G-2

EmbryoGlue®

M Culture medium G-2 W EmbryoGlue®

B Balaban et al., Hum Reprod 2011; 26: i24

Adverse events with HA:

Biochemical Loss and Miscarriage

HA Enhriched Tranfer Medium

Control without HA

349 clinical
pregnancy

312 clinical
pregnancy
14 _L)

Singleton
35 loss
(10.0%) Twins
Triplet:
314 ongoing L)
pregnancy
\l] | 4 loss Singleton
(1.1%)
310 live RS
birth Triplets

B Balaban et al., Hum Reprod 2011; 26: i24

Singleton 20
49 loss
19 (15.7%) Twins 26
2 Triplet:
263 ongoing e 3
pregnancy
0 ‘1, | 16 loss Singleton 7
(5.1:%)
2 247 live Twins 6
59 birth Triplets 3
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Cochran Review Update 2014:

Hyaluronic acid improves Pregnancy and Live Birth Rate

Functional levels of HA (0.5 mg/ml)
— 14 studies reporting clinical pregnancy (n=3452)
— 6 studies reporting live births (n=1950)

Increased pregnancy rate OR 1.41 (1.17-1.69)
Increased live birth rate OR 1.39 (1.21-1.60)
Increased multiple pregnancy OR 1.86 (1.49-2.31)
”"Moderate quality evidence”

Bontekoe et al., Cochrane Database Syst Rev. 2014 Feb 25;2:CD007421

Hyaluronic Acid Improves Live birth

High HA No or low HA 0Odds Ratio Odds Ratio
Study or Subgroup  Fvents Total Pvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 High versus low or no hyaluronic acid

Fancsovits 2011 30 103 23 97 B8E%  132[0.70,249)
Hazlett 2008 43 116 39 107 12.0%  128[074,219)
Korodec 2007 (1) 12 36 12 46  36%  1.42[054, 369
Morbeck 2007 14 41 19 42 B6.4% 0.63 [0.26,1.52]
Simon 2003 22 40 18 40  42%  1.49[0.62, 3.60]
Urman 2008 (2) 30 639 247 643 B5.2%  1.51[1.21,1.89)
Subtotal (95% Cl) 975 975 100.0% 1.41[1.17, 1.69]
Total events 437 358

Heterogeneity: Chi*= 3.76, df = 5 (P = 0.58); *= 0%

Testfor overall effect: £=3.66 (P = 0.0003)

@'!W

1.1.2 High versus low hyaluronic acid

Fancsovits 2011 30 103 23 97 10.4% 1.32[0.70,2.49] o
Hazlett 2008 (3) 12 az a 29 36% 1.33[0.46, 3.85] —e
Morbeck 2007 14 M4 19 42 76% 063[0.26,152] —
Urman 2008 310 @39 247 643 783%  151[1.21,189 (:)
Subtotal (95% CI) 815 811 100.0%  1.42[1.16, 1.73] (]
Tatal events 366 298

Heterogeneity: Chi®= 362, df=3 (P=031); F=17%
Test for overall effect; 2= 3.42 (P = 0.0006)

Bontekoe et al., Cochrane Database Syst Rev. 2014 Feb 25;2:CD007421
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HA-Enriched ET Medium on IVF Outcome:
A prospective Randomized Controlled Trial

* Prospective randomized study
* Looked at poor prognosis patients:
> 40 years old
2 or more failed IVF cycles
3 or fewer oocytes
Only poor quality embryos

e 581 women randomized

290 HAin m

edia

291 control media

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

HA-Enriched ET Medium on IVF Outcome:
A prospective Randomized Controlled Trial

HA group Control growupy £ waluse
M. of ET cycles 2040 291
Pregmancy L1 48.6 9 126 433 & (198
{+hiCG)
Biochemical 13 6.2 G 12 4.1 95 0.257
Pregnanncy
Clinical 123 42 4 9 114 A0 55 0427
pPregnancy
BAultiple 25 228 % 37 325 % Q0095
PreEnamcy
Implantalion 151647 233 9% 155/669 232 ¢ 0047
Delivery (ET) Q0 310 % 85 202 5 808
Aborion (FET) 33 114 %% 29 10 % (581
Mo. of newhborns 1114151 735 %% 11W1SSs  T1.0 % 0620
3,018 1S08 2,724 698

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.
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No difference in clinical outcome of IVF-ET in poor
prognosis patients with HA-Enriched ET Medium

HA group Contral group P value

Clinical pregnancy rale

Female age =40 years 12/59 203 % 13/56 232 % 0.709

=12 previous IVF failure 1647 34.0 % 20053 377 % .701

=3 pocvies collected 17160 83 % 634 17.6 % 0.247

Only poor gquality embryos transferred 350133 263 % 347125 27.2 % (.873
Implantation rute

Female age =40 years 13/174 15 % 16/179 BO % al6

=2 previous IVF failure 137117 111 % 28/11R 237 % 0.073

<3 pocytes collecied 14121 157 % 663 9.5 % 0246

Only poor quality embryos transferred 4V2ED 143 % 467275 167 % 0.427
Delivery rate

Female age =40 yvears 659 10.2 % 56 10.7 % 0924

=2 previous IVF failure 747 14.9 G 12/53 2256 % 0324

=3 oocytes collected 14460 3% 64 176 % 0517

Only poor quality embryos transferred 284133 211 % 2H125 17.6 % (0.483

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.

Fancovitz: HA- ET Medium on IVF Outcome:

* HA addition showed no change in:
-biochemical loss or miscarriage
-implantation or pregnancy rates
-clinical pregnancy or live birth

* No benefit of HA in patients:

-> 40 years old
-2 or more failed IVF cycles
-3 or fewer oocytes
-Only poor quality embryos
* Birth weigh significantly higher with HA

Fancovitz, P et al. Arch Gynaecol Obstet. 2015;291:1173-1179.
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Adhesion Compounds Summary

e Supplements are important for transfer media

* Protein additives are accepted world wide as an
important supplement

* Hyaluronic acid appears to improve implantation,
clinical pregnancy, and live birth rate in some
studies (moderate quality evidence)

* Further research need to determine appropriate
patient populations
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Learning objectives

v" To discuss the concept of personalized medicine applied
to human endometrial receptivity.

v To learn about the molecular diagnosis of endometrial
receptivity using ERA, and its surrogate therapeutic
option personalized ET (pET).

v" To discuss non-invasive diagnostic methods of ER “in
progress” by means of secreted molecules or single cell
analysis.

The sticky embryo

=N
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The uterine view

Window of endometrial receptivity (WOI)

Epithelial
PR
Progesterone
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Dating the endometrial biopsy’

v" Randomized studies
- Interobserver and cycle-to-cycle (60%) variations?
- Endometrial dating is not related to fertility status®

Histological dating is not a valid method for the
diagnosis of luteal phase deficiency neither guidance
throughout clinical management in infertility

1. Noyes, et al. 1950
2. Murray, et al. 2004
3. Coutifaris, et al. 2004
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The age of -OMICS

Proteome Metabolome

Transcriptome

TRANSCRIPTION TRANSDUCTION
DO - D
Transcription Alternative Transduction
regulation splicing regulation

METABOLITES

2emNA
MG LB AVE

P <
Affymetrix 12688 ik

“Allthe gene information from these
| studies are available at -~ .

Garrido-Gémez T, Dominguez F, Ruiz-Alonso M, Simén C. The Analysis of Endometrial receptivity.
In: Textbook of Assisted Reproductive Techniques. UK; Informa Healthcare; 2012: 366-79.
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Endometrial receptivity array (ERA)

A genomic diagnostic tool for human endometrial
receptivity based on the transcriptomic signature

Parricia Diaz-Gimeno, Ph.D, " José A. Horcajadas, Ph.D.° José A. Martinez-Conejero, Ph.D.*
Francisco J. Esteban, Ph.D.* Pilar Alamd, M.D.*" Antonio Pellicer. M.D.*” and Carlos Simin, M.D>"*

* Fundacién IVI-Instituto Universitario IVI, University of Valencia, Valencia: ® Institno de Investigacion, Sanitaria del Hospital
Clinico de Valencia, Valencia University, Valencia; © iGenomix, Valencis; * Department of Experimental Biology. University of
Jaén, Jaén: and * Centro de Investigacion Principe Felipe, Valencia. Spain

Objective: To create a genomic tool composed of a i i and a bioi ic predictor for en-
dometrial dating and to detect pathologies of endometrial origin. To define the transcriptomic signature of human
endometnal receptivity.
Design: Two cohonts of endometrial samples along the menstrual cycle were used: one to select the genes 1o be
included in the ized mi i piivity amay [ERA]), and the other to be analyzed by
ERA to train the predictor for endometrial dating and to define the transcriptomic signature. A third cohort includ-
ing pathological endometrial samples was used to train the predictor for pathological classification.
Selling: Healthy oocyte donors and patients.
Patient(s): Healthy fertile women (88) and women with implantation failure (5) or hydrosalpin (2).
Intervention(s): Human endometrial biopsies.
Main Outeome The gene ion of il biopsies.
Resull(s): The ERA included 238 selected genes. The transeriptomic signature was defined by 134 genes. The
predictor showed 4 specificity of 0.8857 and sensifivity of 0.99758 for endometrial dating, and a specificity of
0.1571 and a sensitivity of 0.995 for the pathological classification.

This di ic tool can be used clini i ive medicine and . The transerip-

i is a potential i cluster. (Fertil Steril® 2011:95:50-60. 82011 by
American Society for Reproductive Medicine.)
Key Words: End i plivi d 1 dating, mi i ic signature, predictor,
diagnostic tool
Fertility and Sterility= Vol. 95, No. 1, January 2011 0015-0282/336.00

Copyright @2011 American Society for Reproductive Medicine, Published by Elsevier Inc. doi:10.1016/]. fertnstert 2010.04.063

No. of

Gene symbol Gene name Fold change  probes
GPX3"be Glutathione peroxidase 3 (plasma) 35.49 2
PAEP®< Progestagen-associated endometrial protein (placental protein 14, pregnancy- 31.43 1

associated endometrial alpha-2-globulin, alpha uterine protein) (PAEP), transcript

variant 2
COMP® Cartilage oligomeric matrix protein 30.95 2
SLC1A1" Solute carrier family 1 (neuronal/epithelial high affinity glut te transporter, system Xag), 17.57 3

member 1
LIF® Leukemia inhibitory factor (cholinergic differentiation factor) 15.03 3
TCN1*® Transcobalamin | (vitamin B12-binding protein, R binder family) 14.76 1
CXCL14° Chemokine (C-X-C motif) ligand 14 14.02 2
C4BPA® Complement component 4 binding protein, alpha 13.14 2
TSPANS® Tetraspanin 8 12.90 2
LAMB3® Laminin, beta 3, transcript varant 2 11.32 1
MADA® Monoamine oxidase A, nuclear gena encoding mitochondrial protein 9.39 2
SoDz® Superoxide dismutase 2, mitochondrial, nuclear gene encoding mitochondrial protein, 9.06 2

transcript variant 2
GADD45A" Growth arrest and DNA damage inducible, alpha B.25 1
MUC16 Mucin 18, cell surface associated B.01 8
THBD® Thrombomodulin 7.84 3
NNMTS icofi ide - 7.74 2
DPP4PE Dipeptidylpeptidase 4 (CD26, adenosine deaminase complexing protein 2) 7.72 3
SCGB2A2° Secretoglobin, family 2A, member 2 7.43 2
S100P° $100 calcium-binding protein P 6.95 1
SNX10° Sorting nexin 10 6.56 2
CP® Ceruloplasmin (ferroxidase) 6.34 2
Gos2 Putative lymphocyte G0/G1 switch gene 6.20 2
C4.4A° GPl-anchored metastasis-associated protein homologue 6.03 1
ANG® Anaicoenin. ribonuclease. RNase A familv. 5 5.098 2
ABCC3°® ATP-binding cassette, subfamily C (CFTR/MRP), member 3 5.98 1
XCL1 Chemokine (C motif) igand 1 5.80 3
ADRAZA Adrenergic, alpha-2A, receptor 5.78 2
EFNA1 Ephrin-A1, transcript variant 1 5.77 3
KLRC1 Killer cell lectin-like ptor subfamily C, ber 1, transcript variant 2 5.75 2
TAGLN® Transgelin 571 3

A & oo 1 559 2
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Endometrial receptivity array (ERA)
Endometrial receptivity analysis (ERA-NGS)

238 genes

Bioinformatic analysis of data

¥

Classification and prediction from gene expression

| Patented in 2009: PCT/ES 2009/000386 |

Predictor classifies the molecular
receptivity status of the endometrium

Tﬂﬂ ﬁﬂ%

Pre-Receptive Receptive Post-Receptive
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Endometrial receptivity array (ERA)
Timing of the biopsy

NATURAL CYCLE |

Endometrial biopsy must be taken on the 7t day after the LH surge (LH+7) (urine
or serum preferible).

Endometrium

40414243 +4+5+6+T

LH Surge Biopsy

HORMONE REPLACEMENT THERAPY CYCLE I

Endometrial biopsy must be taken on day P+5, after proper E, priming

1 E, : 6 mg/day

¥ P : 800 mg/day

E;Days
Py Days

Uhtrasound: Tmm; Triple layer

Endometrial receptivity array (ERA) — Accuracy

In a blinded study ERA classifies better than Noyes criteria

Pathologist 1 (P1) Pathologist 2 (P2) P1vs P2 ERA
Kappa value 0.618 (0.446- 0.685 (0.545- 0.622 (0.435- 0.922
PP 0.791) 0.824) 0.839) (0.815-1.000)
5 ranones 0.61 - 0.80 - Good Concordance
s 0.81 - 1.00 - Very Good Concordance
PROLIFERATIVE PRE-RECEPTIVE

o2uLERIRE

ERA P P2z ERA
Endometrial Dating Method Endomatrial Dating Method

RECEPTIVE POST-RECEPTIVE
00 f s
] i -] S— )
o E ]
& 3 &  —
S 0 S 3
* i T
P1 P2 ERA P P2 ERA
Endomoetrial Dating Method Endometrial Dating Mothod

Diaz-Gimeno, et al. 2013
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Endometrial receptivity array (ERA) — Consistency

ERA TEST ANALYZED IN THE SAME PATIENT, same day, 3-years apart

Date First | Date Second | Months | First Biopsy Second Biopsy

(S0 Biopsy Biopsy between Results Results
CON1  09/2009  02/2012 29 Receptive  Receptive (0.908)
CON2  09/2009 03/2012 30 Receptive Receptive (0.908)
CON3 052009  04/2012 35 Receptive  Receptive (0.908)
CON4 052009  05/2012 3  Proliferative N°"(§‘§gi';’“"e
CON5  01/2009  05/2012 40 Proliferative N°”(§ggi';’“"e
CON6  07/2009 05/2012 35 Receptive Receptive (0.908)

Diaz-Gimeno, et al. 2013

The endometrial receptivity array for
diagnosis and personalized embryo
transfer as a treatment for patients
with repeated implantation failure

Maria Ruiz-Alonso, M.Sc,” David Blesa, Ph.D.,*® Patricia Diaz-Gimeno, Ph.D.** Eva Gomez, M.Sc,?
Manuel Fernandez-Sanchez, I\ﬂ.D.,'J Francisco Carranza, 1\41.[).,d Joan Carrera, M.D.,* Felip Vilella, Ph.D.,*
Antonio Pellicer, M.D., Ph.D.,*® and Carlos Simdn, M.D., Ph.D.2®

# Fundacidn Instituto Valenciane de Infertilidad, and Instituto Universitario IVifincliva, Valendia University, Valencia;
® viomics, Paterna; © Computational Medicine Institute, Centro de Investigacion Principe Felipe, Valencia; @ Instituto
Valenciano de Infertilidad Sevilla, Seville; and ® Clinica Girona Unidad de Reproducdén Humana, Girona, Spain

Fertility and Sterility@ Vol. 100, No. 3, September 2013 0015-0282/§36.00
Copyright 2013 American Sodiety for Reproductive Medicine, Published by Elsevier Inc.
hittp:fid.dol.org/10.1016] fertnstert. 2013.05.004
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TABLE 1

No. of patients
Age ly)

No. of Receptive ERA/otal analyzed  63/85 (74.1)

No. of previous failed cycles
Total Patients with pET after
Receptive ERA
Implantation rate after 1st pET
Pregnancy rate after 1st pET

No. of patients

Age (y)

No. of Receptive ERA/total analyzed

No. of previous failed cycles

Total Patients with pET after

Receptive ERA

Implantation rate after 1st pET

Pregnancy rate after 1st pET
Biochemical pregnancies

Clinical abortions
No. of previous failed cydles
Owvum donation patientsitotal
IVFAICSI patients/total

Values are presented as mean = S0 or n (%),

RIF Control
85 25
384 +4.7 399451
22/25(88.0)
48+21 05+05
29 11
19/56 (33.9) 11/20(55.0)
15/29 (51.7) 9/11(81.8)
RIF Control
( 85 25 )
384 + 47 399 + 51
63/85 (74.1) 22/25 (88.0)
A48 +2.1 0.5+ 05
29 11
(19/56 (33.9) 11/20 (55.0))
| 15/29 (51.7)  9/11(81.8)]
3/15 (20.0) 2/9 (22.2)
0/15 (0.0 0/9 (0.0
E0+18 03+06
11/22 (50.0) 2/3 (66.6)
11/22 (50.0) 1/3(33.3)

Ruiz-Alonso, et al. 2013

pET outcome after receptive ERA
in patients with RIF (n=310)

80

——= R /j\,_‘
70 -
i PR /
60 o
3
d”" ~~~~~N
o - ~
5( r,’ <4
S B it L 7
=~ 40 — e
@ -
]
©
e 3
20
10
0
Months after ERA test 1 2 3 4 5 6
Number of patients 91 87 47 30 15 40
Implantation Rate (%) L 43.1 44.6 45.8 58.3 48.6
Pregnancy Rate (%) 54.9 59.8 55.3 53.3 733 70.0

Ruiz-Alonso, et al. 2013
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A Clinical outcome of non receptive RIF and control patients that underwent pET

Non Receptive

No. of patients 25
No. of previous failed cycle RIF Patients 5.0+1.8
No. of previous failed cycle Control Patients 0.3+0.6
ERA Prediction
Pre-receptive 21/25 (84.0)
Post-receptive 4/25 (16.0)
2nd ERA at the specified day (P+4;P+6;P+7;LH+9)? 18
Months between 1t and 2"¢ ERA 2.612.8
2nd ERA Receptive at the specified day
Patients with pET® after 2™ RECEPTIVE ERA 8
Months between 2" RECEPTIVE ERA and pET 1.840.7
Implantation rate using pET
Pregnancy rate using pET 4/8 (50.0
Biochemical pregnancies (%) 0/4 (0.0)
Clinical abortions (%) 0/4 (0.0)

Ruiz-Alonso, et al. 2013

ERA clinical applicability

A case report and pilot study comparing routine embryo transfer versus pET
(Ruiz-Alonso et al. 2014 Hum Reprod 2014 Apr 15).

human
reproduction

What a difference two days make:
“personalized’” embryo transfer (pET)
paradigm: A case report and pilot study

M. Ruiz-Alonso!, N. Galindo?, A. Pellicer3, and C. Simon!3.4#

'IVIOMICS, Parc CientficValencia University, Paterna, Valencia, Spain “IV] Alicante, Alicants., Spain “Fundacidn Instituto Valenciano de Infertidad
(FIVI), Department of Obstetrics and Gynecology. School of Medicine, Valencia University and Instituto Unversitario IVI/INCLIVA, Valencia,
Spain “Department of Obsteics and Gynecology, Stanford University School of Medicine, Stanford University, Snford, CA, USA

*Correspondence address, Carlos Simon. E-mail; carlos simoniivi.es

Submirted on December 26, 201 3; resubmitted on March 10, 201 4; accepted on March 13, 2014

ABSTRACT: Embryo implantation requires that the blastocyst will attach during the receptive stage of the endometrium, known as window of
implantation (WOI). Historically, it has been assumed that the WOl is always constant inall women. However, molecularanalyses of endometrial
receptivity demonstrates a personalized WO (pWOI) that is displaced in one out of four patients suffering from recurrent implantation failure
(RIF) ofendometrial origin and illustrates the utility of a personalized endometrial diagnostic approach. Here, we reporta clinical case of successful
personalized emmbryo transfer (pET) after four IVF and three aocyte donation failed attemnpts in which different embryo transfer strategies were
atternpted. This cse reportis complementsd by a pilot study of |7 patients undergoing oocyte donation and whao suffered failed implantations
with routine embryo transfer (ET) but were then treated with pET after the personalized diagnosis of their WO

Key words: personalized embryo transfer / window of implantation / recurrent implantation failure / assisted reproduction
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Previous ART treatments

ART treatments in our center

CASE REPORT

Routine work-up negative
1. IVF with fresh day-3 ET
2. IVF with fresh day-3 ET

3. IVF with fresh day-5 ET

4. IVF with differed day -5 ET in natural cycle
5. OD with day-3 ET in HRT cycle (P+2)

6. OD with day-3 ET in natural cycle

7. OD with day-5 ET in HRT cycle (P+5)

DIAGNOSTIC INTERVENTION ERA
pre-receptive at P+5, being receptive at P+7

8. OD with pET using day-5 blastocysts in HRT
cycle after 7 days of progesterone (P+7)
Succesful twin pregnancy

Ruiz-Alonso, et al. 2014

Number of patients

Source of oocytes

Age

Number of embryos transferred
Implantation rate

ET
17
Ovum donation
40.7 £ 4.7 (32-49)
1.8+0.4
12.9% (4/31)

Pregnancy rate

Ongoing pregnancy rate
Clinical abortion
Biochemical pregnancy
Total attempts

Number of embryos transferred
Implantation rate
Pregnancy rate

Ongoing pregnancy rate
Clinical abortion
Biochemical pregnancy

First attempt

Cumulative

23.5% (4/17)
0% (0/4)
100% (4/4)
0.0% (0/4)

21x1.3
1.8+ 0.4
10.8% (7/65)
19.4% (7/36)
0% (0/7)
71.4% (5/7)
28.6% (2/7)

Ruiz-Alonso, et al. 2014
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First attempt

Number of patients

Source of oocytes

Age

Number of embryos transferred
Implantation rate

Pregnancy rate

Ongoing pregnancy rate
Clinical abortion

Biochemical pregnancy

ET
17
Ovum donation
40.7 + 4.7 (32-49)
1.8+0.4
12.9% (4/31)
23.5% (4/17)
0% (0/4)
100% (4/4)
0.0% (0/4)

Total attempts 2.1+1.3
° Number of embryos transferred 1.8+£0.4
-.E Implantation rate 10.8% (7/65)
S Pregnancy rate 19.4% (7/36)
E Ongoing pregnancy rate 0% (0/7)
v Clinical abortion 71.4% (5/7)
Biochemical pregnancy 28.6% (2/7)
ET
Receptive 0% (0/17)
Pre-receptive 949% (16/17)
WOI delayed 1 day 19% (3/16)
WOI delayed 2 days 81% (13/16)
Post-receptive 6% (1/17)
WOI advanced 1 day 100% (1/1)
ET pPET
Number of patients 17
Source of oocytes Ovum donation
Age 40.7 £ 4.7 (32-49)
" Number of embryos transferred 1.8+0.4 1.7+0.5
E‘ Implantation rate 12.9% (4/31) 34.5% (10/29)
I Pregnancy rate 23.5% (4/17) 52.9% (9/17)
E Ongoing pregnancy rate 0% (0/4) 66.7% (6/9)
2 Clinical abortion 100% (4/4) 0% (0/9)
- Biochemical pregnancy 0.0% (0/4) 33.3% (3/9)
Total attempts 2.1+1.3 1.2+0.4
° Number of embryos transferred 1.8+£0.4 1.8+£0.4
32 Implantation rate 10.8% (7/65) 40.0% (14/35)
= Pregnancy rate 19.4% (7/36) 60.0% (12/20)
§ Ongoing pregnancy rate 0% (0/7) 75.0% (9/12)

Clinical abortion
Biochemical pregnancy

Receptive
Pre-receptive

WOI delayed 1 day

WOI delayed 2 days
Post-receptive

WOI advanced 1 day

71.4% (5/7)
28.6% (2/7)

ET
0% (0/17)
94% (16/17)
19% (3/16)
81% (13/16)
6% (1/17)
100% (1/1)

0% (0/12)
25.0% (3/12)
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ET pPET
Number of patients 17
Source of oocytes Ovum donation
Age 40.7 £ 4.7 (32-49)

First attempt

Cumulative

Number of embryos transferred
Implantation rate

Pregnancy rate

Ongoing pregnancy rate
Clinical abortion

Biochemical pregnancy

Total attempts

Number of embryos transferred
Implantation rate

Pregnancy rate

Ongoing pregnancy rate
Clinical abortion

Biochemical pregnancy

Receptive
Pre-receptive

WOI delayed 1 day

WOI delayed 2 days
Post-receptive

WOI advanced 1 day

18%04
12.9% (4/31)
23.5% (4/17)
0% (0/4)
100% (4/4)
0.0% (0/4)
21+1.3
1.8:0.4
10.8% (7/65)
19.4% (7/36)
0% (0/7)
71.4% (5/7)
28.6% (2/7)

ET
0% (0/17)
94% (16/17)
19% (3/16)
81% (13/16)
6% (1/17)
100% (1/1)

1.7£05
34.5% (10/29)
52.9% (9/17)
66.7% (6/9)
0% (0/9)
33.3% (3/9)
1.2:0.4
1.8+0.4
40.0% (14/35)
60.0% (12/20)
75.0% (9/12)
0% (0/12)
25.0% (3/12)

pET
100% (17/17)

[oNoNoloNe]
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Fertil Steril. 2011

Fertil Steril. 2013

Fertil Steril. 2013

The accuracy and reproducibility of
the endometrial receptivity array is
superior to histology as a diagnostic
method for endometrial receptivity

The endometrial receptivity array for
diagnosis and personalized embryo
transfer as a treatment for patients
with repeated implantation failure

Hum Reprod. 2014

Whata diflrence two days make:
“personalized” embryo transler (pET)
paradign: Acase report and ot stody

Hum Reprod. 2014
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Human Endometrial Transeriptomice:

Imgibcations fos Embryossc Implnson

T .

T S S—————

@

8,000

PATIENTS 2.4%

Proliferative

12.6% Post-
receptive

Endometrial
biopsy
71.4% 28.6% — 85.0% I?re-
Receptive Non-receptive v receptive
2nd Endometrial biopsy
v

91.5% Receptive
5.2% Receptivity between both biopsies
3.3% Same result than 1¢" biopsy
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Is endometrial receptivity transcriptomics affected
In women with endometriosis? A pilot study

Endometriosis Stage Day of endometrial biopsy
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Garcia-Velasco, et al. RBM Online 2016
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Is endometrial receptivity affected in obese women?

O Endometrial samples from 73 women included in analysis:
B 10 normal-weight (BMI 19-24.9 kg/m?)
m 11 overweight (BMI 25-29.9 kg/m?)
B 31 obese (BMI 30-34.9 kg/m?)
B 21 morbidly obese (BMI = 35 kg/m?)

100%

80%
60%
40% " Receptive .
m Non-receptive
20%
0%

Normal ~ Overweight  Obese Morbidly
weight obese

Athanasiadis, et al. Submitted

Endometrial Thickness versus Molecular Receptivity

Endometrial Receptive Non Receptive
thickness (mm) (%) (%)
<6 6/14 8/14
(43%)* (57%)*
6-12 333/431 98/431
(77%)* (23%)*
24/37 13/37
il (65%) (35%)
TOTAL 363 19
*P=0,003 by Chi-square test. Valbuena D. et al. ESHRE 2016
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ClinicalTrials.gov Identifier: NCT01954758

IVF Patients

Randomization

Group A

Group C

FRESH CYCLES ALL FROZEN ALL FROZEN & ERA

N=214 N=214

N=214

ERA RCT SITES

Hannam IVF Toronto Y
CANADA Fertility center, Brussels,
® BELGIUM
. Genesis IVF, SERBIA

®
o8 e Sbalagrm

. -
Stanford -~ a’:'ﬁﬁmﬂ&“h group

University Istambul, TURKEY
CaliforniapUSA

IVI MEXIC®»

L
IECH ”
Monterrey IVI
PANAMA

Fertility
Huntington
USP Sao
Paolo
BRASIL

Seoul Maria
Hospital
SOUZH KOREA

® KKH,SINGAPORE

Page 142 of 276




Secretomics of endometrial receptivity

v Aspiration of endometrial secretion does not

affect pregnancy rates
Van der Gaast, et al. 2002

v Glycodelin  levels correlate  with the . ...
menstrual cycle phase of endometrial :
aspirations

Van der Gaast, et al. 2009

v'The profile of cytokines can be determined

in endometrial secretions Fesaiasaces
Simén, et al. 1996 i o~
Boomsma, et al. 2009 ’ F At

v'The lipidomics is the large-scale study of ..
lipid species present in a cell or biological

fluid and their interacting pathways
Wenk. 2005

8
i

ORIGINAL ARTICLE

Endocrine Research

PGE, and PGF,a Concentrations in Human
Endometrial Fluid as Biomarkers for Embryonic
Implantation

F. Vilella,* L. Ramirez,* O. Berlanga, S. Martinez, P. Alamd, M. Meseguer,

A. Pellicer, and C. Simon

Fundacion Instituto Valenciano de Infertilidad (F.V., L.R., 0.B., S.M., C.S.), Valencia University and
Instituto Universitario IV/INCLIVA, Valencia University, 46980 Valencia, Spain; Instituto Valenciano de

Infertilidad (V1) (P.A.,, MM., A.P., C.S.), Valencia University, 46015 Valencia, Spain; and Department of
0b/Gyn (C.S.), Stanford University School of Medicine, Stanford California 94305

Vilella, et al.JCEM 2013
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Vilella, et al. JCEM 2013
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Endometrial Fluid RNA-seq project

, 8 |
Endometrial fluid

Cryopreservation
|

£ -4

Centrifuge Remove Suspend with
supernatant 90% FBS and
10% DMSO

Single-cell RNA-seq

l Wash cells

with DMEM /

.Y

Site 03 AD1

Site 08 B02

500 bp

Site 05 AD8

Nothing in life is to be feared, it is
only to be understood. Now is the
time to understand more, so that
we may fear less.
(Marie Curie, 1867-1934)
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Conclusions

best day
depends on the patient

endometrial factor
25% of cases

PET normalize clinical

results.

RCT answer
ERA will be the first diagnostic
line
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Immunologic Tests In Reproduction-
Do these predict successful Implantation?

William H. Kutteh, M.D., Ph.D., H.C.L.D.

Clinical Professor of Obstetrics and Gynecology
Vanderbilt University Medical Center
Consulting Gynecologist, Director of Fertility Preservation
St. Jude Children’s Research Center
Director of Recurrent Pregnancy Loss Center
Fertility Associates of Memphis

St. Jude Childrens G[ EASESROT;]IILAIT?S{ ’@;
Research Hospital b AW
iy 7 ( { i of MEMPHIS V‘andcrbilt.

William H. Kutteh, MD, Ph.D Raymond W. Ke, MD

DISCLOSURES
Immunologic Tests In Reproduction

e No conflict of Interest

Page 150 of 276



LEARNING OBJECTIVES
Immunologic Testing in Reproduction

At the end of this presentation, the
participant should be able to:

* Define the antiphospholipid syndrome

* Discuss the role of antithyroid antibodies
e Understand Natural Killer cells

* Know the guidelines of ACOG and ASRM

Autoimmune Antibodies
Possible pathophysiologic roles

- Actual pathogenic agents of disease
(Causative-Erythroblastosis fetalis)

- Arise as a consequence of another disease
process (Tissue damage-Systemic Lupus)

- Merely mark the presence of another
etiological agent (Footprint-Hepatitis
antibodies)

Kutteh The Endocrinologist 6:462-466,1996
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Antiphospholipid Antibodies

e |gG or IgM or IgA isotypes
e Bind to phospholipids

e Includes lupus
anticoagulant

e Harmful actions on
trophoblast

Kutteh & Hinote. APS. Obstet Gynecol Clin N Am. 2014;41:113-132

Research Diagnostic Criteria for APS

Clinical Criteria Laboratory Criteria

Recurrent loss <10 wk Lupus anticoagulant
Fetal death > 10 wk lgG antiCL (> 99%)
Venous Thrombosis  1gM antiCL (> 99%)

Arterial Thrombosis  18G anti B2- glycoprotein
lgM anti B2- glycoprotein

Miyakis et al. ] Thromb Haemost 4:295 — 306, 2006
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ASRM and ACOG Guidelines

“The three antiphospholipid
antibodies that should be tested” 3
1) lupus anticoagulant

2) anticardiolipin

3) anti-beta-2-glycoprotein 1

ASRM Practice Committee Fertil Steril 98:1103-1111, 2012
Branch et al., ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012.

What about other aPL Antibodies?

ePhosphatidylinositol
""" e Phosphatidylglycerol
e Phosphatidylserine
e Diphosphatidylglycerol
e Phosphatidylethanolamine

e Phosphatidylcholine

e Phosphatidic acid
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In vitro action of Antiphospholipid Antibodies

PHOSPHOLPID Figure 3.
CYTOTROPHOBLAST ’

MOLECULE
(GLUE - LIKE) @

t }{q
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ANTIBODY  _o3F,

g & &
-

SYNCYTIOTROPHOBLAST PLACEMNTAL FAILURE

ASRM and ACOG Guidelines-
Antiphospholipid Antibodies and Recurrent Loss

“The combination of twice daily
unfractionated heparin or low £
molecular weight heparin and low-
dose aspirin appears to confer a
significant benefit in pregnancies
with aPLs and otherwise
Iunexplamed recurrent pregnancy

0SS;

Comparable efficacy of low molecular
welggﬁc heparin has not been
established

g WMERN

ASRM Practice Committee Fertil Steril 98:1103-1111, 2012
ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012
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Antiphospholipid Antibodies do not affect
IVF Outcome

_TABLE 1

Anti-phospholipid antibodies and IVF outcome.

Outcome Authors Odds ratio (95% CI)
Pregnancy Birdsall et al (11) 1.65 (0.50, 5.46)
Denis et al (12) 0.91 (0.42,1.87)
El Roiey et al (13) 0.26 (0.04, 1.83)
Gleicher et al (14) 1.34 (0.36, 4.95)
Kowalik et al (15) 1.38 (0.52, 3.34)
Kutteh et al (16) .85 (0.21, 3.50)
Sher et al (3) .55 (0.13, 2.34)
Average for Pregnancy .99 (0.64, 2.34)
Live Birth Birdsall et al (11) 1.67 (0.50, 5.56)
Denis et al (12) .94 (0.44,1.98)
El-Roiey et al (13) 18 (0.02,2.14)
Gleicher et al (14) 1.60 (0.39, 6.53)
Kowalik et al (15) 1.10 (0.42, 2.80)
Average from Live Birth 1.07 (0.66, 1.75)

ASRM Practice Committee Fertil Steril 2006; 86:5224-5225

ASRM Guidelines-Antiphospholipid
Antibodies and Implantation Failure

1. Antiphospholipid antibody
abnormalities were not associated
with IVF success or outcome.

2. Assessment of antiphospholipid
antibodies is not indicated among
couples undergoing IVF.

3.Therapy (with IVIG and anti-
thrombogenic therapy) is not
justified on the basis of existing data.

ASRM Practice Committee Fertil Steril 2006; 86:5224-5225
ACOG Bulletin 132 Obstet Gynecol. 120:1514-1521,2012
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Hypothyroidism and
Antithyroid Antibodies

e Overt hypothyroidism is associated
with infertility, RPL and adverse
pregnancy outcomes

* The normal range for TSH in
nonpregnant reproductive-aged
women is 1.0 -2.5 mU/L

e Thyroid antibodies may precede the
occurrence of hypothyroid disease

e 15-20% of reproductive-aged women
may have antithyroid antibodies

Importance of Thyroid Hormone in Pregnancy

Thyroid hormones are important for
fetal brain development (cognitive
function)

Fetal Thyroid does not begin to
function until 12 weeks gestation

Thyroid hormones bind to nuclear
receptors in the fetal brain (which
apprear prior to the time of fetal
thyroid hormone production.

Thyroid hormone crosses the
placenta starting in the first
trimester

Burrow, Fisher, Larsen. Maternal and Fetal Thyroid Function. N Engl J Med 1994;331:1077-8
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Thyroid stimulation
for i ed TH Stimulates TSH receplor

Stimulation of
hypothalamic
Increased serum TH

pituitary axis

Decreased TSH ] Decreased free TH ]
S

Increased hepatic Increased serum Increased half life of
production of TBG _J I TBG TBG
Estrogen

hEG: Human chosienic gonadstropin —_1
TSH: Thyroid stmulating hormone —

TH: Thyroid hormone

TBG: Thyraxine-binding glotulin

Glinoer D. Endocrin Rev. The regulation of thyroid function in pregnancy 1997;18:404-33.

Trimester-Specific TSH Levels

TRIMESTER TSH LEVEL

First 2.5muU/L (0.1-2.5)
Second 3.0 mU/L (0.2-3.0)
Third 3.5 mU/I (0.3 -3.5)
5
% |T5H
25
= TEBG
Stricker et al. Evaluation of maternal thyroid o E
function during pregnancy. Eur J Endocrinol %
2007; 157:509-114. L T
0 30 40

10 20
Wwieeks of Gestation [human]
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Antithyroid Antibodies Associated with Miscarriage

Increased prevalence of antithyroid
antibodies identified in women with
recurrent pregnancy loss but not in women'
undergoing assisted reproduction

Wiltlam H. Kutteh, M.D., PhD., Deborah L. Yatman, B. 5., Alexander C. Carr, B.5.,
Leslie A. Beck, B.5., and Richard T. Scoft, Jr., M.D.

Conclusion: Antithyroid antibodies are identified more frequently
in women with recurrent pregnancy loss but not in women
undergoing ART. These antibodies may be markers of autoimmune
activation and have been associated with an increased risk of
pregnancy loss and postpartum thyroid disease.

Kutteh, Yetman, Carr, Beck, and Scott Fertil Steril 1999;71:843-848.

Thyroid Immunity and Miscarriage

Table 1 Meta-analysis of case-control studies on the association b i iage and the p of antithyroid autoanti
Patients Controls
Reference Mo. of Ab +ve (%) No. of Ab +ve (%) Odds ratio 95% ClI
Pratt et al. (8) =3 abortions Blood donors 1.83 0.86-3.37
14/45 (31 %) 19100 (19 %)
Bussen & Steck (9) =3 abortions No abortions 7.81 1.82-336
B8/22 (36 %) 3/44 (7 %)
Bussen & Steck (10) =3 abortions Mo abortions 84 1.70-42.8
11/28 (39 %) 2/28 (V%)
Esplin et al. (11) =3 abortions =3 pregnancies 071 0.50-1.01
22/74 (29%) 28/75 (37 %)
Kutteh et al. (12) =2 abortions Blood donors 1.72 1.12-2.65
158/700 (23 %) 28/200 (15%)
Mecacci et al. (13) =2 abortions or Unknown s 1.95-9.14
=1 fetal death 10/69 (15%)
20/51 (39%%)
Dendrinos ef al. (14) =3 abortions =1 pregnancies 3.76 0.71-19.87
11/30 (37%) 2/15 (13%)
Bagis et al. (15) =1 abortion No abortions 5,98 3.98-9.38
54/162 (33%) 54/714 (B%)
Total 208/1112 (27 %) 147/1245 (12%) 273 2.20-3.40

Prummel & Wiersinga. Eur J Endocrinol 2004;150:751-755.
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BM RESEARCH

Association between thyroid autoantibodies and
miscarriage and preterm birth: meta-analysis of evidence

Shikila Thangaratinam, senior lecturer/consultant in obstetrics and gynaecology and clinical epidemiology,'
Alex Tan, academic foundation trainee,” Ellen Knax, consultant cbstetricanysubspecialist in fetal medicine,
Mark D Kilby, professor of fetal medicine, ™ Jayne Frankiyn, professor of medicine,? Arri Coomarasamy,
readerconsultant gynaecologist/subspedalist in reproductive medidne and surgery”

Conclusion The presence of m
autoantibodies isGtrongly assoc1ated with miscarriage
and preterm delivery. There i eatment
with levothyroxine can attenuate the risks.

Thangaratinam et al. BMJ 2011; 342: d2616

Increased Miscarriage in Subfertile Women with Thyroid Antibodies
and Normal TSH (<4.5 mU/

mlh‘wlh ﬁm ‘odd; h{’ﬂ:’-ﬂ odds ratio (95% CI)
s rat;

Women with recurrent miscarriages - as las

Beliver 2008™ 16 29/56 0.15 (0,02 to 1.70)

Bussen 1995° B/11 14/55 —_— 7.81 (1.82 10 33.59)

Bussen 1997 11713 17/43 B.41 (1.651042.76)

Dendrinos 2000°" 11/13 1932
Esplin 1958™ 22/50 52/99
Iravani 2008 157/191 484719
Kutteh 19597 158/187 542/713
Mecaccl 20004 11/21 18/77
Pratt 1593° 14/33 #1/122
Schoenfield 2006 410 88/202
Subtotal (5% CI} 397/535 13042218
Test for heterogenelty: 1/=0.27, x"=23.79, df=9, P=0.006, I'=62%
Test for overall effect: 2=2.66, P=0.008
‘Women with subfertility

3.76 (0.71 to 19.86)

-

<>
Beliver 2008™ 10/15 21/48 2.57 (0.76 to B.67)
Kutteh 1999” 132/161 556/727 1.40 (0,90 t0 2.17)
Subtotal (95% CI} 142/176 SIS 1.50 (0.99 to 2.26)

>

1

0.71 (0.36 to 1.41)
2.24 (1.50 to 3.35)
1.72(1.12 to 2.65)
3.61 (1.32 to 9.86)
1.46 (0.66 to 3.19)
0.86 (0.24 to 3.15)
186 (1.18 to 2.94)

Test for heterogeneity: T'=0.00, 3 =0.85, di=1, P=0.386, I'=0%
Test for overall effect: z=1.94, P=0.05

1.80 (1.25 to 2.60)

Total (95% CI) 538/111 1881/2893

Test for heterogeneity: 1°=0.19, x'=25,24, df=11, P=0,008, I'=56%

Test for overall effect: =317, P=0.002 0.01 0.1 10 100
Decreased In women Increased In women
positive for thyrald positive for thyrold

les autoantibodles

Fig 3| Assoclation between thyroid autoantibodies and miscarriage in case-control studies

Thangaratinam et al. BMJ 2011;342: d2616
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European Journal of Endocrinology (2010) 162 643-652 ISSN 0804-4643

REVIEW

Risk of spontaneous miscarriage in euthyroid women with
thyroid autoimmunity undergoing IVF: a meta-analysis

Konstantinos A Toulis", Dimitrios G Goulis', Christos A Venetis®, Efstratios M Kolibianakis®, Roberto Negro®,
Basil C Tarlatzis® and Ioannis Papadimas’

"Unit of Reproductive Endocrinology and *Unit for Human Reproduction, First Department of Obstetrics and Gynecology, Medical School, Papageorgiou
General Hospital, Aristotle University, Ring Road, Nea Efkarpia, 56403 Thessaloniki, Greece and *Department of Endocrinology, Azienda Ospedaliera,
V. Fazzi', Piazza E Muratore, 73100 Lecce, ltaly

with an increased risk for spontaneous miscarriage in su fe—women—a irg—a nancy
through an IVF procedure.

Conclusion: Based on the currently available evidence, itGappears that the presence of TAI is associa

0021-97TIX00815.000 The Journal of Clinical Endocrinology & Metabolism #1(7-2557-25081
Printed in USA Copyright © 2006 by The Endocrine Society
des: 10.12104c.2005-1603

Levothyroxine Treatment in Euthyroid Pregnant Women
with Autoimmune Thyroid Disease: Effects on
Obstetrical Complications

Roberto Negro, Gianni Formoso, Tiziana Mangieri, Antonio Pezzarossa, Davide Dazzi, and

Haslinda Hassan

Department of Endocrinology (R.N., G.F.), Azienda Ospedaliera LE/ 1, 73100 Lecce, Italy; Department of Obstetrics and
Gynecology (T.M.), Casa di Cura “Salus®, 72100 Brindisi, Italy; Department of Internal Medicine (A.P., D.D.), Azienda
Ospedaliera PR, “Di Vaio” Hospital, 43036 Fidenza, Italy; and Endocrine Unit (H.H.), Raja Isteri Pengiran Anak Saleha
Huospital, Bandar Seri Be Brunei Dar lam BA 1000

Conclusions: Euthyroid pregnant women who are positive for
TPOAD develop impaired thyroid function, which is associated with
an increased risk of miscarriage and premature deliveries. Substi-
tutive treatment with LT, is able to lower the chance of miscarriage
and premature delivery. (J Clin Endocrinol Metab 91: 2587-2591,
2006)
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ASRM PAGES @cmm

Subclinical hypothyroidism in the
infertile female population: S
a guideline

Practice Committee of the American Society for Reproductive Medicine

American Society for R ductive Medicine, Birmingham,

Summary statement. There is good evidence that thyroid
autoimmunity is associated with miscarriage and fair evi-
dence that it is associated with infertility. Levothyroxine
@mpmve preg@ in women
with positive thyroid antibodies, especially if the TSH level

is over 2.5 mIU/L.

Fertility and Sterility@ voL. 104 NO. 3/ SEPTEMBER 2015

Summary of Recommendations

TSH Screening Treat TSH ATA Screening Treating ATA
>2.5 mU/L

Targeted
R
i, a% Targeted ? No No
s
(D Targeted Yes No No

AMEIRICAN
THYROID
ASROC IJ\II 19

Targeted yes No No
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Thyroid Immunity —Take Home Messages

* The presence of TA is associated with RPL and premature
delivery

e Screening for TA and treatment with Thyroxine particularly
when the TSH is > 2.5 mU/L

* If treated, frequent monitoring is safe and is recommended

* Patients with TA (not treated) should be monitored closely
for potential hypothyroidism

* Treatment initiated if TSH rises above trimester-specific
range

“NK Cell Destroying Embryo”
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The Fetal Allograft Puzzle

The mysterious lack of rejection of the fetus has
puzzled generations of immunologists, and no
comprehensive explanation has yet emerged.
One problem is that acceptance of the fetal
allograft is so much the norm that it is difficult
to study the mechanism that prevents rejection;
if the mechanism for rejecting the fetus is rarely
activated, how can one analyze the mechanism
that controls it?

Colucci, Moffett, Trowsdale. Medawar and the immunological paradox of pregnancy:
60 years on. Eur J Immunol 2014;44:1883-5.

Differences of expression of Peripheral Blood and Uterine natural killer (NK) cells .

I SCT-Chster dillrremtiatn, KIR & ilker coll immmmsghotustin like: mcepses, HLA-DR.
Haran leusocyte asmipen

Srividya Seshadri, and Sesh Kamal Sunkara Hum. Reprod. Update 2014;20:429-438
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Natual Killer Cells (NK)-pbNK vs uNK

e NK cells in the peripheral circulation (pbNK) have
effector functions in killing target cells

e NK Cells differ in distribution and function in the
endometrium and in the circulation

e Immune cells with a similar phenotype to NK cells
but poor killers populate the uterine lining at
implantation (UNK) and during early pregnancy

e Knock-out mice genetically engineered to lack uNK
endometrial cells are unable to reproduce

Moffet and Shreeve. Hum Reprod. 2015;30:1519-1525.

Natural Killer (NK) Cells: pbNK vs uNK

Paternal MHC Class 1a antigens are expressed on
extravillous and endovascular trophoblasts

— Thought to regulate uterine natural killer (uNK) cells in
the decidua

pbNK cells have activating receptors that can

trigger cytolytic activity and secrete cytokines

— Thought to be vital in eliminating pathogens, especially
viruses and cells infected with viruses

— Can be triggered by foreign HLA

uNK cells are the most represented lymphomyeloid
cells in the human decidua in the first trimester

— CD 56brght gnd CD 16

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol 2014;104-105:54-62.
Sharma S. Natural killer cells and regulatory T cells in early pregnancy loss. IntJ Dev Biol. 2014;58(2-4):219-29.
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uNK Cells are Important in

Early Embryo Implantation

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62.

Uterine Natural Killer (uNK) Cells

Embryo survival depends on maintenance of
immune tolerance at the maternal-fetal interface

uNK cells are key immune cells that populate
uterus

Not “Killers” in normal pregnancy

— Necessary for healthy development

Many cells are involved with “cross-talk” between
placenta and trophoblast

— Vital to establish tolerance

— Regulatory T cells (Tregs) vital in this interaction

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol 2014;104-105:54-62.
Sharma S. Natural killer cells and regulatory T cells in early pregnancy loss. Int J Dev Biol. 2014;58(2-4):219-29.
I.
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Function of uNK in Implantation

uNK play a role in building health placenta
Angiogenic factors secreted by uNK

uNK cells play a role in regulation of
decidualization

uNK maintain a balance of excessive trophoblast
intrusion and defective placentation

Summary: uNK do not need to be suppressed

Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62.
Moffett and Shreeve. First do no harm: uNK cells in ART Human Reprod. 2015;30:1519-1525

Proposed Testing & Treatment

Often considered “propriatary” and panels
differ from center to center

IVlg is commonly used treatment every 28 days

Treatment lengths vary
— Can start as early as 2-3 weeks before conception
— Can continue as late as 35 weeks

Typically, costs are $3,000 per IVIG infusion

http://www.stirrup-queens.com/2006/07/testing-for-recurrent-pregnancy-loss/
Clark DA. Popular myths in reproductive immunology. J Reprod Immunol. 2014 Oct;104-105:54-62.
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Agents used for Immunomodulation in ART

DRUG COST CLINICAL USES SIDE
(UsD) EFFECTS/ADVERSE
EVENTS
Lipid Emulsion $425 Parenteral nutrition Liver and spleen dz,
(Intralipid) Per infusion | Given with propofol thrombocytopenia
Intravenous $2,500 Immunoglobulin deficiency Meningitis, renal
Immunoglobulin | Per infusion | states, hematologic and failure, thrombosis,
(IVIG) neurologic disorders, transplants | enteritis, infections
Corticosteroids $2.50 Inflammation, allergy, asthma, Diabetes, osteoporosis
Per 28 tabs | autoimmune disease Ulcers, Cushings dz
Anti-TNF $500 Autoimmune disease, rheumatic | Infection, lymphoma,
40mg inject | and inflammatory disease CHF, lupus-like dz
Granulocyte-CSF | $75 Neutropenia, recurrent and HIV | Liver/spleenomegaly,
300mcginj | infection osteoporosis, gout

Moffett & Shreeve. First do no harm: uNK cells in ART. Hum Reprod 2015; 30:1519-1525

Cochrane Review : No effect of IVIG treatment on outcome—Ilive birth rate.

Y apy for recurrent
Comparison: 4 Intravenous immunogiobulin versus placebs
futcoms: 1 Live birth rane

Study or subgroup wig Placebo Patg Ddds Ratio Waight Prto Odds Ratlp
[l

il N Futn,Fland, 95% CI Pote Fined, 55% CI
Cauchi 1331 LI L Mot estimubly
Chriztiansen 1385 8/14 e —_— TAN I45[063.18.95]
Chrismiansen 2002 13/z8 13129 —— EH RN Lo0[036 2.73]
Coulam 1985 10421 Tna —— Hax 1.54 [045.5.31]
Gorman REA/IVIG 1984 20433 s —— x 074 10.27, 2031
Jablonewsla 1509 17422 15718 ety 106X 0.91 [0.21,3.83]
Paring 1957 18122 20724 —— 118% 0541024, 2408)
Hephenson 1908 817 TTha —_— 1L3% 0771019, 318])
Total (35% CI) 159 1 -> 1000 % 0.98 [ .61, .58 |

Toml evenis: 32 W16, 85 Placebod

Heteregeneity Chi* = 372, df =6 F = 0.71); P =0.0%
Testfor gwarill offect 7 = 0.08 (P = 0.54)

Testlor subgroup ditherences: Not applicable

L
[ET ] [T
Favours placeba Favours WIG

“Paternal cell immunization and IVIG provide no beneficial
effect over placebo in improving live birth rate”

Wong, Porter, Scott. Inmunotherapy for recurrent miscarriage. Cochrane Database Syst Rev 2014;10:CD000112
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Clinical pregnancy rates in ART cycles where IVlg was administered.

IVig Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Moraru et al. 2012 17 2 2 20 17.0% 850[2.25,32.06) B
Winger etal. 2011b 3B 62 7 21 830%  236[1.21,4.61] ‘.‘
Total (95% CI) 82 47 100.0%  3.41[1.90,6.11] L
Total events 55 9 ' .

Heterogeneity: Chi® = 2.97, df = 1 (P = 0.08); I = 66%

Test for overall effect: Z = 4.12 (P <0.0001) o L L

Favours Control Favours IVlg

Polanski et al. Interventions in women with elevated NK cells undergoing ART. Hum. Reprod. 2014;29:65-75

Summary NK Cells

* Conflicting data
— No standardization of testing and treatments
— Protocols vary from center to center
* ASRM Practice Committee Opinion (2012)
— NK Cell testing/treatment is not recommended
* ASRM Fact Sheet (2014)

— “There is no proof that intravenous (IV) infusions of blood
products (such as intravenous immunoglobulin [IVIG]) or
intralipids decrease the risk of miscarriage.”

ASRM Practice Committee. Evaluation and treatment of RPL. Fertil Steril. 2012 Nov;98(5):1103-11.
Sharma S. NKcells and regulatory T cells in early pregnancy loss. Int J Dev Biol. 2014;58(2-4):219-29.
https://www.asrm.org/FACTSHEET_Treatment_of_recurrent_pregnancy_loss/
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Summary Testing & Treatment
for Implantation Failure

TEST CONSIDERED TEST RECOMMENDED TREATMENT
RECOMMENDED

Antiphospholipid NO NO

Antibodies

Antithyroid antibodies NO NO

TSH YES YES, if TSH > 2.5
Natural Killer Cells NO NO
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Learning objectives

To understand the biological basis for sperm
DNA fragmentation

To appreciate the biological consequences of
DNA fragmentation

To understand the level of existing evidence
on the relationship between DNA
fragmentation and outcome of IVF/ICSI

To appreciate the limited utility of the
currently available DNA fragmentation tests

Outline

Introduction

Do sperm DNA integrity test predict IVF
outcome?

Does the extent of sperm DNA
fragmentation affect IVF or ICSI outcome?
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Sperm DNA Fragmentation-
Biological Basis

The main pathway that leads to sperm DNA breaks is a
process of apoptosis triggered by testicular conditions
and by oxidative stress during the transit in the male
genital tract (Muratori et al., 2015)

Once the sperm nucleus has been introduced into the
ooplasm, the condensed nucleus undergoes rapid de-
condensation to release the DNA for formation of a
paternal pronucleus. Any abnormal change in the
structural organization can cause delays or defects in
the delivery of the paternal DNA.

Sperm DNA Fragmentation-
Biological Basis

Any damage to the DNA during the transition
from the testicle to the egg cannot be repaired
until the DNA is accessible for DNA repair
systems in the ooplasm.

The risk of error during the repair process
increases with the number of DNA strand
breaks in an individual sperm nucleus.
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Sperm DNA Fragmentation-
Biological Basis

* In animals, induced sperm chromatin
fragmentation severely delayed the
replication of the paternal pronucleus and
severe damage led to arrested embryo
development

(Gawecka et al., 2013)

Sperm DNA Fragmentation-
Biological Basis

+ When the DNA damage is less severe (mostly single-
stranded breaks), there is no detectable delay in the
DNA synthesis but chromosomal breaks are detected at
mitosis demonstrating that DNA synthesis is possible in
the zygote with some breaks

(Gawecka et al., 2013)

* In both cases, embryo development might be
compromised. These are the reasons why the injection
of a spermatozoa with fragmented DNA can be
detrimental.
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Impact of Sperm DNA
fragmentation on the IVF/ICSI

outcome
» Contradictory evidence:

— sperm DNA fragmentation in predicting fertilization,
embryo
development, implantation, birth defects in the
offspring
and early pregnancy loss

(Gandini et al., 2004; Huang et al., 2005; Borini et al., 2006;
Bungum et al., 2007; Simon et al., 2011; Sakkas, 2013; Palermo et
al., 2014)

Impact of Sperm DNA
fragmentation on the IVF/ICSI

outcome
» However, some studies found that sperm with

DNA damage were capable of fertilizing an
oocyte because they only found a modest
effect on conception rates with conventional
IVF and little, if any, effect with
intracytoplasmic sperm injection (ICSl)

Bungum, et al Hum Reprod, 19 (2004), pp. 1401—
1408

Virro, et al.,Fertil Steril, 81 (2004), pp. 1289-1295

Check, et al., Arch Androl, 51 (2005), pp. 121-124

Benchaib, Jet al., Fertil Steril, 87 (2007), pp. 93—100

Bungum et al.Hum Reprod, 22 (2007), pp. 174-179

Frydman et al.Fertil Steril, 89 (2008), pp. 92-97
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Impact of Sperm DNA
fragmentation on the IVF/ICSI

outcome
« Two major categories of selection method

are currently used:

— those aiming to enhance the number of
spermatozoa with intact DNA in the sperm
population used for ICSI and

— those aiming to isolate the single

spermatozoon with the lowest chance of
having fragmented DNA for the injection.

Impact of Sperm DNA
fragmentation on the IVF/ICSI

outcome
» To date, there is no reliable approach to

completely filter out spermatozoa with
DNA

strand breaks from an ejaculate

(Zini et al., 2000; Gandini et al., 2004; Stevanato et al., 2008; Ebner et
al., 2011).
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Ultimately a single sperm is selected in
|ICSI, and these assays destroy the
gametes they interrogate.

Even if a DNA integrity test can tell us
that the sperm of an individual may be
more or less likely to result in pregnancy
or miscarriage,
we still have no way of translating that
knowledge into a truly useful clinical
outcome.

i virRo FeaTiizaTion |

Do sperm DNA integrity tests predict pregnancy with
in vitro fertilization?

John A. Collins, M.D.,” Kurt T. Barnhart, M.D.," and Peter N. Schiegel, M.D.*

* Department of Obstetrics and Gynecology, MeM University, Hamilton, Ontario, Canada; * Penn Fertility Care, Department
of Obstetrics and Gynecology and Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania, Philadelphia,
Pennsylvania; “ Department of Urology, Weill Cornell Medical College, New York Presbyterian-Weill Cornell Medical Center,
New York, New York
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TABLE 1

Methodological features: studies of the association between sperm DNA fragmentation and
pregnancy.
Normal Pregnancy Outcome
Study Treatment Assay range Cycles outcome rates (%)
Boe-Hanson et al., 2006 (46)  IVF SCSA DFl <27% 139 Clinical 28
ICSI SCSA DFl <27% 47 Clinical 30
Borini et al., 2006 (52) IVF TUNEL <10% 82 Clinical 22
ICSI TUNEL <10% 50 Clinical 24
Bungum et al., 2007 (27) IVF SCSA DFI <30% 388 Delivery 28
ICSI SCSA DFI <30% 223 Delivery 38
Check et al., 2005 (47) IVF SCSA DFl <30% 106 Ongoing 17
Gandini et al., 2004 (48) ICSI SCSA DFl <30% 22 Full term 41
Host et al., 2000 (53) IVF TUNEL <4% 175 Biochemical 29
ICSI TUNEL <4% 61 Biochemical 34
Huang et al., 2005 (54) IVF TUNEL <4% 217 Pregnancy 55
ICSI TUNEL <4% 86 Pregnancy 51
Larson et al., 2000 (24) IVF, ICSI SCSA DFI <27% 24 Pregnancy 29
Larson-Cook et al., 2003 (25)  IVF, ICSI SCSA DFl <27% 89 Clinical |
Payne et al., 2005 (49) IVF, ICSI SCSA DFl <27% 94 Clinical 33
Seli et al., 2004 (14) IVF, ICSI TUNEL <20% 49 Clinical a7
Virro et al., 2004 (50) IVF, ICSI SCSA DFl <30% 249 Ongoing 41
Zini et al., 2005 (51) ICSI SCSA DD <30% 60 Clinical 52
Note: DD, sperm DNA denaturation; DFI, DNA fragmentation index; SCSA, sperm chromatin structure assay; TUNEL, ter-
minal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate-biotin nick end labeling assay.
Colling. Sperm DNA integrity tests. Feriil Steril 2008,

| TABLE 2

Diagnostic test properties: studies of the association between sperm DNA fragmentation and
pregnancy.
Sens + Abnormal

Study Treatment Sens Spec Spec tests (%) DOR (95% CI)
Boe-Hanson et al., 2006 (46)  IVF 006 0.97 1.03 5 2.04 (0.38,11.0)
ICSI 0.36 0.57 0.94 38 0.76 (0.21,2.73)
Borini et al., 2006 (52) IVF 017 0.89 1.06 16 167 (0.38, 6.51)
ICSI 0.71 0.75 1.46 60 6.55 (1.77,24.3)
Bungum et al., 2004 (26) IVF (3 Pl 0.85 1.02 16 116 (0.64,2.12)
ICSI 0.30 0.63 0.93 33 0.74 (0.42,1.31)
Check et al., 2005 (47) IVF 0.30 0.83 1.13 27 190 (0.61,5.89)
Gandini et al., 2004 (48) [ec]] 0.38 0.44 0.83 45 052 (0.10,2.74)
Host et al., 2000 (53) IVF 0.34 0.80 1.14 30 1.91 (0.93,3.91)
ICSI 0.58 0.38 0.96 59 0.84 (0.29,2.43)
Huang et al., 2005 (54) IVF 022 0.83 1.04 19 1.30 (0.66, 2.56)
ICSI 0.64 0.50 1.14 57 1.78 (0.76, 4.16)
Larson et al., 2000 (24) IVF, ICSI 0.58 0.94 1.59 42 1017 (1.77,58.4)
Larson-Cook et al., 2003 (25) IVF, ICSI 017 0.98 116 11 508 (1.24,20.8)
Payne et al., 2005 (49) IVF, ICSI 0.16 0.71 0.87 20 044 (0.15,1.27)
Seli et al., 2004 (14) IVF, ICSI 0.46 0.61 1.07 43 1.32 (0.43,4.07)
Virro et al., 2004 (50) IVF, ICSI 0.35 0.81 1AT 29 2.27 (1.30, 3.96)
Zini et al., 2005 (51) ICSI 0.17 0.81 0.98 18 0.87 (0.24,3.19)

Note: Cl, confidence interval; DOR, diagnostic odds ratio; Sens, sensitivity; Spec, specificity.

Collins. Sperm DNA integrity tests. Fertil Steril 2008,
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A DOR greater than 1.0 means that with abnormal
DNA integrity test results the chance of disease (in
this case nonpregnancy) with IVF or ICSl is

higher.

TABLE 3 |
Likelihood ratios: studies of the association between sperm DNA fragmentation and pregnancy.
Study Treatment LR (+) 95% CI LR (-) (95% CI)
Boe-Hanson et al., 2006 (46) IVF 2.34 (0.27, 20.1) 0.96 (0.05, 18.1)

ICSI 0.85 (0.24, 3.03) $.11 (0.586, 2.22)
Borini et al., 2008 (52) IVF 1.66 (0.31, 7.72) 0.93 (0.28, 3.08)
ICSI 2.84 (0.65, 12.5) 0.39 (0.27, 0.54)
Bungum et al., 2004 (26) IVF 1.14 (0.61, 2.11) 0.98 (0.56, 1.71)
ICSI 0.82 (0.46, 1.45) 1.11 (0.76, 1.60)
Check et al., 2005 (47) IVF el (0.47, 6.65) 0.85 (0.48, 1.50)
Gandini et al., 2004 (48) ICSI 0.69 (0.12, 3.89) 1.38 (0.51,8.79)
Host et al., 2000 (53) IVF 1.68 (0.77, 3.69) 0.83 (0.56, 1.23)
ICSI 0.93 (0.32, 2.74) 1.12 (0.63, 1.98)
Huang et al., 2005 (54) IVF 1.25 (0.63, 2.45) 0.95 (0.53, 1.69)
ICSI 1.29 (0.54, 3.06) 0.71 (0.49, 1.05)
Larson et al., 2000 (24) IVF, ICSI 9.33 (0.46, 190) 0.44 (0.27, 0.74)
Larson-Cook et al., 2003 (25) IVF, ICSI 9.82 (0.55, 174) 0.85 (0.23,3.13)
Payne et al., 2005 (49) IVF, ICSI 0.54 (0.18, 1.50) 1.18 (0.41, 3.41)
Seli et al., 2004 (14) IVF, ICSI 1.18 (0.38, 3.68) 0.88 (0.51, 1.53)
Virro et al., 2004 (50) IVF, ICSI 1.90 (1.04, 3.47) 0.79 (0.58, 1.10)
Zini et al., 2005 (51) ICsI 0.89 (0.24, 3.31) 1.03 (0.28, 3.77)
Note: Cl, confidence interval; LR(+), likelihood ratio of a positive (abnormal) test result; LR{-), likelihood ratio of a normal
test result.
Collins. Sperm DNA imegrity 1ests. Fertil Sreril 2008,
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| FiGURE 2 [
Receiver operating characteristics (ROC) curve:
sperm DNA integrity and pregnancy.
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Collins. Sperm DNA integrity tests. Fertil Steril 2008,

This association was not adequate by itself to
discriminate which couples would conceive after
treatment. The sensitivity and specificity of the test
in different studies were scattered around the

nondiscriminatory diagonal of the ROC space.
The sensitivity and specificity of the test in different

studies were scattered around the nondiscriminatory
diagonal of the ROC space. In general, likelihood

ratios less than 0.5
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TABLE 4

Subgroup analyses among studies of sperm DNA integrity and pregnancy.

Number of studies Number of cycles DOR 95% CI P value
Treatment
IVF B 1107 1.53 (0.77, 3.02)
ICSI 7 549 1.12 (0.59, 2.15) 41
IVF, ICSI 5 505 1.91 (0.79, 4.57)
Assay type
SCSA 11 1441 1.31 (0.81, 2.11) .48
TUNEL 7 720 1.67 (0.89, 3.11)

Note: Cl, confidence interval, SCSA, sperm chromatin structure assay; TUNEL, terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate-biotin nick end labeling assay.

Colling. Sperm DNA integrity tests. Fertil Steril 2008,

TABLE 4

Subgroup analyses among studies of sperm DNA integrity and pregnancy.

Colling. Sperm DNA integrity tesis. Fertil Steril 2008,

Number of studies Number of cycles DOR 95% CI P value
Treatment
IVF 6 1107 1.58 (0.77, 3.02)
ICSI 7 549 1.12 (0.59, 2.15) 41
IVF, ICSI 5 505 1.91 (0.79, 4.57)
Assay type
SCSA 11 1441 1.31 (0.81, 2.11) 48
TUNEL 7 720 1.67 (0.89, 3.11)

1 Note: Cl, confidence interval, SCSA, sperm chromatin structure assay; TUNEL, terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate-biotin nick end labeling assay.
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Recent evidence

Tests: SCSA, COMET, TUNEL

Does the extent of sperm DNA fragmentation
affect IVF or ICSI outcome?
A systematic review and meta analysis
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www.sciencedirect.com
www.rbmeonline.com

REVIEW

The effect of sperm DNA fragmentation on live )
birth rate after IVF or ICSI: a systematic
review and meta-analysis

A Osman *, H Alsomait, S Seshadri, T El-Toukhy, Y Khalaf

Assisted Conception Unit, Guys Hospital, Great Maze Pond, SE1 9RT, UK
* Corresponding author, E-mail address(es): miosman.amira@gmail.com, dr_micB0@yahoo.com (A Osman).

* Dr Amira Osman received her medical training (MBBCh) in 2003, MSc in 2007 and MD in 2012 from the Depart-
ment of Obstetrics and Gynaecology in Cairo University, Egypt. She became a member of the Royal College of
Obstetrictans and Gynaecologists, UK, in 2010. She joined Guys and St Thomas NHS trust in 2011 and for the
last 2 years has specialized in reproductive medicine and assisted conception.

Sperm chromatin structure assay
SCSA

Indirect test
DNA fragmentation index(D

DFI >30% poor fertility

(A) Green fluorescence represented sperm with
normal double stranded DNA. (B) Red or orange
fluorescence represented sperm with single-

stranded DNA.
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Comet

Single cell gel
electrophoresis

HMaad Tt

Damaged cell
POHA present [n the Wil relleces ibe DMA dasnage]
Undamaged call
18wt ol DA b located b the B |

TUNEL

deoxynucleotidyl transferase —mediated Dutp nick end
labeling

APO-BrdU TUNEL Assay Diagram

Adel BreUTE f d antis

s H DA ST a'_ulul'ng af Ef:._ >
sing TdT attachad to
e FOH DMNA Strand Braaks
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Objective

To evaluate the effect of sperm DNA

fragmentation on IVF and ICSI outcome

Guy's and St Thomas’ INHS| Akd

NHS Foundation Trust Rt

INCLUSION CRITERIA

« Sperm DNA damage detected by SCSA, TUNEL or
COMET

« SDF in raw/prepared semen in men undergoing
IVF/ICSI

 Clinical pregnancy rate and live birth rate as
outcome
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Methodology
1304 citations

:

1200 not relevant

1 1

criteria

7 no clear cut off

15 unable to construct 2x2

table
25 studies included
25 Studies
3360 iouples
SCSA TUNEL COMET
14 (1621 couples) 8 (1233 couples) 3 (506 couples)

IVF 5 6
2
ICSI 8 4
2
IVF + ICSI 6 1

1
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Methods
Study design:

* 13 Prospective studies

+ 4 Retrospective studies

e 8 Unclear

Threshold levels for assays

SCSA > 30%
TUNEL >10%

COMET >14%
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DFI>30% DFI<30% Risk Ratio (Non-event) Risk Ratio (Non-event)
Stud, ou, Events Total Events Total Weight _ M-H, 95% C1_Year M-H, 95% Cl1
1 scsa

B a 18 30 91  7.8% 1.16 [0.87, 1.54] 2004 ™
Hansen 2006 1 7 38 132  68% 1.20 [0.87, 1.66] 2006 ™
Ming-Huei 2008 12 22 59 115 3.6% 0.93 [0.57, 1.53] 2008 -
Speyer 2010 1 8 46 116 7.3% 1.45[1.07, 1.96] 2010

Jiang 2011 10 29 4z 87  6.4% 1.27 [0.91.1.77] 2011

Subtotal (95% CI) 84 541 31.9% 1.23 [1.06, 1.43]

Total events, 28 215

Heterogeneity: Tau® = 0.00; Chi* = 2.91, df = 4 (P = 0.57); I* = 0%

Test for overall effect: Z = 2.76 (P = 0.006) CPR obtained

1.1.2 SCsAIcsI

Elliott 2004 s 20 26 a8 3.5% 1.20 [0.73, 1.98] 2004
B 2004 S 072 toas 1 o 200s from SCSA

Zini 2005 6 11 25 a9 1.9% 0.93 [0.46, 1.88] 2005 .

Hansen 2006 6 18 a8 20 51% 0.92 [0.62, 1.37] 2006 T Assay

Ming-Huei 2008 10 21 34 65 3.8% 1.10 [0.68, 1.78] 2008 —

Micinski 2009 2 21 11 39 9.4% 1.26 [0.99, 1.60] 2009 ™ 0
23 1o o mEsiaes I (DFI > &< 30%)
Jiang 2011 4 21 20 az2 5.9% 1.55[1.08, 2.20] 2011 =

Subtotal (95% CI) 151 395 39.1% 1.13 [0.97, 1.32] »

Total events s3 168

Heterogeneity: Tau? = 0.01; Chi? = 8.24, df = 7 (P = 0.31); I7 = 15%
Test for overall effect: Z = 1.62 (P = 0.10)

1.1.3 SCSA IVF + ICSI

Larson 2000 o ° 7 1z 23% 2.25[1.17, 4.30] 2000 —
Garaner 2004 17 2 66 107  12% 0.50 [0.20, 1.24] 2004 —

Virro 2004 20 71 84 178 11.4% 1.36 [1.11, 1.66] 2004 -
Chohan 2004 4 ° 25 43 2a% 1.33 [0.67, 2.63] 2004 T
Check 2005 e 20 26 77 8% 1.09 [0.83, 1.44] 2005 ™

Payne 2005 o 19 22 76  a2% 0.74 [0.47. 1.16] 2005 -1
Subtotal (95% CI) 158 493 28.9% 1.14 [0.84, 1.53] »>

Total events se 230

Heterogeneity: Tau® = 0.08; Chi* = 14.15, df = 5 (P = 0.01); I* = 65%

Test for overall effect: Z = 0.84 (P = 0.40)

ot 050 rizs 1000w arrros s D

Total events 139 613

Heterogeneity: Tau? = 0.02; Chi* = 25.92, df = 18 (P = 0.10); I = 31% bor oh T 500
Test for overall effect: Z = 2.91 (P = 0.004) DFI=30% DFI<30%

Test for subaroup differences: Chi* = 0.64. df = 2 (P = 0.73). 17 = 0%

CPR obtained from COMET (high & low DNA fragmentation)

High DNA ion  Low DNA i Risk Ratio (Non-event) Risk Ratio (Non-event)
Events Total Events Total Weight _M-H, Random, 95% CI Year M-H, Random, 95% CI
4 13 7 23 65% 1.00[0.63, 1.56] 2011
Simon 2013 16 99 34 104 526% 1.25[1.06, 1.46] 2013
Subtotal (95% CI) 12 127 59.2% 1.22[1.05, 1.41]
Total events 20 M

Heterogeneity: Tau® = 0.00; Chi* = 0.85, df = 1 (P = 0.36); I? = 0%
Test for overall effect: Z = 2.54 (P = 0.01)

2.1.2 Comet ICSI

Jun Chi 2011 10 24 12 31 6.9% 0.95[0.61, 1.48] 2011
Simon 2013 21 93 15 43 22.3% 1.19[0.93, 1.52] 2013
Subtotal (95% CI) 17 74 293% 1.13[0.91, 1.40]

Total events 31 27

Heterogeneity: Tau? = 0.00; Chi? = 0.76, df = 1 (P = 0.38); I = 0%
Test for overall effect: Z = 1.10 (P = 0.27)

2.1.3 Comet IVF +ICSI

Morris 2002 9 31 6 22 11.5% 0.98 [0.69, 1.37] 2002
Subtotal (95% CI) 31 22 11.5% 0.98 [0.69, 1.37]
Total events 9 6

Heterogeneity: Not applicable
Test for overall effect: Z = 0.14 (P = 0.89)

Total (95% CI) 260 223 100.0% 1.16 [1.03, 1.30]
Total events 60 74

Heterogeneity: Tau? = 0.00; Chi* = 3.04, df = 4 (P = 0.55); I? = 0%

Test for overall effect: Z = 2.50 (P = 0.01)

Test for subaroun differences: Chi* = 1.42. df = 2 (P = 0.49). I = 0%

001 0.1 1 10 100
High DNA frag Low DNA frag
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High DNA Low DNA Risk Ratio (Non-event) Risk Ratio (Non-event)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% CI
3.1.1 Tunel IVF
Henkel 2003 12 64 50 144 28.8% 1.24[1.05, 1.47] 2003 d
Seli 2004 9 21 14 28 29% 1.14[0.68, 1.93] 2004 T
Henkel 2004 12 63 37 104 23.3% 1.26 [1.04, 1.51] 2004 il
Huang 2005 1 1 119 216 0.1% 0.56 [0.05, 6.16] 2005 |
Borini 2006 2 13 16 69 11.5% 1.10[0.84, 1.44] 2006 ™
Frydman 2008 20 52 40 65  57% 1.60[1.10,2.33] 2008
Subtotal (95% CI) 214 626 724% 1.24[1.12,1.38] CD
Total events 56
Heterogeneity: Tau? = 0.00; Chi? = 3.20, df = 5 (P = 0.67); = 0%
Test for overall effect: Z = 4.03 (P < 0.0001)
3.1.2 Tunel ICSI CPR
Henkel 2003 6 29 12 2% 46% 153[1.00,2.32] 2003 — TUNEL
Huang 2005 8 13 36 73 15% 0.76 [0.37, 1.57] 2005 - .
Borini 2006 3 kY 9 0 47% 1.64[1.08,2.48] 2006 ﬁ(h ig h& low DN/
Ozmen 2007 0 8 10 34 11.2% 1.35[1.03, 1.76] 2007 ‘; .
Subtotal (95% Cl) 80 152 22.0% 1.38[1.11,1.72] CJ
Total events 17 67 ragmentatlon
Heterogeneity: Tau?=0.01; Chi?=3.62, df =3 (P = 0.31); = 17%
Test for overall effect: .88 (P = 0.004)
3.1.3 Tunel IVF +ICSI
Espert 2011 1 26 76 135 56% 1.32[0.90, 1.93] 2011
Subtotal (95% CI) 26 135 5.6% 1.32[0.90, 1.93]
Total events " 76
Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)
Total (95% Cl) 320 913 100.0% 1.28 [1.17, 1.40] (
Total events 84 419
Heterogeneity: Tau? = 0.00; Chi* = 7.60, df = 10 (P = 0.67); I = 0% k + + J
Testfor overalleffect Z = 5.34 (P < 0.00001) oot 01 o 100

N ; High DNA fragmentation ~ Low DNA fragmentation
Test for subaroup differences: Chi? = 0.76, df = 2 (P = 0.68), I* = 0%

High DNA fragmentation  Low DNA fragmentation Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Totat events Total Weight ' M-t1. Randorm. 85% Ci Year ot Randonm. 95% C1
RN
Honke! 2003 12 6a 0 1as s7% 4241105, 1471 2003 —
Sensooa B 5 % 28 12w 134 (068, 105] 2004 —
Bungum 2004 3 s 30 5T s 116 (087, 1641 2004 4—
Flonkal 2008 5 s 3 10n  Taw 1726 (104, 1611 2004 —
Haang 2005 : i 110 216 0% 560,05, 6.16] 2005
Hanoen 2006 1 7 38 T2 Sow 20067, 106 2000
Borim 2008 2 15 Je o6 az% 1170 084, 1441 2006
Prydman 2008 20 52 o o5 2% 1160 11,10, 2331 2008
Ming-Huel 2008 2 % 5o 198 Tew 063 [0.57. 1.63] 2008
Speyer 2010 ; s P 1ie  saw a5 (107 1981 2010
Sing 2011 10 20 e 87 2% 127001 1771 2011
Jom &ni 2011 a s 7 25 16w 160 (063, 166] 2011
Simon 2013 16 o0 34 104 0% 125 (106, 1.46] 2013
SUbeeear 5% cn 430 1294 as.3% 135 104135
Total ovents 04 552
Fetorogenaity: Taus = 0.00; Chit = 653, df = 12 (P = 0.89); I = 0%
Test for overall effect: Z = 5.50 (P < 0.00001)
61.21Cst
Henkel 2003 . 20 12 25 1.8% 1531100, 2.32] 2003 —
Elott 2004 o 20 26 G 1w 120079, 1981 2004
Bungum 2004 5 7 7 G0 11w 072 (0,42, 1241 2004
Huang 2005 M i3 36 75 oew 076 10,37, 1671 2008

) o i 2o i o7w 068 [0.46. 1881 2008
Borini 2006 S 30 o 20 Tew 64 108 28] 2006 — .
Haneen 2006 . 18 s 20 2% 092062, 1.371 2008 ——_ combined
Gamen 2007 o s 10 =3 350108, 1761 2007 —
Ming-Huel 2008 10 21 4 0s  Taw 17010.68, 1781 2008 —
Miciaki 2009 2 B it S sow 1126 [0.95, 1.60] 2009 — tests
Spayer 2010 z 22 27 72 2w 16710.77.1.50] 2010 —=
S Gnizon 10 2 i 51 17w 095061, 1.48] 2011 —
Jiang 2011 4 21 20 25w Y55 (1,08, 220] 2011 —
Simon 2013 P 55 T i asw 1751095, 1521 2013
Simioal (ss% o1y 338 621 siew 1A (o7, 1.351
Hotorogeonelty: Tau® = 0.01; Chi* = 15.66, df = 13 (P = 0.27); I+ = 17%
oot for overail orfoct 2 = 5,00 ( = 0.002)
6.1.3 v+ 1GS1
Uarson 2000 s 7 12 osw% 225117, 430] 2000
Normia 3005 S 51 : 22 27w 658066, 1371 2002 —=
Vireo 2004 20 B sa i7e eew o137 1661 2004 —
Chonan 5004 a S s s 07w 1351067 2691 2004 —]
Caranar 2004 a7 21 o 107 o 050 [0.20, 1941 2004
Payno 2005 5 T o % Sew 07404z, 1761 2008
Cheex 2008 5 20 %o 77 slow 05 (085 1441 2005
Eepert 2011 1 26 %e 156 22 1921060 193] 2011
Subtotal (95% CI) 215 650 19.0% 1.14 [0.92, 1.41
Total ovents 78 312
Hotoregenelty: Tau® = 0.04; Chi* = 18.47, df = 7 (P = 0.03); 1 = 559
Test for overail effect: 2 = 1.21 (= 0.25)
Total 05% o o073 2565 100.0% 1.21 (114, 1.28]
Total events 263 1106
Hotorogenelty: Tau® = 0.00; Chi* = 37.86, df = 34 (P = 0.30); I* = 10%

o o * AL

oot for verail cifact 2 2 6.51 (P = 6.00001) S o1 EN
Teot for subaroup differences: Ghi- = 0.61. 1 = 2 (P = 0.74). I = 0%

Guy’'s and St Thomas” INHIS |

NHS Foundation Trust
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LBR obtfained by SCSA (high & low DNA fragmentation)

DFI>30% DFI<30% Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

1.2.1 SCSA IVF

Bungum 2004 4 18 27 91 195% 0.75[0.30, 1.88] 2004 —

Speyer 2010 1 8 31 116 4.8% 0.47 [0.07, 3.00] 2010 - 1

Subtotal (95% CI) 26 207 24.3% 0.68 [0.30, 1.56] o

Total events 5 58

Heterogeneity: Tau? = 0.00; Chi? = 0.20, df = 1 (P = 0.65); I = 0%

Test for overall effect: Z=0.91 (P = 0.36)

1.2.2 SCSA ICSI

Bungum 2004 8 17 17 49 41.1% 1.36[0.72, 2.56] 2004 T

Speyer 2010 5 22 20 74 225% 0.84[0.36, 1.98] 2010 —

Subtotal (95% CI) 39 123 63.6% 1.15[0.69, 1.91] >

Total events 13 37

Heterogeneity: Tau? = 0.00; Chi? = 0.81, df = 1 (P = 0.37); I> = 0%

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

1.2.3 SCSA IVF +ICSI

Check 2005 3 29 15 77 12.2% 0.53[0.17, 1.70] 2005 - T

Subtotal (95% CI) 29 77 12.2% 0.53[0.17,1.70] ‘>

Total events 3 15

Heterogeneity: Not applicable

Test for overall effect: Z = 1.07 (P = 0.29)

Total (95% Cl) 94 407 100.0% 0.92[0.61, 1.38]

Total events 21 110

Heterogeneity: Tau? = 0.00; Chi? = 3.27, df =4 (P = 0.51); I>= 0% k + T + 1

Test for overall effect: Z = 0.40 (P = 0.69) 0_’01 01 1 10 100

High DNA 1 Low DNA
Test for subaroun differences: Chi? = 2.07. df = 2 (P = 0.36). I = 3.4%
= |
Guy's and St Thomas' N7 5] 9
NHS Foundation Trust Bt ettt

Test for overall effect: Z = 2.68 (I

Test for subaroun differences: Chi* = 0.59. df = 2 (P = 0.751.

High DNA fragmentation

Heterogeneity: Tau? = 0.00; Chi? = 0.59, df = 2 (P = 0.75); I2 = 0%

=0%

Low DNA fragmentation

High DNA Low DNA Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup Events Total _Events Total Weight __M-H, Random, 95% c1 -, Random, 95% c1
221 Comet IVF
Simon 2013 is o 2 104 a7 7% 244 (118, 500
Subtotal (95% CI) 929 104  47.7% 2.44[1.18, 5.04]
Total events is 2
Heterogenity: Not applicablo
Tastfor overall offect 2 = 2.40 (P = 0.02)
222 Cometics!
simon 2013 19 03 13 43 37.2% 169 [0.74, 3.84] -y
Subtotal (95% C1) 03 a3 372% 1.69 [0.74, 3.84] -
Total events 1o s
Heteragonoty: Not sppcablo LBR
Test for overall effect: Z = 1.25 (P = 0.21)
225 comennve +1cs COMET &
Morris 2002 6 31 6 22 15.1% 156 [0.43, 5.70] T
Subtotal 95% C 31 2 51w 158 1043, 5701 —_— TUNEL
Total events 3 3
Heterogeneity: Not applicable (h |g h &
Tastfor overall offect 2 = 0.68 (P = 0.50)
Total (5% 1 223 169 100.0% 199 11.20, 3.28] L 2 low DN F)
Total ovents 3 a7

©ads Ratio (Non-event)

0.01 0.1
High DNA fragmentation

10 100
Low DNA fragmentation

©Odds Ratio (Non-event)

Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)

3.2.3 Tunel IVF +1CSI
Subtotal (95% CI)

Total events o
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)

Total events 12

Test for overall effect: Z = 3.73 (P = 0.0002)

60

Test for subarouo differences: Chi* = 0.00. df = 1 (P = 0.961.

©

8 100.0%

Heterogeneity: Taus = 0.00: Chi* = 0.00, df = 1 (P = 0.95); I* = 0%

"= o%

Stuay or Subgroup. Events Totat Events Total Weignt  M-H, Random, 95% c1 M-H, Random, 95% C1
324 Tunel IVF

Frydman 2008 "2 52 a7 65 93.0% 4.40[1.96, 9.91] @
Subtotal (95% C) 52 65 93.0% 4.40 11,96, 9.91]

Total events a2 a7

Heterogeneity: Not appiicable

Test for overall effect: Z = 3.58 (P = 0.0003)

3.2:2 Tunel icS1

Ozmen 2007 o s 7 2 7.0% 4.81 (025, 93.33]

Subtotal (95% ) s 33 70w 481 [0.25, 93.33]

Total events o 7

Not estimable

4.43[2.03, 9.69]

-

100

0.01 o1 10
High DNA fragmentation  Low DNA fragmentation
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LBR obtained from combined tests

High DNA i Low DNA i Risk Ratio (Non-event) Risk Ratio (Non-event)
yorSybgroup Events Total Events Total Weight _M-H, Random, 95% Cl Year M-H, Random, 95% CI
IVE
Bungum 2004 4 18 27 91 7.5% 1.11[0.84, 1.46] 2004 T
Frydman 2008 12 52 37 65  6.0% 1.79[1.30, 2.45] 2008 -
Speyer 2010 1 8 31 16 7.3% 1.19[0.90, 1.59] 2010 ™
Simon 2013 13 99 28 104 23.0% 1.19[1.03,1.37] 2013
Subtotal (95% CI) 177 376 43.7% 1.27 [1.05, 1.52]
Total events 30 123

Heterogeneity: Tau? = 0.02; Chi? = 6.79, df = 3 (P = 0.08); I = 56%
Test for overall effect: Z = 2.52 (P = 0.01)

6.2.21CSI
Bungum 2004 8 17 17 49 26% 0.81[0.50, 1.33] 2004 -
Ozmen 2007 o 8 7 33 9.9% 1.21[0.95, 1.54] 2007 il
Speyer 2010 5 22 20 74 82% 1.06[0.81,1.38] 2010 T
Simon 2013 19 93 13 43 11.2% 1.14 [0.91, 1.42] 2013 =
Subtotal (95% CI) 140 199 32.0% 1.11[0.97, 1.27] 1

Total events 32 57

Heterogeneity: Tau® = 0.00; Chi = 2.60, df = 3 (P = 0.46); I = 0%

Test for overall effect: Z = 1.56 (P = 0.12)

6.2.3 IVF+ ICSI

Morris 2002 6 31 6 22 63% 1.11[0.81,1.51] 2002 T
Check 2005 3 29 15 77 18.0% 1.11[0.94,1.31] 2005 N

Subtotal (95% Cl) 60 99 24.3% 1.1 [0.96, 1.29] "

Total events 9 21

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I = 0%

Test for overall effect: Z = 1.43 (P = 0.15)
Total (95% CI) 377 674 100.0% 1.17 [1.08, 1.26]

Total events 71 201

Heterogeneity: Tau? = 0.00; Chi* = 10.46, df = 9 (P = 0.31); I7 = 14% 01 o1 1 10 100

Test for overall effect: Z = 3.72 (P =
Test for subaroup differences: Chi?

-0002) High DNA Low DNA
1.50. df = 2 (P = 0.47). 1 = 0%

Guy’s and St Thomas’ m

NHS Foundation Trust

Weaknesses

* Heterogeneity Threshold level
Study design
Specimen tested
Patient selection

* Small sample size in individual studies

Guy's and St Thomas’ INHS| Atd

NHS Foundation Trust S -
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Summary
Clinical pregnancy rate

| scsA | COMET | TUNEL | COMBINED
IVF s s s s

ICSI NS NS s S
IVF + ICSI NS NS NS NS
TOTAL S S s S
Live birth rate S : significant
|| scsa | comer | TuneL | comeiNeD [l
IVE NS S S S significant
ICSI NS NS NS NS
IVF +ICSI NS NS ) NS
TOTAL NS S S S
Summary

Clinical pregnancy rate

e TscoA [ cower | tune | comamen
Cw s s s s
NS S S

ICSI NS
IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate

[ | scsa COMET | TUNEL COMBINED
IVF NS S s s

S: significant

NS: non
ICSI NS NS NS NS significant
IVF + ICSI NS NS . NS
TOTAL NS S S S
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Summary

Clinical pregnancy rate
|| SCSA | COMET | TUNEL | COMBINED |
IVF S S S S

IVF + ICSI NS NS NS NS
TOTAL S S S $

Live birth rate

|| scsA coMeT | TUNEL | comeineD [RERCALLGE
IVF NS s S

S NS: non
ICSI NS NS NS NS significant
IVF + ICSI NS NS - NS
TOTAL NS S S s
Summary

Clinical pregnancy rate
|| SCSA | COMET | TUNEL | COMBINED |
IVF S S S S

ICSI NS NS S S
IVF + ICSI NS NS NS NS
TOTAL S S S S

Live birth rate

S:
T scsa | cower | TueL | cowied

NS: non

IVF NS S S S L

Cesowsowsows o ows
IVF + ICSI NS NS = NS
TOTAL NS S S S

significant
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Summary

Clinical pregnancy rate
|| SCSA | COMET | TUNEL | COMBINED _
IVF S S S S

Icsl NS NS s S
TOTAL s s S S
Live birth rate -
S: significant
| | scsa | comer | TuneL | comsineD
IVF NS s s s NS: non
significant
Icsl NS NS NS NS
TOTAL NS s S S

Conclusion

1- SDF appears to influence IVF and possibly ICSI
outcome by 17-21%

2- Need for standardized criteria in a large
prospective study

* LBR as outcome
» Agreed threshold level and specimen

» Standardized inclusion and exclusion criteria for
patient

* IVF and ICSI separately
3- Need to consider intervention studies to lower

Guy's and St Thomas' [Z53 A

g

NHS Foundation Trust N e ]
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MICRODISSECTION TESTICULAR SPERM
EXTRACTION (MICRO TESE):
DOES IT IMPROVE LOCALIZATION OF SPERM?

(COMPARED TO CONVENTIONAL TESE)

SHERMAN SILBER, M.D.
ST LUKES HOSPITAL
ST LOUIS, MISSOURI

NO CONFLICT OF INTEREST
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LEARNING OBJECTIVES

UNDERSTAND THE CAUSES OF AZOOSPERMIA.

UNDERSTAND SPERM RETRIEVAL TECHNIQUES FOR OBSTRUCTIVE VS.
NON-OBSTRUCTIVE AZOOSPERMIA.

BE ABLE TO SELECT THE MOST EFFECTIVE AND SAFE SPERM
RETRIEVAL TECHNIQUES.

UNDERSTAND THE DIFFERENCES IN IVF SUCCESS WITH EPIDIDYMAL VS
TESTIS SPERM.

UNDERSTAND TESTIS ANATOMY AND SPERMATOGENIC STEM CELL
=][e]Helc) &

UNDERSTAND FERTILITY PRESERVATION FOR PREPUBERTAL BOYS.

UNDERSTAND IPS CELLS AND CREATION OF SPERMATOZOA FROM
SKIN CELLS.
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Mathematical Model for Decrease
in Male Fertility in Subsequent
Generations

P..,= [(1-p;) x0.01 + p; x 0]
[(1-p;) + p; x 0]

WHAT WILL HAPPEN IF AZOOSPERMIC MEN
NOW CAN ALL HAVE OFFSPRING WITH THE SAME
PROBLEM, AND ALL UNDERGO SUCCESSFUL ICSI?

Transmission of Severe Male Infertility to
Future Generations via ICSI

1% Initially Infertile and Treating 100%

proportion infertile

0 100 200 300 400 500 600 700

generation number
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OBSTRUCTIVE AZOOSPERMIA

SPERM RETRIEVAL AND IVF: Silber, 1986
SPERM RETRIEVAL AND ICSI: Silber, 1992
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Comparison of MESA with ICSI to
Conventional MESA with IVF in a
Similar Patient Population

Pregnancy
Mature Fertilization Rate
Cycles Eggs 2PN Rate Transfers (Delivered)

IVF-MESA
67 1,427 98 7% 13167 (19%)  3/67 (4.5%)

ICSI-MESA**
KX] 431 201 47% 31/33 (94%) 12/33 (36.3%)

Silber et al, Fertility and Sterility 1994

Obstructive azoospermia:
effect of age of wife

Age of No. of No.of No.of2PN  No. delivered Implantation

Wife  cycles eggs at oocytes pregnancies rate % (per

(years) (% of total) MIl (% of MII per cycle embryo)
eggs) (% per cycle)

) 50 (27%) 735 392 (53%) 22 (44%)
30-36 87 (47%) 1111 610 (55%) 30 (34%)
37-39 24 (13%) 207 113 (55%) 3 (12%)
40+ 25(13%) 281 147 (52%) 1 (4%)

Totals 186 (100%) 2334 1262 (54%) 56 (30%)

Silber et al. Human Reproduction, 1997
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TESE (Testicular Sperm Extraction)

Micro TESE
Vs
Conventional TESE
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Silbe‘r|(1977): Non-Obstrugfive Azzospermia (NOA)
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Graph depicting quantitative testicle biopsy and
sperm count
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Total sperm count x10%

Human Reproduction (1997) Vol. 12 No. 11
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TESE-ICSI
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Micro-TESE FOR NOA :
Many Techniques for TESE

Needle aspiration.

Conventional testis biopsy.

Multiple conventional biospies.
Anatomic lobule micro-TESE: Silber
Mapping: Tureck

Micro-dissection: Schlegel

MUCH DEBATE AND CONFUSION
ON WHAT IS THE BEST APPROACH

What Does Micro TESE Even Mean?

* Testis biopsy with a microscope.

+ Type of Incision? Needle Aspiration?
+ “Micro dissection”.

« Sampling of All Anatomic Lobules.

+ Spermatogonial Stem Cells.

* Tunica Albuginea Closure and Hemostasis.
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Degrees of Azoospermia

Non-Obstructive Azoospermia Normal Spermatogenesis Non-Obstructive Azoospermia
(One in 20 tubules have sperm) (All tubules have sperm) (One in 100 tubules have sperm)

Confounding Categories:

These are not NOA, and will skew your results more favorably,
as they did NOT need TESE

“hypospermatogenesis”
“azoospermia”
“spermatid arrest”

“crypt-azoospermia”
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THE SECRET TO SUCCESS IS THOROUGH SEARCJ-I =

DEVELOPED MY MYSELF AND
PAUL DEVROEY 1993:

+ All the data and directions for doing TESE
successfully are in the literature from 23 years
ago (Silber and Devroey).

But a competitive and confusing literature has
followed from countless “me-too” urologists and
gynecologists who each wanted to grab credit for
a “better” method, not citing my original papers.

In this lecture, | will go through the voluminious
literature on TESE success claims, and in the end
give a clearer picture of the best approach.
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Human Reproduction vol.9 no.9 pp.1705- 1709, 1994

Conventional in-vitro fertilization versus intracytoplasmic
sperm injection for patients requiring microsurgical
sperm aspiration

Sherman J.Silber'?, Zsolt P.Nagy*, Jiaen Liu?,
Hugo Godoy?, Paul Devroey* and

André C.Van Steirteghem’

'St Luke’s Hospital, 224 South Woods Mill Road, Saint Louis,
MO 63017, USA and *Centre for Reproduction Medicine,

Academisch Ziekenhuis, Vrije Universiteit Brussel,
Laarbecklaan 101, B-1090 Brussels, Belgium

To whom correspondence should be addressed

Human Reproduction (1994) Vol. 9 No. 9

Human Reproduction vol.10 no. 1 pp.|48-152, 1995

High fertilization and pregnancy rate after
intracytoplasmic sperm injection with spermatozoa
obtained from testicle biopsy

S.J.Silber', A.C.Van Steirteghem, J.Liu, Z.Nagy,
H.Tournaye and P.Devroey

'St. Luke's Hospital, 224 South Woods Mill Road, St. Louis,
MO 63017 USA; and Centre for Reproductive Medicine,
University Hospital, Dutch-Speaking Brussels Free University
(Vrije Universiteit Brussel), Laarbeeklaan 101, 1090 Brusscls,
Belgium

"To whom correspondence should be addressed

Human Reproduction (1995) Vol. 10 No. 1
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Human Reproduction vol. [0 no.8 pp.2031-2043, 1995

The use of epididymal and testicular spermatozoa for
intracytoplasmic sperm injection: the genetic
implications for male infertility

Sherman J.Silber'?, Zsolt Nagy, Jian Liu,
Herman Tournaye, Willy Lissens®, C.Ferec?,
Ingeborg Liebaers’, Paul Devroey and
André C.Van Steirteghem

151 Luke's Hospital, 224 South Woads Mill Road (Chesterfield),

St Louis, MO 63017, USA, Centre for Reproductive Medicine and
Centre for Medical Genetics, University Hospital and Medical
School. Dutch-speaking Brussels Free University, Brussels,
Belgium and “Centre de Biogenetique C.D.T.S., BP 454, 29275
Brest Cedex, France

*To whom correspondence should be addressed

Human Reproduction (1995) Vol. 10 No. 8

FERTILITY AND STERILITY® Vol. 66, No. 1, July 1996
Copyright © 1998 American Society for Reproductive Medicing Printed on acd-free paper in U 8 A,

Normal pregnancies resulting from testicular sperm extraction and
intracytoplasmic sperm injection for azoospermia due to
maturation arrest

Sherman J. Silber, M.D_* Jiaen Liu, M.D.§
Andre Van Steirteghem, M.D.,, Ph.D.f  Herman Tournaye, M.D.,, Ph.D.}
Zsolt Nagy, M.D.{ Paul Devroey, M.D., Ph.D.§

St. Luke's Hospital, St. Louis, Missouri, and Centre for Reproductive Medicine, Academisch Ziekenhuis,
Vrije Universiteit Brussel, Brussels, Belgium

Fertility and Sterility (1996) Vol. 66 No. 1
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Human Reproduction vol 12 no 11 pp 242224281997

Distribution of spermatogenesis in the testicles of
azoospermic men: the presence or absence of spermatids
in the testes of men with germinal failure

Sherman J.Silber!?, Zsolt Nagy?, Paul Devroey?,
Herman Tournaye” and Andre C.Van Steirteghem®
!Director, Infertility Center of St Louis, St Luke's Hospital,

224 South Woods Mill Road, St Lowis, Missouri 63017, USA and
Centre for Reproductive Medicine, Academisch Ziekenhuis,
Vrje Universiteit Brussel, Brussels, Belginm

3To whom correspondence should be addressed

Human Reproduction (1997) Vol. 12 No. 11

Non-obstructive azoospermia (Sertoli cell only,
maturation arrest, post-chemotherapy, and
cryptorchidism)

Age of wife No. cycles |No. cycles with sperm
(years) found (% of cycles)

<30 19 14(74)
30-36 29 16(55)
37-39 9 4(44)
40+ 6 5(83)
Totals 63 39(62)

Silber et al Human Reproduction 1997
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Long History of TESE-ICSI: Tournaye

“The first patient series on this approach were published
more than 20 years ago.”

(I still have the napkin from the operating room on which
we coined the term “TESE” after doing the first case.)

Sperm retrieval rates often boasted about are subject to
the (pre)selection of patients: biased either by including
patients showing “hypospermatogenesis” or crypt-
azoospermia.

e.g. 10 % of NOA cases will have sperm in the ejaculate
the morning of the TESE procedure.
Human Reproduction (2011) Vol. 26 No. 12

Results for TESE-ICSI?

Retrieval rates after testicular surgery reported in the
literature differ considerably

Retrieval rates reported in the literature for NOA men
may vary from about 30% to even more than 80%.

Larger case studies in well-defined NOA populations
report sperm recovery rates after a first TESE attempt
around 50%

Tournaye
Human Reproduction (2011) Vol. 26 No. 12
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How successful is TESE-ICSI in couples with
non-obstructive azoospermia?

NOA TESE By DX

All Patients Positive Sperm Retrieval

Total 289 (40.5%)

MA 80 (45.7)

SCo 178 (38.4)

Sclerosis and/or atrophy 31 (41.3%)

Vloeberghs et al (2015) Human Reproduction

Conventional TESE and NOA:
Results from a non-academic
community hospital

» Sixty-three NOA patients were referred for
Conventional TESE.

* In 47.6%, sperm were found.

Sacca et al. Andrology (2016):
Bergamo, Italy

Page 218 of 276



Microdissection TESE after
Conventional Testicular Biopsy in NOA

* To analyze 86 TESE procedures for ICSI in NOA patients
who had a previous conventional TESE

Testicular motile spermatozoa were successfully
retrieved in 39 out of 47 men who had spermatozoa
found in the previous biopsy

In 6 out of 39 men with no sperm in the previous biopsy

Karacan et al., Istanbul, Turkey
European Journal of Obstetrics & Gynecology and Reproductive Biology (2014) Vol. 183 No. 1

Fertility with Conventional TESE in NOA

Diagnosis Sperm Found

M.A. 8(57%)

Hypo-Spermato Genesis 3(30%)

SCO 3(60%)

TOTAL 14(48%)

Kahraman et al, Ankara, Turkey
Human Reproduction (1996) Vol. 11 No. 4
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Microdissection TESE

Histologic Category Sperm Retrieval Rate with TESE (%)

Hypospermatogenesis 79% (31/39)

Maturation Arrest (n =19) 47% (9/19)

Sertoli Cell-only (n =21) 24% (5/21)

TOTAL 57%

But exclude hypospermatogenesis: then only 35% had sperm!

Cornell Website, 2016

A novel stepwise micro-TESE approach in non obstructive
azoospermia

First, a single TESE sample was taken from one testicle and, after
this, a micro-TESE was performed extending the same testicular
incision

Contralateral conventional multiple biopsies in case of negative
sperm retrieval on the first testis

Compare the efficiency of micro-TESE with conventional TESE

Franco et al BMC Urology (2016)
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Micro-TESE:
A Novel Stepwise Approach

Histology Positive Sperm Retrieval

MA (15 cases) 10/15 (67%)

SCO (37 cases) 7/37 (18.9%)

Sclerosis (12 cases) 1/12 (0.8%)

TOTAL 18/64 (28%)

Rome, Italy
Franco et al. 2016

Sperm Retrieval Rate With Biopsy VS
micro-TESE: Francoetal 2016

In patients with poor prognosis NOA, micro-TESE did not
improve chance for finding sperm.

In all patients with successful sperm retrieval, the initial
less invasive conventional biopsy was enough.

The same result was obtained in the initial conventional
TESE as in the subsequent micro-TESE.

Previous TESE No previous TESE | Chi square

Positive sperm retrieval | 6/23 (26%) 12/41 (29%) P=0.552
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Re-evaluation of Microdissection Testicular Sperm Extraction

In well-designed studies with well-defined men with NOA, the
reported successful SRRs after a first TESE attempt 1s about 50%

All seminiferous tubules (ST) must be inspected to recognize small
foci of normal spermatogenesis

The space between the tubules and the tunica is very vascular, thus
hemorrhage that would be very difficult to control can happen if
dissection is made in t his plane.

Postoperative hemorrhage and hematoma formation after micro-
TESE can result in scar formation within the testis.

Safarinejad et al. 2015

Re: evaluation of Microdissection Testicular Sperm
Extraction Results in Patients with Non-Obstructive
Azoospermia: Independent Predictive Factors and Best
Cutoff Values for Sperm Retrieval

* To avoid separation of STs from their blood supply and thus
devascularization of the STs,

* Postoperative hemorrhage and hematoma formation after micro-
TESE can result in scar formation within the testis.

Safarinejad et al. 2015
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Percentage of positive Testicular Sperm Extraction (RESE) according to
the histologic classification

g =
g 5

Percentage of +TESE
=
3

TOTAL: 54.5% Cetinkaya et al 2015

Predictive Factors of Successful MD-TESE

Diagnosis # Cases Sperm Found Pregnancy

SCO 148 35 20(57.1%)

Modarresi et al 2013.
International J Fertil Steril
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Initial Micro-Dissection
Kalsi et al 2011

Successful

N (%) 50 (50 %)

Histology (%)

SCO

MA

Hypospermatogenesis

Re: Salvage Micro-Dissection Testicular Sperm Extraction; Outcome in Men
with Non-Obstructive Azoospermia with Previous Failed Sperm Retrievals

J. S. Kalsi, P. Shah, Y. Thum, A. Muneer, D. J. Ralph and S. Minhas

Frimiey Health Foundation Trust, Berkshine and Imperal College, University College London Hospitals and Lister Fertifity Clinic, London,
United Kingdorr:

BJU Int 2015; 116 460—465. doi 10711 1/bju. 12932
Abstract available at http:/www.ncbi.nlm.nih.gov/pubmed/25220441

Editorial Comment: Of those men who had azoospermia due to spermatogenic dysfunction, and in
whom no sperm was retrieved from biopsy style excisional retrievals or aspirations, approximately
half had sperm successfully retrieved from a subsequent microdissection procedure. You may be
wondering, why not perform the microdissection technique from the start? Exactly. It is time to
sunset all approaches other than microdissection for retrieval of sperm in cases of azoospermia due to
spermatogenic dysfunction.

Craig Niederberger, MD
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THIS ONE IS REALLY SILLY!

Sperm retrieval outcomes with
microdissection testicular sperm
extraction (micro-TESE) in men with
cryptozoospermia

K. Alrabeeah, A. Wachter, *. Phillips, “B. Cohen, 'N. Al-Hathal and

A, Zini

"Departmient of Sungery, MeGal Linversity and 30VD Farility Clinie, Montreal, QC, Canada

Alrabeeah et al Andrology (2015)

Microdissection (micro-TESE) with Cryptozoospermia:
THIS IS REALLY SILLY!

24 consecutive micro-TESEs in men with
cryptozoospermia

Sperm recovery was successful in 96% (23/24) of the
men who underwent micro-TESE and 43% (3/7) of the
men who underwent TESA.

+ The ICSI pregnancy rates (per embryo transfer) in the
micro-TESE and TESA groups were comparable [33%
(6/18) and 50% (1/2), respectively]

Slrabeeah et al Andrology (2014)
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Outcome of microdissection TESE
compared with conventional TESE in
non-obstructive azoospermia: a
systematic review

Y. Deruyver, D. Vanderschueren and 'F. Van der Aa

'Departments of Urology, and “Endocrinology, UZ Leuven, Leuven, Belgium

Andrology (2013) Deruyver et al.

Microdissection TESE compared with Conventional:
“a systematic review”

* 62 articles.

* Overall sperm retrieval ranged from 16.7% to 45% in the
conventional TESE vs. 42.9 to 63% in the microTESE

group

MicroTESE in men with Sertoli cell only syndrome and
hypospermatogenesis carried a small but significantly
more favorable outcome

Deruyver et al. 2014 Andrology
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Sperm Recovery and IVF after (TESE):
Mixes OA with NOA.

* One hundred and thirty men undergoing testicular
sperm extraction and 76 couples undergoing 123 in
vitro fertilization cycles with testicular sperm for
azoospermia.

Testicular sperm recovery from azoospermic males

with all diagnoses was high (70 to 100%) except non-
obstructive azoospermia (31%).

Omurtag et al. PLOS ONE (2013)

A Novel Stepwise micro-TESE Approach in NOA

* In the literature, there are many reports indicating micro-
TESE performed after previous failed conventional TESE

The reported rates of successful sperm retrieval with
micro-TESE varies between 47 and 66%.

However in our view, it is reasonable to believe that
many of these successful micro-TESE cases might have
benefited from a less invasive approach of sperm
retrieval

Franco et al BMC Urology (2016)
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A novel stepwise micro-TESE approach in non obstructive
azoospermia

* Our study indicated that:

* 1.) in patients with poor prognosis NOA, micro-TESE
did not improve the chance of retrieving sperm.

+ 2.) In all patients with successful sperm retrieval, the
initial, less invasive single conventional biopsy
would have been enough to obtain sperm.

* 3.) However, micro-TESE was optimally tolerated by
patients, and left minimal if no scars.

Franco et al BMC Urology (2016)

St Louis NOA Patients-Etiology

DIAGNOSIS Percent
MA 65/212 30%
100/212 47%
SCO/MA 9/212 4%
Klinefelters 15/212 7%
Male Turners 1/212 1%
Cryptorchidism 4/212 2%
Post Chemo 18/212 9%

Silber (2016)

Page 228 of 276



% Sperm Found Via TESE For NOA (St Louis)

Number of Cases Sperm Found

Percent

MA

42

44%

45

32%

SCO/MA

3

27%

Klinefelters

11

48%

Male Turners

3

100%

Cryptorchidism

10

83%

6

28%

207/444

47%

Silber (2016)
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Extensive Micro-TESE or MESA:
always under local anesthesia

Page 230 of 276



The Patient Gets Up And Walks Away
Comfortably After Surgery
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TESE “Micro-dissection” Patient

37 year old physician with 33 year old wife.
Pre-operative testosterone normal: 371.
15 months ago underwent bilateral “microdissection” TESE

No sperm found and has noted increasing fatigue, and
muscle weakness since surgery.

Testosterone now is 84, with LH of 50.5 and FSH of 75.3.

Essentially he was castrated by this procedure.

,,;::;//:’f,
'RESULT OF PREVIOUS “MIGH
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Incomplete Maturation-Arrest
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RESULT OF PREVIOUS “MICRODISSECTION

RESULT OF PREVIOUS “MICRODISSECTION
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Spermatogenesis

Spermatogenesis
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No Adhesions 6 Months Post-Op
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Fibrous Tunica Albuginea of Testis:
Same Embryologic Structure as
Ovarian Cortex

TESE Closure of Tunica Albugionea
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Ovarian Cortex Is Tunica Albuginea of Testis

Ovarian Cortical Transplant

No Predictive Test Parameters
for Finding of Sperm

« In normal testis there are 100’ s of
millions of sperm.

* In NOA we are looking for just 10-20
sperm.

« A million fold decline in sperm will still
permit successful TESE.

Silber et al (Distribution of Spermatogenesis) Human Reprod 1997
Silber et al (Maturation Arrest) Fertil Steril 1996
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ASRM MEFS AZOOSPERMIA
Oocyte Clip 2

: Thawing
Remove the straw.cap

ASRM MEFS AZOOSPERMIA
Oocyte Clip 3

- Thawing
ImmerselCryotop sheet
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ASRM MEFS AZOOSPERMIA
Klinefelters Patient
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HEALTHY TWINS
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HEALTHY TWINS DELIVERED
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ICSI Cycle
I  Results with
Varying-Degrees -
of Male Factor
Infertility




ICSI Live Birth Rates for Obstructive
Azoospermia (Testis Vs. Epididymis)

MESA OA TESE OA
Fresh & Frozen Fresh & Frozen

s | v

ICSI Live Birth Rates for Non-Obstructive
Azoospermia (Testis Vs. Epididymis)

MESA OA TESE OA TESE NOA
Fresh & F Gliel = Fresh & Frozen
res rozen Frozen
36-40 27/109 5/33 20/70 52/212
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ICSI Live Birth Rates for NOA and OA With
Testis Sperm

- = e
Fresh Fresh
e | |
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FUTURE OF TESE: Stem Cells

* Retrieve testis tissue prepubertal
male cancer patients.

* Culture spermatogonial stem cells in
multiple passages to eliminate
cancer cells.

* Transfer pure stem cells back to
testis.

FUTURE OF TESE: Stem Cells

* For severe oligospermic males, retrieve testis
tissue and culture spermatogonial stem cells to
exponentially increase number.

 Then transfer back to testis via rete testis to
increase sperm count.
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SPERM AND EGGS FROM SKIN CELLS

No Need For TESE with NOA

Derivation of artificial gametes from iPS cells in mouse
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Primordial Germ Cells

the origin of all germ cell lineage

Prdm1-mVeius expressing pluripotent genes

bt

Undergoing genome-wide reprogramming
(massive DNA demethylation and
conversion of histone modifications)

. € = When transferred into testis or ovary, PGCs
- give rise to functional sperm or oocytes.
ji et al (2008) Nat.Genet.

PGC specification followed by epigenetic reprogramming in mice
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Reconstitution of PGC specification in vitro

in vivo

ESCs
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