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Time-lapse imaging systems

EmbryoScope®
Incubator + microscope, 20X
Users annotations and algorithms

EEVA: in incubator,
mathematical algorithms,
no annotations, dark field, 10x

(| g ‘
Primovision: in incubator, 4
LED light, 10x

ESCO: incubator + microscope gt

ASTEC: in incubator, red light, 10x



Implementing EmbryoScope® at CRM, Weill Cornell

November 2011: 1t E instrument (20% O, )
2012 two E instruments (5% and 20% O, )

2013: 6 E instruments (all 5% O,
* March 2013 EmbryoScope® incubation for all IVF patients

2014: 8 E instruments
2015: 11 E instruments (server incorporated)

Over 4,500 cycles in E

Babies born march 2015: 1,053

« 801 IVF
- 128 DER
 124FET >500 ongoing preg. in 2014/15 pending deliveries



Human Embryo Development
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Optimal embryo development: Time-lapse



Selection of human embryos for ET using Time-lapse (Cornell)
Two - step process

1. Embryo de-selection
 Selection of embryos with abnormal karyokinesis,

cytokinesis or other abnormalities for exclusion



Selection of human embryos for ET using Time-lapse (Cornell)
Two - step process

1. Embryo de-selection
Selection of embryos with abnormal karyokinesis,

cytokinesis or other abnormalities for exclusion

2. Embryo selection

I”

Selection of embryo(s) with “optimal” morphokinetcs



Embryo De-Selection



Abnormalities of human embryo development identified by Time -lapse:
Embryo de-selection

* DUCS: Direct Unequal Cleavages

* Cell Fusion

* NUK: Nuclear division without cytoplasmic division
* | cell MNU (Multinucleated 1-cell)

* Premature compaction

 Compaction of few cells, partial blastocyst

* Cell extrusion

» Blastocyst collapse



Direct Unequal Cleavages (DUCS)

DUC1
1-3

DUC 2
2-5

DUC 3
4-9



DUCS: frequency and outcome
5,597/21,368 (26.2%) embryos
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DUCS: Chromosomal Analysis

310 PGS cycles; 202/1,462 DUCS (13.8%) biopsied embryos (b3 or Ds bx)
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Chances of DUCS embryos to be euploid BL (PGS data)

¢ w & &

DUC-1 (1-3) DUC-2 (2-4) DUC-3 (4-6) Non-DUC
Good embryos D3 27% 58% 82% 56%
BL D5/6 8.2% 19% 40% 61%
Euploid BL 25% 28% 40% 38%
Euploid % 1-3% 5% 16% 24%




Embryo selection using Time-Lapse kinetic parameters



“Optimal” Embryo Kinetic?

t6 t8
t0 t2 t3 t4 t5 t7 t9 tM tSB tB tEB
ICSI or PNf
I I | | | ||| I | | I I
I I [ HER | | | | |
Hours  22-28  35-40 35-40 45-52 45-63 58-80 80-95

Individual cleavage time points

Insufficient for embryo selection



“Optimal” Embryo Kinetic?

t6 t8
t0 t2 t3t4 t5 t7 19 tM tSB tB tEB
ICSI or PNf
I I || L] I [ I I
[ | 1 111 | | | | |
t3-t2 514 gt5
cCc2/P2 - t3-t
S
| |
t4-t3
t8-t5/t4-t
S2/P3 8-t5/ 3
\ t5-t3 | t3-t2/t5-t2 or other combinations
|
\ t5-t2
Hours 10-12 0-1.5
I [ | [ ] I I I I I
| 1 [ 111 | | | | |
Hours 22-28 35-40 35-40 45-52 45-63 58-80 80-95

Individual time points + Synchronized cleavages

Enhanced embryo selection



Embryo Selection

Cleavages 1st an 3rd 4th
t6 t8
t0 t2 t3t4 t5 t7 19 tM tSB tB tEB

ICSI or PNf

Time interval between cleavages

t6 t8
t0 t2 t3t4 t5 t7 t9-16 tM tSB tB tEB
ICSI or PNF

Cleavage stage durations

Embryo morphology: fragmentation, cell symmetry .....

Can blastocyst development be predicted by embryo kinetic by day 3?
Can embryo kinetic by day 3 predict embryo viability/implantation?
Can we develop universal embryo selection model(s) based on embryo kinetic?



EmbryoScope® vs. standard incubator
Retrospective analysis

2011 (S) vs. 2012-2013 (S) vs. 2012-2013 (E)
Based on the live births

Excluded: PGS, cryo U/F, CC, split cycles

In Press



IVF cycles 2011 (S) 2012-2013 (S) 2012-2013 (E)
Number of patients 1231 1199 1318
Number of ET cycles 1459 1421 1505

Number of oocytes

15888 (avg. 12.9)

12961 (avg. 10.8)

17263 (avg. 13.1)

(avg./cycles)

Number of MIl (Avg.)

12965 (Avg. 10.5)

10465 (Avg. 8.7)

14308 (Avg. 10.9)

Number of 2PN (Avg.)

9646 (Avg. 7.8)

7401 (Avg. 6.2)

10918 (Avg. 8.3)

Number of embryos ET (Avg.)

3907 (Avg. 2.7)

3664 (Avg. 2.6)

3846 (Avg. 2.6)

Number of D3-ET 1321 1324 1214
Number of D5-ET (%) 136 (9.3%) 91 (6.4%) 290 (19.3%)
(few D2, D4 or D6 ET)

Number of SET (D5)(%) 20 (14.7%) 22 (24.2%) 70 (24.1%)
Number of cycles with BL cryo (%/cycle) 401 (27.5%) 310 (21.2%) 633 (42.1%)

Number of BL frozen (avg./cryo cycle)

1011 (Avg. 2.5)

718 (Avg. 2.3)

2113 (Avg. 3.3)




Overall clinical outcome data for CP (sac seen), OP (per LB), IMPL (LB per ET) and
LB cycles (per ET) between 2011 S, 2012-13 S and 2012-13 E cycles.
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Ongoing pregnancies per ET (LB/ET) by maternal age
in$2011,S52012-13 and E 2012-13 groups.

%

60

50

40

30

20

10

193/418*

262/483* **

<35

142/290* **

119/321*

36-37

S$2011

115/336

109/320

©5$2012-2013

“'E2012-2013

54/231

38/220

38-40

* E2012-2013 vs. S 2011 P=0.01

41-42

15/181

11/164

>42

** £2012-2013 vs. S 2012-2013 P=0.01, X?




Implantation rate (hnumber of LB/ embryos ET) by maternal age
inS 2011, S 2012-13 and E 2012-13 groups

%

45

40

35

30

25

20

15

10

343/910* **
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Ongoing pregnancies per ET (LB) in ICSI cycles by maternal age:
$2012-13 vs. E 2012-13 groups

% 60 194/361
$2012-2013 E 2012-2013
90/189*
50 111/243
40 403/1097*
66/195" 72/228
75/244
30 299/1093*
35/169
20 32/216
10 15/195 12/150
0
<35 36-37 38-40 41-42 >42 total
X2:, * p<0.01
Implantation rate (LB/embryos ET) in ICSI cycles by maternal age:
$2012-13 vs. E 2012-13 groups
% 40 252/689*
35 $2012-2013 E 2012-2013
30 135/485* 122/455*
25
20 77/435* S15/28112
90/631
15 83/666 351/2845*
10 38/638 37/547
5 18/621  14/489
0
<35 36-37 38-40 41-42 >42 total

X2, * p<0.01




Ongoing pregnancies per ET (LB) in inseminated cycles by maternal age:
$2012-13 vs. E 2012-13 groups
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Implantation rate (LB/embryos ET) in inseminated cycles by maternal age:
$2012-13 vs. E 2012-13 groups

%

45
40
35
30
25
20
15
10

91/221

61/160 S 2012-2013 E 2012-2013

68/229

40/183 234/1035*

49/254
147/819*
32/216

23/219
13/158

3/112
1/102

<35 36-37 38-40 41-42 >42 total

X2, * p=0.02




Ongoing pregnancies per ET (LB) in day 3 ET cycles by maternal age:
$2012-13 vs. E 2012-13 groups

% 60
157/311 $2012-2013 E 2012-2013
50 110/237*
127/284
40 89/245* 417/1214*
89/276
98/308 .
30 374/1324
46/213
20 44/262
15/177
10 16/225
0
<35 36-37 38-40 41-42 >42 total
* p<0.05
Implantation rate (LB/embryos ET) in day 3 ET cycles by maternal age:
$2012-13 vs. E 2012-13 groups
% 35 201/633
$2012-2013 E 2012-2013
30 161/574
153/590*
25
20 105/567*
536/3347*
114/803
15 106/850 440/3493*
10 51/733
49/785
5 19/717 171588
0
<35 36-37 38-40 41-42 >42 total

* p<0.01




Percent of day 5 ET in correlation with maternal age
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16/325

38-40

S 2011 $2012-2013

18/231

6/220

4/268

41-42

5/164
4/181

2/227

>42

E 2012-2013
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Miscarriage cycle rate by maternal age
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All NS between groups
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%

SET vs. TET (January to July 2014); fresh vs. frozen; IVF and DER

DER: 50% D5-ET
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Implantation rate in PGS-FET (n=176) vs. FET (n=902) cycles
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PGS: day5/6 bx; 24 chr screening
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Day 4

IcsI 2" pB 2PN Syngamy
2 cell 3 cell 4 cell 5 cell
8 cell 9 cell 16 cell Morula
Day 4
St. Cav Mor BL-1 BL-2 BL-3
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Time-line of human embryo development in vitro

(from Veeck and Zaninovic, An atlas of human blastocyst, 2003)




Conventional annotation vs. time-lapse

Cell stages at fixed time

D1 D1 D2 D3 D4 D5
9AM 3PM 10AM 9AM 9AM 9AM
Conventional | | | | | | -
| | | | | | -
3D 18-19 hr 24-26 hr 43-45 hr 66-68 hr 90-92 hr 114-116 hr
2PN
Cell stages when occur, exact timing
D1 T2 T3 T4 T5 T6 T7 T8 Comp. Cav. Blast.
9AM
e e e e B
Kinetics ‘ ‘
18-19 hr 24-27 36-41 ? ? ? ? ? ?
4D

2PN 35-40 48-56




EmbryoScope® vs. standard incubator

Cornell validation



Study design

S (standard)
~ .
5.8 % CO, 5.8 % CO, 5.8 % CO,
5.0% 0, 20.0% O, 20.0% O,
372C 372C 372C
l 3E vs. E (Study 2) J l E vs. S (Study 1) J
‘ 3E vs. S (study 3) J

‘ 3Evs.Evs. S I

Culture medium: In house sequential medium; pH: 7.35-7.45, in incub. 7.2-7.3; Osm: 260-265 mOsm



Study 1. EmbryoScope (20% O,) vs. S (20% O,) on sibling oocytes; n=77 patients

No. 2PN

Day2 cell number (Avg. + SD)
Day 2 fragmentation (Avg. + SD)
Day 3 cell number (Avg. + SD)
Day 3 fragmentation (Avg. + SD)
> 4-cells day 2 (48 hours)

> 8-cells day 3 (66 hours)

No. embryos ET (%) n=163*
D3-ET

D5-ET

No. embryos frozen (D5/6) (%) n=186*

Embryos used (ET + frozen)*

* 74 pt. with ET, 3 pt. all cryo (not included)

Paitred t-test for avg.
X2 for proportions

E

491

3.5+1.1
8.7+11.9
6.6+2.0

10.7 +13.6
307/491 (62.5%)
206/491 (42.0%)
93/163 (57.1%)
67/93 (72.0%)
26/93 (28.0%)
104/186 (56.0%)

197/491 (40.1%)

S

466

34+1.1
89+11.1
6.3+2.2
109+12.1
271/466 (58.2%)
166/466 (35.6%)
70/163 (42.9%)
60/70 (85.7%)
10/70 (14.3%)
82/186 (44.0%)

152/466 (32.6%)

NS

NS

0.047

NS

NS

0.052

<0.05

<0.05

<0.05



Study 2. EmbryoScope (5% O,, 3E) vs. EmbryoScope (20% O,, E) on sibling oocytes; n=28 patients

No. 2PN

Day2 cell number (Avg. + SD)
Day 2 fragmentation (Avg. + SD)
Day 3 cell number (Avg. + SD)
Day 3 fragmentation (Avg. + SD)
> 4-cells day 2 (48 hours)*

> 8-cells day 3 (66 hours)*

No. embryos ET (%) n=78

D3-ET

D5-ET

No. embryos frozen (D5/6) (%) n=60

Embryos used (ET + frozen)

DUCS

* DUCS excluded

Paitred t-test for avg.
X2 for proportions

3E
154

3.4+1.1
8.9+12.2
6.8+ 2.4
9.2+135
75/154 (48.7%)
65/154 (42.2%)
44/78 (56.4%)
34/44 (77.3%)
10/44 (22.7%)
37/60 (61.7%)
78/154 (50.6%)

28/154 (18.2%)

E

142

34+11

6.7 +9.6
6.4+2.1

7.4 +11.7
65/142 (45.8%)
54/142 (38.1%)
34/78 (43.6%)
30/34 (88.2%)
4/34 (11.8%)
23/60 (38.3%)
57/142 (40.1%)

23/142 (16.2%)

>

NS

0.07

0.034

NS

NS

NS

<0.05

<0.05

<0.05

NS
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Each dot represent the mean
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T2 13 T4 T5 Té 17 T8
time Incub N Minimum Maximum Mean Std Dev Lower Quartile Median Upper Quartile p-value
(from Wilcoxon to
test Median)
2 3E 115 22.14 80.82 32.06 9.52 26.49 28.65 33.86 0.2389
E 297 22.93 72.92 30.07 6.36 26.57 28.41 31.30
3 3E 115 28.79 89.76 41.02 8.89 36.29 39.15 43.86 0.1157
E 296 25.53 78.88 41.26 6.75 37.51 40.01 43.37
4 3E 111 29.36 81.90 42.70 7.61 37.50 41.28 45.41 0.3022
E 291 31.25 109.29 43.59 8.09 38.85 41.20 46.17
5 3E 108 31.68 75.40 52.49 6.82 48.25 51.39 55.88 0.0002
E 281 33.78 114.63 55.84 9.47 50.42 54.79 61.63
6 3E 105 39.61 84.16 55.43 7.54 50.42 54.44 58.93 <.0001
E 264 37.38 91.30 59.69 8.39 53.90 59.49 64.44
7 3E 96 41.36 77.54 57.54 7.01 52.28 56.65 61.74 <.0001
E 241 37.38 94.12 62.65 8.91 56.29 61.77 66.16
8 3E 93 49.93 87.47 60.87 8.37 54.55 59.12 64.76 <.0001
E 207 47.03 91.07 64.54 8.58 59.40 63.57 68.06




Study 3. EmbryoScope (5% O,, 3E) vs. S (20% O,) on sibling oocytes; n=35 patients

No. 2PN

Day2 cell number (Avg. + SD)
Day 2 fragmentation (Avg. + SD)
Day 3 cell number (Avg. + SD)
Day 3 fragmentation (Avg. + SD)
> 4-cells day 2 (48 hours)

> 8-cells day 3 (66 hours)

No. embryos ET (%) n=94

D3-ET

D5-ET

No. embryos frozen (D5/6) (%) n=95

Embryos used (ET + frozen)

Paitred t-test for avg.
X2 for proportions

3E

242

36+1.1
10.2+11.8
7.0+23

10.1 +13.2
165/242 (68.2%)
137/242 (56.6%)
64/94 (68.0%)
47/64 (73.4%)
17/64 (26.6%)

55/95 (57.9%)

119/242 (49.2%)

S

208

3.5+ 1.2
9.8+12.8
6.3+2.2
11.1+13.9
130/208 (62.5%)
83/208 (40.0%)
30/94 (31.9%)
21/30 (70.0%)
9/30 (30.0%)
40/95 (42.1%)

70/208 (33.7%)

NS

NS

0.0004

NS

0.0006

<0.05

<0.05

<0.05



ICSI day 0 (DO) vs. ICSI day 1 (D1) on sibling oocytes; n=77 patients

No. 2PN

Day2 cell number (Avg. + SD)
Day 2 fragmentation (Avg. + SD)
Day 3 cell number (Avg. + SD)
Day 3 fragmentation (Avg. + SD)
> 4-cells day 2 (48 hours)*

> 8-cells day 3 (66 hours)*

No. embryos ET (%) n=161
D3-ET

D5-ET

No. embryos frozen (D5/6) (%) n=162
Embryos used (ET + frozen)
DUCS

* DUCS excluded

Paitred t-test for avg.
X2 for proportions

DO

330

3.9+1.1
7.8+9.8
75+2.1
8.1+11.3
200/330 (60.6%)
171/330 (51.8%)
100/161 (62.1%)
70/100 (70%)
30/100 (30%)
101/162 (62.3%)

201/330 (60.1%)

74/330 (22.4%)

D1

281

3.7+1.2
7.3+9.4
7.0+2.2
9.5+14.3
145/281 (51.6)
108/281 (38.4%)
61/161 (37.9%)
41/61 (67.2%)
20/61 (32.8%)
61/162 (37.7%)

122/281 (43.4%)

72/281 (25.6%)

0.044

NS

0.013

NS

0.031

<0.05

<0.05

<0.05

<0.05

NS



ICSI DO vs. D1: 77 pt. t-times
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ICSI 2PN Fertilization rate: 898 emb. in E (2013) vs. 900 emb. in S (2012) cycles
Retrospective analysis, avg. MII=NS
%

80 78.3

overall <35 35-37 38-40 41-42 >42

X2 * p<0.05



KID (Known Implantation Data)

1emb ET

2emb ET




