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Educational objectives

« Describe the physiology of the development of multiple follicular waves during the
menstrual cycle

» Discuss the rationale for new ovarian stimulation protocols in increasing the
number of available oocytes

» Assess the evidence and clinical considerations for double ovarian stimulation as
a useful strategy for improving patient outcomes



Folliculogenesis in an ovarian cycle
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Folliculogenesis in an ovarian cycle
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M, menses; OV, ovulation.

Baerwald AR, etal. HumReprod Update. 2012;18:73-91.



Theories on folliculogenesis in an ovarian cycle

Luteal Follicular Luteal Follicular
phase phase phase phase
“Waves theory” “Continuous recruitment theory”
Two or three cohorts of antral follicles are Follicles start growing and regress continuously during
recruited perovarian cycle the ovarian cycle

The mechanisms regulating each individual cohort of follicles are not yet fully understood

M, menses; OV, ovulaton. Baerwald AR, etal. HumReprod Update. 2012;18:73-91.



Scepticism has arisen...

More than one fertile ovulation per cyvcle?
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The dynamics of folliculogenesis introduced new
stimulation regimens

Random startapproach:
COH can be started at any ime during the ovarian cycle (in a setiing for urgentfertility preservation)

Von Wolff M, et al. 2009; Sonmezer M, etal. 2011; Nayak SR, etal. 2011; Ozkaya E, et al. 2012; Cakmak H, et al. 2013.

Luteal phase stimulation:
COH can be started between Day 17 and Day 21 of a spontaneous ovarian cycle
Bentov, et al. 2010; Buendgen, et al. 2013; Martinez, et al. 2014; Zhag, et al. 2015; Wang, et al. 2016; Li, et al. 2016; Qin, et al.

2016; Boots, et al. 2016; Wang N, et al. 2016; WY, et al. 2017.

DuoStim (double stimulation in 1 ovarian cycle):
Combination of FP stmulaton and LP stimulation in poor prognosis patients (advanced maternal age, POR)

Kuang Y, et al.2014; Ubaldi, et al. 2016; Liu, et al. 2017; Vaiarelli A, et al. 2017, 2018; Cimadomo D, et al. 2018.

COH, controlled ovarian hyperstimulation; FP, follicular phase; LP, luteal phase; POR, poor ovarian reserve.



Luteal phase stimulation was proposed for urgent tasks, such

as fertility preservation for oncology

patients...

Ovarian stimulation to cryopreserve fertilized oocytes
in cancer patients can be started in the luteal phase

Michael von Wolff, M.D..* Christian J. Thaier, M.D..” Torsten Frambach, M.D.* Cosima Zeeh, M.D.,*
Barbara Lawrenz, M.D.," Roxana M. Popovici, M.D.,* and Thomas Strowitzki, M.D.*

Fertility and Sterility® Vol. 92, No. 4, October 2009

All
Gynecologic
Cancers

Random-start controlled ovarian hyperstimulation for
emergency fertility preservation in letrozole cycles

Oocytes (n)

Murat Stnmezer, M'.D.,J'h Hgm Tiirkgiiogl, M. D" Ugur Coghun, M'.D.,'l and Kutluk Oktay, M.D.%
Fertility and Sterility® Vol. 95, No. 6, May 2011

Random-start gonadotropin-releasing hormone (GnRH)
antagonist-treated cycles with GnRH agonist trigger

Number of oocytes collected after initiation of OS in the
follicular vs luteal phase

25 — n=28 n=12
20 — I(42) (23)
15 —
10
I
o T = Average
Follicular phase Luteal phase

Comparison of outcomes of conventional and random start COS cycles

for fertility preservation

Conventional start

Random start Late follicular phase  Luteal phase start p value
(n =88;103 cycles) (n=
13.0

35; 35 cycles) p value start(n =13:13 cycles) (n =22;22 cycles)
11.5 10.5 121

AFC

Days of OS

Total dose of gonadotropins (IU)
Gonadotropin daily dose (IU/d)
Follicles = 13 mm

Oocytes retrieved

Mature oocytes (MII) retrieved
MII oocytes/total oocytes ratio
Oocytes/AFC ratio

Mature oocytes/AFC
Fertilization rate after ICSI (2PN/MII)

Shweta R. Nayak, M.D., and Anthony N. Wakim, M.D.
Fertility and Sterility® Vol. 96, No. 1, July 2011

Effective method for emergency
fertility preservation: random-start
controlled ovarian stimulation

Hakan Cakmak, M.D., Audra Katz, R.N., Marcelle I. Cedars, M.D., and Mitchell P. Rosen, M.D.

Fertility and Sterility® Vol. 100, No. 6, December 2013

NS NS

9.3 10.9 <0.001 10.5 1.2 <0.001

3,404 4,158 0.001 3,842 4,344 0.005
361 372 NS 371 373 NS
10.5 11.8 NS 10.9 12.3 NS
14.4 14.5 NS 13.0 15.5 NS
9.7 9.9 NS 9.1 10.3 NS
0.66 0.67 NS 0.68 0.67 NS
1.09 1.26 NS 1.24 1.28 NS
0.73 0.85 NS 0.84 0.86 NS
0.72 0.87 NS 0.85 0.88 NS

2PN, 2 pronuclei; AFC, antral follicle count; ICSI, intracytoplasmic sperminjection;
MIl, metaphase II; NS, notsignificant; OS, ovarian stimulation.

von Wolff M, etal. Fertil Steril. 2009;92:1360-5. Cakmak H, etal. Fertil Steril. 2013;100:1673-80.



And then, live births were reported from poor
prognosis patients...

Objective: To report an ongoing pregnancy after in vitro fertilization (IVF) with ovarian stimulation using a gonad-
otropin-releasing hormone (GnRH) antagonist that resulted in two waves of follicular growth.

Design: Case report.

Setting: University of Toronto affiliated infertility clinic.

An ongoing pregnancy from two waves of follicles
dEVEIuping during a Iu“g fUIIic“Iar phase uf the same Patient(s): A 33-year-old woman with a 3-year history of secondary infertility.
Intervention(s): In vitro fertilization and embryo transfer.

cv c I e Main Outcome Measure(s): Ongoing pregnancy.

: This pati ived after the GnRH ist-induced demisc of the first cohort of follicles
and the emergence of a second wave of follicles followed by oocyte retrieval on cycle day 30 and fresh embryo transfer.
Conclusion(s): This case report is consistent with previous observations of multiple waves of follicle recruitment
and growth per cycle. The window of i ion may not be y affected by p or even variable
estrogen exposure in the follicular phase of the cycle. (Fertil Steril® 2010;94:350.e8-e11. ©2010 by American
Society for Reproductive Medicine.)

Key Words: In vitro fertilization, ovarian stimulation, follicular growth

Yaakov Bentov, M.D., M.S¢.*" Navid Esfandiari, D.V.M., Ph.D., H.C.LD.," Asli Gokturk, M.Sc.,*
Eliezer Burstein, }l/I.J'J,a‘l”‘C Ofer Fainaru, M.D., H"LD.,a‘b‘C and Robert F. Casper, M.D., ER.C.5.C.*™¢

Fertility and Sterility® Vol. 94, No. 1, June 2010

Pregnancy outcomes from frozen-thawed embryos originating from OS during the luteal phase

First FETs Second and third FETs Total FETs
Luteal-phase ovarian stimulation Thawedcycles, n 173 56 229
is feasible for producing competent ooyt L o o
IS Teasii p g competel Thawed survival rate, % 97.4 91.6 96.0
oocytes in women undergolng INVILro  Thawed highest-quality embryos, n 1.8 1.7 1.8
fertilization/intracytoplasmic sperm E"domet"a' tht'cknessf m L 125 2t
Y . . : regnancy outcome 0
In]ECtIDH treatment’ W_Ith Optlmal Positive hCGrate per transfer, % 63.0 58.9 62.0
pregnancy outcomes In Clinical pregnancy rate per transfer, % 59.0 55.6 55.5
frozen-thawed embryo transfer cycles Implantation rate, % 439 287 40.4
o K 0. G e P e e A A Firsttrimester miscarriage rate, % 49 25.0 7.9
Yongiun Fu. M.D.* and Zs o ' Second trimester miscarriage, % 1.0 0.0 0.8
. . Multiple pregnancy rate, % 42.2 16.0 37.0
Fertility and Sterility® Vol. 101, No. 1, January 2014 Ectopic pregnancy rate, % 39 0.0 3.9
Ongoing pregnancy rate per transfer. % 53.2 35.7 48.9
l Cumulative pregnancy rate per cy cle initiated, % 64.7 )

FET, frozen embryo transfer; hCG, human chorionic gonadotropin.

Bentov Y, et al. Fertil Steril. 2010;94:350.e8-11.
Kuang Y, et al. Fertil Steril. 2014;101:105-11.



Double stimulationin POR (Shanghai protocol)

Double stimulations during the follicular and =~ () e
luteal phases of poor responders in IVF/ICSI
programmes (Shanghai protocol)

Basic characteristics of patients
with POR (n = 38)

Yanping Kuang **, Qiuju Chen *®, Qingging Hong *°, Qifeng Lyu *®, Ai Ai *®, Parameter Values
Yonglun Fu *®, Zeev Shoham ©
[Mean age, years£SD 36.4+5.0
The protocol of double stimulation during the follicular and luteal phases in patients with POR
Oocyte retrieval Oocyte retrieval Mean BMI: kg/m2 +SD 226+3.7
GnRH: ; - .
hMG 150 IU g.0.d. %r}Rﬁg hMG 225 IU/d 01 mga Mean infertlity duration, years £ SD 44+3.8
D3 D6
Mean basal FSH, IU/L £ SD 6.9+23
Clomiphene25mg + + + + + + + + + + + . .
Letozole25mg  + + + + L T Mean AFC in follicular phase + SD 3.8+1.8
Ibuprofen 0.6 g +t ot . N
MPA 10 mg - Primary infertiity, n/N (%) 24138 (63.2)
Cryopreserved ET cycle outcomes using embryos derived from double stimulation in patients with POR Secondary infertiity, n/N (%) 14/38 (36.8)
Total Embryos from first Embryos from second Two embryos from two
oocyte retrieval oocyte retrieval oocyte refrievals Previous IVF failure. n/N (%)
Patients, n 21 12 6 3 ’
Cryopreserved embryo tansfer cycles n 23 13 7 3
Embryos warmed, n 43 22 15 6 0 12/38 (31 6)
Embryo transferred, n 41 21 14 6
Embryo survival rate, /N %) 41/43 (95.3) 21/22 (95.5) 14/15 (93.9) 6/6 (100)
Clinical pregnancy rate, n/N (%) 13/23 (56.5) 8/13 (615) 5/7 (71.4) 0/3 1-2 15/38 (39-5)
Implantation rate, N (%) 15/41 (36.6) 10/21 (47.6) 5/14 (357) 0/6
Spontaneous abortion rate, NN %) 2/13 (154) 1/8 (12.5) 1/5 (20.0) 0 >
m N C%) 11/23 (47.8) 7/13 (538) 4[7 (57.1) 03 ) >3 11/38 (28'9)

BMI, body mass index; ET, embryo transfer; FSH, follicle-stimulating hormone; GnRHa, gonadotrophin-releasing hormone agonist; HMG, human

menopausal gonadotrophin; IVF, in vitro fertilization; MPA, medroxyprogesterone acetate; q.0.d., every other day; SD, standard deviation.

Kuang Y, etal. Reprod Biomed Online. 2014;29:684-91.



No differences between clinical outcomes:
FPS vs LPS in a donation programme...

Comparison of starting ovarian Characteristics of the oocyte recipients
stimulation on day 2 versus day 15 “pocosuo oo ciee s RD15(n=12)  R-D2(n=8)
of the menstrual cycle in the same —
oocyte donor and pregnancy rates Recipientage, years 4392 4413
among the corresponding recipients Donated oocytes, n 8.75 8.38
of vitrified oocytes Inseminated oocytes, n 8.50 8.50
gﬂ:&%};}?ﬁ;@%‘zgs{:cjaraa(I;Ss:zeat\SzuaB;S(le’ﬂ\:ﬂ\?er\[gobweev?sacr\ggsa ‘Tgunragﬁgogug::\z/e:ti(ra Coroleu, Ph.D., F er.tlllzatl on I'ate, % 76 47 7333
Transferred embryos, n 1.67 1.50
Quality of transferred embryos 8.50 8.50
Cryopreserved embryos, n 3.08 2.88
Pregnancies,n (pregnancy rate/transfer) 7 (58.3%) 5(62.5%)

FPS, FP stmulaton; LPS, LP stimulation;
R-D2, recipients ofoocytes afier Day-2 donor-stimulation start; R-D 15, recipientofoocytes after Day-15donor-stimulation start MartinezF, etal. Fertil Steril. 2014;102:1307-11.



Physicians started to be less sceptical...

;E'%e, "W 1Bm R line. cam : Kuang’s data (2014b) and our findings indicate that a dual
: back-to-back ovarian stimulation protocol is a viable option
for coping with the insufficient ovarian responses that are

COMMERTARY sometimes encountered in ART. Moreover, the short overall

Dual ovarian stimulation is a new viable option (). duration of these approaches (<30 days) is valuable for cases
of fertility preservation. Indeed, the DPX approach permits

for enhancing the oocyte yield when the time i , , T ,

for assisted reproductive technnology coping with the time constraints of fertility preservation and

is limited the desire to accumulate the largest number of oocytes
possible.

Rebecca Moffat *, Paul Pirtea *, Vanessa Gayet *, Jean Philippe Wolf ",
| Charles Chapron **, Dominique de Ziegler **

DPX, Duplex protocol. Moffat R, etal. Reprod Biomed Online. 2014;29:659-61.



DuoStim in patients with POR/poor prognosis

Fert‘\litya.nd Sterility® Vol. 105, No. 6, June 2016 . 51 patients strted the first
Follicular versus luteal phase ovarian stmulation cycle

stimulation during the same e :
menstrual cycle (DuoStim) in a i 6 exc"/’qded, o
reduced ovarian reserve population L (oresponse fothe stimuafion) _
results in a similar euploid blastocyst 45 paiients b egg retrieval

formation rate: new insight in ovarian T .
reserve exploitation ' 2 excluded !
R 177 trospem avaieti) |

43 patients to egg retrieval

51 patients with POR (AMH <1,5 ng/mL, AFC 1 1

< 6 folliclesand/or < 5 oocyte retrieved in previous 42 pafients undergoing 42 pafients undergoing

COH) undergoing ICSI treatment and PGT-A FPICSI LP ICSI

Primary outcome measure l l

Euploid blastocyst rate 18 FP stmulafion cycles with 23 LP stmulaton cycles with
Secondary outcome measures euploid blastocyst euploid blastocyst
Number of retrieved COCs and MIl oocytes obtained obtained

AMH, anti-Mdllerian hormone; COC, cumulus-oocyte-complex;
PGT-A, preimplantation genetic testing for aneuploidy . Ubaldi FM, etal. Fertil Steril. 2016;105:1488-95.



DuoStim in patients with POR/poor prognosis

Fert‘\litya.nd Sterility® Vol. 105, No. 6, June 2016 . 51 paﬁenls staried the first
Follicular versus luteal phase ovarian stmulation cycle
stimulation during the same e :
menstrual cycle (DuoStim) in a I s I
reduced ovarian reserve population L (oresponse fothe stimuafion) _
results in a similar euploid blastocyst 45 patients © egg retrieval
formation rate: new Insight in ovarian LT T .
haki I 2 excluded :
reserve explmtatlon r» ) :
F-Ipu M Jb'd MD VIS Al h 'Ab rto Vai \I M.D., Ph.D./ IL——__Ln_o_SBgr_rr’_a_v_al_la_biez____.!
H\sabel 0, ND RL tV l I\ MD ‘ CI D nd Laura Rienzi, M.Sc.* 43 paﬁents b egg reh-ieval
GnRHa GnRHa
3001U+1501U trigger OPU 3001U+1501U trigger OPU
rFSH+rLH ‘ ‘ rFSH+rLH ‘ ;
JTTTTITTT L slsimlsl TTETTTTT 0 L]
GnRH antagonist STOP (GnRH antagonist)

FSH, follicle-stimulating hormone; LH, luteinizing hormone;
OPU, oocyte pick-up rate; rF SH, recombinantF SH; rLH, recombinantLH. Ubaldi FM, etal. Fertl Steril. 2016;105:1488-95.



Large intraovarian follicle wave variability: similar
laboratory results for FPS and LPS

Follicular phase stimulation Luteal phase stimulation Data according tofollicular and luteal phase stimulation
T D0 O 0 00 000 : . Stimulation phase
2 () ()]s ® O O O Data basis Follicular Luteal p value
4 8 8 (e) 666 6 el:l:l.l.l.l. Per patient
5 5
6 olo Days of stimulation 9.6 10.3 NS
OO000® Q OO
(o] L SHGIION) COCs 5.1 57 NS
MIl oocy tes (%"ﬁ ® 000 MiIl oocytes 34 41 NS
10 5 .
thatdidnot ONONGIIONONONONON® Fertilized oocytes 23 32 NS
reach blasto- —2 Q O O Biopsied blastocysts 1.2 14 NS
— Q o 10Q Euploid blastocysts 06 07 NS
cyststage Q& s1s O
16 [G1I6) Perinjected MIl oocyte
(o) - St — MIl oocytes 142 173
Mil oocytes 22 00 8 < 8 (:% (:% g Flertililzed oocytes 99 136 NS
that made > O &l Biopsied blastocysts 49 58 NS
aneuploid 21 OO0 8 Ol 08 08 8 8 [ON®) Euploid blastocysts 23 26 NS
25 S5 6 . .
blastocy st % Ol D 00 O 00 Per biopsied blastocyst
- (@] - 8 o e Biopsied blastogysts 49 58 NS
29 oNONO) INe) Day of blastulation
Ml 30 @@gg&(%@@oooo 5 19 22 NS
oocyles ONONGNO) IGNe) 6 2 3 NS
thatmade = (N oMo MO NGNG! IGMONe - 7 1 0 NS
euploid i: (3) (5 Blastocyst quality
blastocy st z e Excellent 21 ) NS
40 0O O clC Good 9 10 NS
(@) 8 8 8 8 OO0
:1 O NONONGNE ; 5 Average 12 12 NS
1 o) Poor 7 10 NS
;‘2 00Q 8 8 6 : 8 8 o) Aneuploidy
P 8 8 8 [ON O] Euploid 23 26 NS
‘5’2 000000 0 0000 Slngle/doubleane'uplmd 18 25 NS
51 [@) Complex aneuploid 8 7 NS

Ubaldi FM, etal. Fertil Steril. 2016;105:1488-95.



Similar oocyte competence after FPS and LPS

Human Reproduction, Vol.33, No.8 pp. 1442-1448,2018
Advanced Access publication on June 15,2018  doi:10.1093/humrep/dey2 | 7

human
reproduction

Luteal phase anovulatory follicles result
in the production of competent
oocytes: intra-patient paired case-
control study comparing follicular
versus luteal phase stimulations in the
same ovarian cycle

Danilo Cimadomo"*, Alberto Vaiarelli', Silvia Colamaria',
Elisabetta Trabucco?, Carlo Alviggi®*, Roberta Venturella®,
Erminia Alviggiz, Ramona Carmelo?, Laura Rienzi'?,

and Filippo Maria Ubaldi'?

Study question: Are the mean numbers of blastocysts obtained from
sibling cohorts of oocytes recruited afer FPS and LPSin the same
ovarian cycle (DuoStm approach) similar?

Answer: The follicles recruited during the anovulatory phase of the
ovarian cycle may be rescued through LPS, and originate larger
cohorts of oocytes with comparable competence to
paired-FPS-derived ones

188 patients were enrolled to undergo DuoStm and PGT-A

7 patients did not respond o FPS
11 patients _did not respond fo LPS ‘
170 patient refrieved oocytes after both FPS and paired-LPS

127 FPS-derived cohorts of oocytes
resulted in = 1 blastocyst
I

145 LPS-derived cohorts of oocytes
resulted in = 1 blastocyst

65 FPS-derived cohorts of oocytes

85 LPS-derived cohorts of oocytes
resulted in = 1 euploid blastocyst

resulted in = 1 euploid blastocyst
I

9 patients have not yet undergone
any FPS-derived ET

56 patients have undergone

> 1 FPS-derived euploid single
blastocyst transfer

» 27 patients have not yet
undergone any LPS-derived ET
+ 58 patiens have undergone
= 1 LPS-derived euploid single
blastocyst fransfer

11 patients are currenty pregnant
(>22 weeks) and 17 have already
delivered a healthy baby

12 patients are currenty pregnant
(>22 weeks) and 23 have already
delivered a healthy baby

Cimadomo D, etal. HumReprod. 2018;33:1442-48.




Similar oocyte competence after FPS and LPS

Embryological data after FPS and LPS conducted, fromthe 188 couplesincluded in the study

Correlation between LPS

FPS mean £SD LPS mean £SD zvalue p value nd EPS (R val
n=684 n=3804 _ 0.50
MIl oocytes, n 36+2.1 4328 2.8 <0.01 0<0.01
. n=485 n=595 0.34
Fertlized oocytes, n 26419 39404 -2.8 <0.01 0<0.01
Mean ferfiization rate per oocyle retrieval 68.2% + 33.0% 70.0% +30.8% 05 NS 001
n=227 n=2308 0.09
Mean blastocyst rate per oocyte refrieval 33.1% +30.3% (0-100%) 37.4%%30.8% (0-100%)  -1.2 NS _Rl'gd
] = =1 A7
Euploid blastocysts, n 0”5 +903§ i ; B 24 0.02 0
Mean euploidy rate per oocyte refrieval 13.6% +22.8% 16.3% +23.4% 1.1 NS oS
Preliminary clinical outcomes of euploid single blastocyst transfers of embryos obtained after FPS or LPS
FPS (n = 52) LPS (n = 57)
Euploid single blastocyst transfers, n 62 64
Clinical pregnancies, n (% of transfers) 31(50) 39 (60.9)
Miscarriages, n (% of clinical pregnancies) 5(16.1) 4(10.3)
Ongoing pregnancies, n (> 22 weeks)/deliveries (% of fransfers) 26 (41.9) 35 (54.7)

Cimadomo D, etal. HumReprod. 2018;33:1442-8.



*p<0.05.

LPS-derived cohort of oocytes larger than FPS:
confirmed in a multicentre study

Double stimulation in the same ovarian
cycle (DuoStim) to maximize the number
of oocytes retrieved from poor prognosis
patients: a multicentre experience and
SWOT analysis.

Alberto Vaiﬂrelh‘", Danilo Cimadomo‘, Elisabetta Trabuccnz, Roberta Vallefuacal, Laura HuffoJ,
Ludovica Dusw", Fabrizio Fiorini‘, Nicoletta arnocchi“. Francesco Maria Bulletti5. Laura
Rienzi" > * 4, Filippo Maria Ubaldi® 2> >4

DuoStm was proposed o
353 patienfs

17 patients did not
respond fo FPS

v

v

336 patients completed FPS and
underwent the 1st cocyte refrieval

26 patients did not
respond o LPS

\4

v

310 patients completed LPS and
underwent te 2nd oocyte refrieval

. FPS LPS
} frontiers
submicted co sournal: Mean fertilization rate per cycle 69.4% 69.8%
meproaucion Mean blastocy strate per cycle 34.9% 32.6%
P Mean euploidy rate per cycle 15.7% 13.0%
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Vaiarelli A, etal. FrontEndocrinol (Lausanne). 2018;9:317.



More patients obtaining competent blastocyst(s) per
ovarian cycle

Double stimulation in the same ovarian & frontiers

cycle (DuoStim) to maximize the number GnRHa GnRHa
: . e 300 IU rFSH i 300 1U rFSH i

of oocytes retne:ved from poor prognosis Sy trigger oiu TSl trigger 0£u
patients: a multicentre experience and ‘
SWOT analysis. l-i-llllL,l-illllll-l-illlﬂ//-l-ilﬂ
Alberto Vaiﬂrellw‘", Danilo Cimadomo‘, Elisabetta Trabutcni, Roberta Vallefuocol, Laura Buffos, G . STOP g 3
Ludovica Dusij, Fabrizio Fiurim"', Nicoletta Barnocchi‘. Francesco Maria Bullellis, Laura nRH antagon/st (GnRH antagonst)
Rienzi" 2 %4, Filippo Maria Ubaldi® & 34

96.5% 96.1% 994% " FPS

90.3% mLPS
730%  74.2 DuoStim (overall)
J7/0 £ /0
65.5%
423% 41.6%
Cycles with =21 Ml Cycles with =1 blastocyst Cycles with =1 euploid blastocyst

Vaiarelli A, etal. FrontEndocrinol (Lausanne). 2018;9:317.



What about poor responders according to the
Bologna criteria?

« Study design:

— Paired observational study was performed in a private IVF clinic between January 2015 and
January 2018

— Primary outcome: LBR per [TT
— Secondary outcome: embryological outcomesin FPS and LPS

» Results:

— DuoStim resulted in a significantly higher number of MIl oocytes and blastocysts vs FPS or
LPS alone

— Greater increase in LBR/ITT was observed in the DuoStim group compared to FPS-only

* In “Bologna poor responders”, the contribution of LPS in the DuoStim protocol might
increase the chance of obtaining a reproductively competent embryo to transfer

VaiarelliA, etal. Accepted for publication.



What about poor responders according to the
Bologna criteria?

Study design:
Paired observational study was performed in a private IVF clinic between January 2015 and January 2018

Inclusion criteria:

100 consecutive poor responder patients fulfilling the Bologna criteria undergoing PGT-A were enrolled
AMH<0.5-1.1 ng/mL, or AFC < 5-7 follicles

» < 3oocytes retrieved in a previous cycle after conventional simulation > 2 criteria

» Advanced maternal age (= 40 years) }

Exclusion criteria:

Severe male factors

» Azoospermia and severe OAT < 1 mil sperm count
» Abnormal karyotype

* PGT-M cycles

OAT, oligoasthenoteratozoospermia; PGT-M, preimplantation genetic diagnosis for monogenic disease. Vaiarelli A, etal. Accepted for publication.



Outcome measures and results

Primary outcome:
LBR per ITT

Secondary outcome:
All embryological outcomesin FPS and LPS were monitored

100 patients fulfilling the Bologna criteria

.

5 patients did not respond to FPS

.

4 patients did not respond to LPS

"

91 patients: oocytes retrieved after both FPS and LPS

ITT, intention to freat; LBR, live birth rate. VaiarelliA, etal. Accepted for publication.



DuoStim: laboratory results in “Bologna patients”

FPS LPS p value DuoStim

MIl oocytes, n 237 309 g ) 546
Mean = SD (range) 24 £15 (0-6) 3.1+£2.2 (0-10) <0.01 5528 (0-12)
Blastocysts, n 70 107 177
Mean+ SD (range) 0.7 £0.8 (0-4) 1.1 £1.1 (0-6) <0.01 18 £15(0-7)
Mean blastulation rate per 0 0 0 o

30.7% + 32.8% 36.2% + 33.5% NS 32.2% + 24.4%
MII per cycle £ SD
Euploid blastocysts, n 14 21 35
Mean+ SD (range) 0.1+£04 (0-1) 0205 (0-2) NS 04 +£0.6 (0-2)
Mean euploidblastocystrate 4 g0 4 4279, 6.6% + 16.2% NS 6.4% + 13.6%

per Ml per cycle+ SD

VaiarelliA, etal. Accepted for publication.



DuoStim: clinical results in “Bologna patients”

Euploid SET and LB * In “Bologna poor responders’, the
: Egp;'d SET and not pregnant contribution of LPS in the DuoStim
protocol mightincrease the chance

15 of obtaining a reproductively
16

competent embryo to transfer

* This might also increase the
LBR/ITT from 7% in the FPS-only
to 15% in the DuoStim

FPS only DuoStim

LB, live birth; SET, single-embryo transfer. Vaiarelli A, etal. Accepted for publicaton.



Clinical, obstetric, and perinatal outcomes after SET of euploid blastocysts
fromLPS and FPS: interim analysis

g Study design:
. Multicentre prospective study performed between October 2015 and
July 2017 (interim analysis)

* Primary outcome: ongoing pregnancy rate (> 20 weeks)

 Secondary outcome: miscarriage rate and obstetric/perinatal outcome

Sample size analysis: Results (interimanalysis):

To achieve 80% power (a = 0.05) to rule out a 15% « 174 patients obtained and transferred
difference in ongoing implantation rate between FPS- at least 1 euploid blastocyst either from
and LPS-derived euploid blastocysts, we require 174 FPS and/or LPS

first SETs per arm (348 overall)
Only the first SET performed was included in this study

VaiarelliA, etal. Oral presentation at ESHRE 2018.



Clinical, obstetric, and perinatal outcomes after SET of euploid blastocysts

from LPS and FPS: interim analysis

FPS-derived euploid

blastocyst
49/86  49/88
57.0% 55.7%
|
N
Positive pregnancy test rate BPL rate

~

-—;7 1 embryo twinning 30 babies
,{'!‘-’é 1 gestational diabetes born to date
1 polyhydramnios
~
| 32 babies

born to date

@éj 2 gestational diabetes

BPL, biochemical pregnancy loss; NICU, neonatalintensive care unit.

LPS-derived euploid
blastocyst

40/86  42/88
46.5% 471.7%

Ongoing pregnancy rate

545  6/48
11.1% 12.5%

Miscarriage rate

N
N

Gestational age: 38.1 £ 1.1 weeks
Birthweight: 3,308 + 880 g
1 neonatal respiratory distress (7 days in NICU)

Gestational age: 38.0 £ 2.2 w
Birthweight: 3,217 + 584 g
No complications or malformations
VaiarelliA, etal. Oral presentation at ESHRE 2018.



DuoStim to maximize the number of oocytes for fertility
preservation in oncology patients

AN T ()
Moty /e en a6 VUMY VAT 01T 10008 A

\ Tavior & Franchy

... Some cancer patients might have only a
ble ovarian stmulation (DuoSt ey presarvation i single cycle opportunity to collect oocytes
le oncology patient before starting their oncology treatment

ORIGINAL ARTICLE

Nikolaos Tsampran, Della Gould arel Charyl T Fitegenald
Y My Wt Mepanta b Medih sw |0l Mawtwiler LN
Patients' characteristics, stimulation details, and oocyteyields
Oocytes | Interval between hMGdose . Oocytes h
Age . . . AMH hMGdose Days of : " : Days of Oocytes retrieved . .
No. Diagnosis US findings AFC " " retrieved stimulations  (IU) second _ " retrieved in Comments
(years) (pmoliL) (lU)  stimulation (M) (days) cycle stimulation (MIl) second cycl total (MII
) ; Elective platelet transfusion

1 17 Aplastic anaemia ~ Normal 20 16.5 150 10 909 5 300 12 13(12) 22 (21) for oocyte retrieval
2 31  Bowel Ca 1 cm endometrioma 16 16.4 300 13 9(6) 3 300 17 4(1) 13 (7) -
3 17 Myelodysplasia Normal 19 18.0 150-300 14 1(1) 7 300 12 19(12) 20 (13) =

Left oophorectomy, right ovarian -
4 34  Bowel Ca oyst (5 cm) 4 21 450 14 6 (6) 1 450 15 1(1) 7(7)
5 34 ER-ebreast Ca Normal 23 471  300-262.5 9 13(9) 0 300-375 9 20 (18) 33(27) =
6 37 ER*ebreast Ca Normal 4 23 450 8 3(3) 0 450 11 3(3) 6 (6) Letrozole 0.5 mg daily

. ] q _ Letrozole 0.5 mg,

7 29 ER*ebreastCa Right ovarian cyst (4 cm) 36 50.0 150 10 12(8) 225 10 11(10) 23(18) metformin 1,000 mg daily
8 38 ER*ebreastCa Right ovary not seen; left ovary nomal 3 3.0 300-375 13 12 (5) 4 375 8 3(2) 15(7) Letrozole 0.5 mg daily
9 37 ER*ebreast Ca Nomal 9 741 300 1" 12 (10) 0 300 10 1(1) 13 (1) Letrozole 0.5 mg daily
10 37 ER*ebreastCa Noma 16 11.8 300 12 4(4) 2 450 12 1(1) 11(11) Lefrozole 0.5 mg daily

Afterthe 2nd OPU, patients continued GnRHantfor 1 week, and those with ER *'¢ werealso continued on aromatase inhibitors

ER, estrogen receptor; US, ultrasound. Tsampras N, etal. HumFertl (Camb). 2017;20:248-53.



SWOT analysis: putative advantages and
disadvantages of DuoStim

Double stimulation in the same ovarian
cycle (DuoStim) to maximize the number
of oocytes retrieved from poor prognosis
patients: a multicentre experience and
SWOT analysis.

Alberto Vm‘nrelli". Danilo Cimadomo‘, Elisabetta Trabutcoz, Roberta Vallefuaml, Laura Buffn",
Ludovica Dusi", Fabrizio Fion'ni‘, Nicoletta Barnocchi‘, Francesco Maria Bullettis. Laura
Rienzi" 2 34, Filippo Maria Ubaldi® 2 4

'f"’ frontiers

COS, controlled ovarian stmulation; RCT, randomized controlled frial;

SWOT, strengths—weaknesses—opportunities—threats.

Strengths
Higher number of oocytes and
embryo/ovarian cycle
More patients obtaining competent
blastocysts/ovarian cycles
No differences in competence
between oocytes after FPS and
LPS

Opportunities
It may reduce time to obtain at least
one competentembryo in a single
ovarian cycle
It may be emotionally better
tolerated from the patients than two
consecutive FPS cycles
Theoretically, it may reduce the
drop-out rate

Weaknesses
Higher number of stimulations
cancelledinthe LPS
No RCT or cost-effectiveness
analysis performed
Freeze-all approach is mandatory
Applied so far to poor prognosis
patients only

SWOT analysis

Threats
Cost-effectiveness?
Increased total dose of
gonadotropin administrated than in
conventional COS
Few biological, gynaecological,
obstetric, and prenatal evidence of
safety produced

Vaiarelli A, etal. FrontEndocrinol (Lausanne). 2018;9:317.



SWOT analysis: putative advantages and
disadvantages of DuoStim

Strengths
Higher number of oocytes and embryos in the LPS and ovarian cycle
More patients obtaining competent blastocysts/ovarian cycle
No differences in competence between oocytes after FPS and LPS: same blastulation
and euploidy rate

Opportunities
It may reduce time to obtain at least 1 competentembryoin a single ovarian cycle
It may be emotionally better tolerated by the patients than two consecutive FPS cycles
It may reduce the drop-out rate
It may increase the knowledge of the mechanisms of follicular recruitment and ovarian

physiology

Vaiarelli A, etal. FrontEndocrinol (Lausanne). 2018;9:317.



SWOT analysis: putative advantages and
disadvantages of DuoStim

Weaknesses
Higher number of stimulations cancelled in the LP
No RCT comparing DuoStim vs two consecutive FPS or cost-effectiveness
analysis performed
Freeze-all approach is mandatory
So far, applied to poor prognosis or cancer patients only

Threats
Increased costs, cost-effectiveness (?)
Increased total dose of gonadotropin administered compared with conventional
COS

Few biological, gynaecological, obstetric, and neonatal evidence of safety
produced so far

Vaiarelli A, etal. FrontEndocrinol (Lausanne). 2018;9:317.



And, although several papers have been published...

Study Design Patients, n

Xuand Li, 2013 Case report 1 o o o
Kuang et al,, 2014 Pilot study 38 I(;ill::l;:lleclg}e on Controlled Ovarian Stimulation in
Mofiat et al., 2014 Commentary paper No information

Ubaldi et al., 2016 Prospective study 51 0”"“‘“’

Wei Li-Hong et al., 2016 Refrospecive study 23

Tsampras et al., 2017 Pilot study 10

Vaiarelli et al., 2017 Observational study 128

Cardoso et al., 2017 Refrospecive 13

Liu et al., 2017
Cimadomo et al., 2018
Zhang Weiet al., 2018
Rashtian and Zhang, 2018
Madani et al., 2018
Bailing et al., 2018
Vaiarelli et al., 2018
Sighinolfi et al., 2018
Alsbjerg B et al., 2019

Refrospectve case-control
Paired case-control study
Retrospectve study
Refrospectve

Prospectve clinical study
Refrospecive study
Mulicentre observational study
Review opinion paper

Case series

Double stimulation in low responders should only be used in

the context of clinical research

Dowble stimulation can be considered for urgent fertility

presenvation cycles

Available from: https://www.eshre.euSpecialty-groups/Special- Interest-Groups/Reproductive-Endocrinology. Accessed May 2019.



Several opinion leaders co-authored a reviewer
comment on DuoStim

REV[EWER COMMENTS FORM @Shre Page Line Comment

80-81 2145- | The growing knowledge of human ovarian follicular waves introduced new models to describe
2172 folliculogenesis. This concept has opened a new scenario in which non-conventional COS
represents new and intriguing opportunity to fully exploit the waves of human follicular
development and to maximize the utilization of the ovarian reserve via tailored protocols
especially in very poor prognosis patients. In this scenario, Dual Stimulation (follicular and luteal
stimulation) in the same ovarian cycle should be considered a clinical evolution of random start
Review period: 12 February— 26 March 2019 and luteal phase stimulation in order to collect a higher number of oocytes and obtain a

adequate number of embryos in all situations where the time is limited and entail non-transfer
cycle.

Guideline: Controlled ovarian stimulation for IVF/ICSI

We recognize that there are no prospective randomized trials (RCT) that compare dual
Contact information of the reviewer stimulation with two conventional stimulations in terms of efficacy (cumulative live birth rates)
or efficiency (reduced time to live birth) of the two strategies. We also recognize that mandatory
freeze-all of oocytes or embryos may be a disadvantage of this protocol because of additional
a Ana 3 rocedure and oocyte manipulation, which, may not be allowed by some national health care.
Ubaldl, F|||pp0 F|SCher, RObert ﬁlevertheless, it m\()st be :oted that freeze-a\l/l is mandatory akvso in case of luteal phase
stimulation-only, random start, oocyte/embryo accumulation through sequential conventional
. H H stimulations and blastocyst stage PGT-A cycles. In addition, we do not understand why
AlVlggl, Carlo GarC|a \/GlaSCO, Juan Committee Members did not mention in the evidence section that, according to all the papers
published on the topic, the mean number of oocytes retrieved in the luteal phase stimulation is
significantly higher than follicular phase as are the mean number of blastocysts and of euploid

Barrl, Ped rO GlanarO“, Luca blastocysts. Moreover, the chance to find an euploid embryo or a blastocyst to transfer is

significantly higher per started ovarian cycle in the dual stimulation if compared to standard

Bo ri ni And rea Levi Setti Pao|0 stimulation (Ubaldi et al., 2016, Cimadomo et al., 2018, Vaiarelli et al., 2018).

Finally, dual stimulation is applied successfully by many centers in different countries. And the
evidence published in favor of this procedure in increasing day by day (Xu and Li, 2013, Kuang et
Bu ”etti Carlo Loutradis Dim itris al., 2014, Moffat et al., 2014, Ubaldi et al., 2016, Wei et al., 2016, Tsampras et al., 2017, Vaiarelli

y ) et al., 2017, Cardoso et al., 2017, Liu et al,, 2017, Rashtian and Zhang, 2018, Zhang et al., 2018,
Madani et al., 2018, Jin et al., 2018, Vaiarelli et al., 2018, Alsbjerg et al., 2019, Sighinolfi et al.,
2018, Vaiarelli et al., 2019).

Capalbo, Antonio Palermo, Roberto

While we understand that this procedure cannot be suggested for standard patients, poor
. . . . prognosis patients (e.g., with reduced ovarian reserve, AMA, Bologna POR) or women deserving
Cimadomo.Danilo Pellicer. Antonio fertility preservation (oncologic patients) might benefit from it. Hence, confining this technique
) ’ “only for research” does not reflect the available evidence and could have serious consequences

. .. . . in case of reimbursement or clinical complication
De Zlegler’ Dom|n|que Rlenz’ Laura In conclusion, although there are no RCTs that show the superiority of dual stimulation vs
conventional stimulation in terms of efficacy and efficiency, the author of this guideline could
not ignore and/or underestimate the available evidence. We believe that there are enough

FanChin, Renato Vaiare”i, Alberto clinical data to state that “dual stimulation can be considered in poor prognosis patients when

freeze-all is mandatory. It is not clear why the Committee stated that: “Luteal phase stimulation
could be used in the non transfer cycles” although it has far less clinical and laboratory evidence

Ferra retti, Anna Pia Ya rali, Ha kan (some of which use data from dual stimulation) reported in the literature.




Conclusions

« Evidence has shown that mutliple follicular waves during a single ovarian cycle
allows collection of the highest number of oocytes per ovarian cycle in poor
prognosis or oncology patients

* Evidence shows that oocytes obtained from LPS seem to be developmentally,
genetically, and reproductively competent

* LPS in the DuoStim protocol increases the chance of obtaining a reproductively
competent embryo for transfer in poor prognosis patients

« Amulticentre prospective RCT is needed to evaluate the efficacy, efficiency, and
costs of DuoStim vs two consecutive FPS cycles
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