First PGT-A using human in vivo
blastocysts recovered by uterine
lavage: comparison with matched IVF
embryo controls'

Santiago Munné'??* Steven T. Nakajima?, Sam Najmabadi®*,

Mark V. Sauer’, Marlane ). Angle?, José L. Rivas®, Laura V. Mendieta®,
Thelma M. Macaso®, Sarthak Sawarkar', Alexander Nadal’,

Kajal Choudhary’, Camran Nezhat'?, Sandra A. Carson’, and

John E. Buster?'!

'CooperGenomics, 3 Regent St Suite 301, Livingston, NJ 07039, USA tOverture Life, Avenida de Furopa 4, Alcobendas, Madrid 28108,
Spain 3Department of Obstetrics, Gynecology and Reproductive Stiences, Yale University, 310 Cedars Street, RM 337, New Haven, CT
06510, USA *Department of Obstetrics and Gynecology, Stanford University Schoot of Medicine, Stanford, CA 94305, USA *Center for
Reproductive Health and Gynecology, 99 N. La Cienega Blvd., Suite 109, Beverly Hills, CA 20211, USA ®Punta Mita Fertifity Center/Center
for Reproductive Health and Gynecology, Punta Mita Hospital, Ramal Carretera federal 200 KM 19 No. |, Punta Mita, Nayarit C.P. 63734,
Mexico ?Department of Obstetrics, Gynecotogy and Reproductive Sciences, Rutgers Robert Wood ohnson Medical School, Clinical
Academic Building, [25 Paterson 5t., Room 2150, New Brunswick, Nj 08301, USA &laurel Fertility Care, 1700 California St., San Francisco,
CA 94109, USA Previvo Genetics, Inc., 1599 Industrial Road, San Carlos, CA 94070, USA *®Center for Special Minimally nvasive and
Robotic Surgery, 900 Welch Road, #403, Palo Alto, CA 94304, USA ' Department of Obstetrics and Gynecology, Warren Alpert Medical
School of Brown University, |01 Dudley St., Providence, RI 52905, USA

*Correspondence address. Department of Obstetrics, Gynecology and Reproductive Sciences, Yale University, New Haven, CO 06510,
USA. Tel: +1 (502-767-6924); Fax: 1-646-207-2897; E-mail: Santiago.munne@gmail.com

Submitted on December 19, 2018; resubmitied on September 7, 2019; editoriof decision on October 9, 2019

& Abstract

STUDY QUESTION: #HEaiRMIEREFMBREPGT-AVETTS ot o, FEEIHM
(COSYH & TN UL T 7of8 i, EIRARBER LD O 7T EHRICL > TERATER - 5
Li-EeEl 4 mIe L. PGT-A #52 & Gardner 24810 & 2 TEREL NI % Al S48 O BE4E
B D C  EERRNIC AR TH B ?

SUMMARY ANSWER: COS & X' Ul %47 7= 134 FHAh 56 B cEN» H 136 @ o
FARIRTE, ZOEOEGSHYT BENSEEFAZECRETH - - BRiTEARE
BREOADBRITTCH 7,

STUDY DESIGN, SIZE, DURATION: #oF=5tieh 7 —7 4 s L HREIEEE O
ett, AiEE L UERIEEZFHEY 52010, W (n=81) % WRICH —fEEim &
WA A E L 2. §NCOFEHRPETEaRERSIHEE T2 RGBT 2017 £ 8
A 2018 4F 6 BT TRRS N, WEE HERKILIR & BERMSMEE T4 —7
B-0IT, Hitk 30 OB vz, 20 AO#ERH Tk, WIRRE L LTR UIRERIE
B ha—AT 1l EOFEAZHEEREL. AR & RAZRORBEROLE 1T > 7,



PARTICIPANTS/MATERIALS, SETTINGS, METHODS: =+ F &> cOIE R4 17
W BEEREEFR LD &b 2 o ETEIRIRA 18mm LLEOBI{Th T, F0% IV 1T
L FERSRIE UL O 4-6 BRICITb N/, SR IVFEo 20 Aoxttid, HieRiok
ICHRANZRE D IT o oo BININIBREREARETE)OEREZ, #HF7 AE S I, &
RBHRCREFESN . ERIERIMA S — o > R4 BTN L, $%Eid GaRH 7
AOZ A M EENLTAREER L.

MAIN RESULTS AND THE ROLE OF CHANCE: 81 AD#ZMICHEET 134 BlOFELS
T, T0 55 56 EHI42%) T 136 AOEAEUR S A7, HERTR, R 96
B(70%) THh -7, BEIBOBEILRIFT, 74%(70/95)4° Gardner 54D 7 L — F 3BB 11
LThY . FAZBREL Y bERICEENSRIFCH -7, ATRIL, HoOBERNFEZ A
DT H7CHIC, BRI ICHRN TRR - 5 LARERE N L AP OBRRTH
o BURE A ERERORGEEERREERD. SARBEERECH -,

LIMITATIONS, REASON FOR CAUTION: DREfiisig c 2% s 7L, DD LH1c
PR EEIRY 2 - & OWBEEETHET 2 L WS BTOEMNIER SN, LHLAS
B, TERH A7 LICESZB LT COfRs FamEs clRY e 2 bl Ttidihune
WO SIEROmMTOREMRIAL Y, BERCBVLTHFSNS LAcE Tl EAEsIC
FELTWED o/, HNZEE L FASEROREFREROHEEEREETHZ LS
FERTHoH, COMKRITNRETH -7, LHLAED S, I ABERLBEORTE
BRizbBWTh, ARNSHEROBERPERLEASEEROHEENTHD b > TV,

WIDER IMPLICATIONS OF THE FINDINGS: FEiifkid. A ZHE2EEHV. &
HWEBEEL LAWIETRATREGZE® PGT, BoBZ2MRE, L X7y hy 7Volgh
A EEORED GIEERINY 272D OFEABN CEREBAEERY 5 5, WEd
JUBRRDEBE S, . Z O, RNZRERL, 9ks LUOREOEE#HIIEREO TR
OEMEL LTHWDR B0 LWTZ v b 74 —LERETS,

& Introduction
THRMOEEEERE, SHROERIE A3 Icoh TNl FERTEOITLREE &
LT EPMENTNS, LA LGS SEREFEToEZREERITCldRd, FASBD
A REM P EY A 7 EBRTHTEEML D B 2 LRI AT LS,



BAEEA S, RS RSB LAMI PGT oo LR85 5 AkiEh <, SA0
SRR ETOLTICTEESIC L » T4 8 5 5. BEENEEETRES
DI AR TR L REIEE BINT 27 OO L VBRI E Y 5 5,

SEOHE T, COS & Ul Dfic, WAL Z Ll BHETFEAT~FE
WS AT LEAWTCHNTER L ARERE2ERERINGT 5 2 E AT THD 2 L2
OTER Lz, £7EUE L ARZE 0 RS & EAZRE o RER ORI LB RIS
DWTHHMDTHRET 2,

® Materials and Methods

Recruitment and ethical approval: 2017 & 8 A»% 2018 4 6 B & ToOMRHFH

2. AF Va0l va - D aRERICT 81 ADREICET 134 BoOFEEFI/Thi,

IR BREA 2 a4 ), AFERENICRE A RITT & O REAOEBERES LWL S
ERENTH o T, HWEHRE I TEINESEREICL > TER A TSR RARERED
EER X 41, BMI40kg/m2 LU VBB EREE LT OBE, BROMIESZORRN H D1

FHIFERA S i, BFREFIC OV THEBIRED R, BB RTIIROBRAZ
A—RPEETH T, £7-20 AOWHECIE, WWEFE LR UIIEME O Fa—n

TRAZRE 1RIEE L., FASEEEASFORBRHRO R {T-> 7,

COS protocol:  COS (04517 » CROBMTEA RS L, I FhaEr2fHBT 2 4 B
Aoidhik L, IF F o oRERESE E LCEETFHER FSHIFSH)1001U/B &
bR T F o (hMGs)75IU/B % 3 BRI E L7, T F oY okEE
. BEEI18Smm U LEoIiias 2 2B ETCED LI ICHE L, BIFSEREL LTHERED
B t— F(n=13. 10.4%) L 500010 @ hCG %, 0 OyEEEH (n=121, 90.2%)
WISEREE Y 2 — 71 Y Fdmg & 250010 @ hCG 2185 L7, #5513 36 ByRZIC 1UL %
B, BEEEE —BI B L0, WU 4~6 BRICFEES% 1 RIFE L,

Uterine lavage, blastocyst biopsy and genetic analysis: FEEHRS A7 L1E, BN
NENEBR NS H T TAE, BERATRAKS Y FO—-J - TEM S, Bk
FEPRIcEA L, AR~ MCRURT S LTS, RIS > THE
W& 7R EARETDOERE S, A7 XEhIh, REERTERES N BB
RIS — 7 2l E A VRS . EREEEESEHEC, REAREFSH
FRICFEET AR EMGIC &SN, TUA 7R 20% KB F /13 80% LU T ERIAH
He & A&, 20% RN IEfEEA, 80% L HITBHRE SEI N, REIES 20-
A0%DEYA VA BREETY A 7§18, 40-80% L FOEYA 7 RERHETY A VB S



L7ce 2FMIAOAGICEHOS Y, 34U LOROEESLT YA JRIL, #ETYA 0
e LT, 3R EnRefgessh, BEEEE I 2REESEBRIC T HEINT,

® Result

Embryo recovery and safety results: 81 A@Zitic&E 134 Mo T EE2D THA
D55 56 ARA(42%) T 136 @OBEARIRE I, % 0 5 HLIERELIEL 46 A (34%) ClaliX
Ehiz, Figure3 ICmd & S ISR R — FRIOERIRFEICIE oD ERA LA, DHIE
EREMEC, Bl E VAT LAORBEMICE VETAEL, BRO 20Tk 1 Bk
i 50~60% DREEENE A HER L7,

BO%
1%
0% T
64% B4%
60% | N
5O% 50% 50%50%
o R T
2 . )
g 1% Cydes with
o
g 40 Coll Recovery
= u % Cycles with
.; 31% 31% 31% %31% Embiyo Recovery
L7 R — S

2 30% w % Cycles wilh
g Blastoscyst
g 2% - Recovary

10%

0% v ¥ v
1{n=13) 2 {n=13) 4 (n=26) 5 (n=17) 6 (n=13) 7 {n=14) 8 (n=B)
cohnﬂ Number

Figure 3 Results of emhryo recovery after uterine Iavage in women, The ceflutar recovery of cocyies and embryos (cefis/cycle, blue
graph), embryos {blastocysts and cleavage stage) (embryos/ cycle. red graph) and blas!ocysts (blastocystlcycle green graph) by study cchort. Note
- Cohort 3 was excluded from analysis as cycles were unstimulated.

T2 UYL 120 BEE(96-144 R ICfTL, &5 136 EoE BN S -, B4
DO PRI OB TR 53% (72/136) Tdb - 1o hh, HESRTF O S TIE 70%(96/136)
THoTz, i Table WIRE & 5 ICIR(93%., 52/56), HFICITARAE(93%. 43/46)13 4%
U 116~129 BRENCEE S N5 E It W EIE T84 L,

. Table I Time interval between 1U1 and uterlne_l_ayagé. o

B85-99 hours 100114 hours E§5-129 hours 130-145 hours
Dhistribution of the 134 lavages by time interval 4 7 121 4
MNumber of lavages with embrye recovery 0 1 52 3

Number of lavages with blastocyst recovery 0 1 43 2




IVF control cycles: 75 %% TR E @Y L 1= 20E 20 A& sdRic, REko COS 7
AFa—LERAVTEAZE LT, BREOEAZH(Y IR O R THEEIREISTT
bhih -1, EAZEEICL YA 163 @& PCT-A Sfric v nh /s,

Aneuploidy testing:  TableVHUIRT & 5 ICEEHEEAMANZH OESER T 4%, &
NSO TIL 51%, BRI AANSZHBOIEEIE T 20%. FaAzEolEER Tl
1T% EBEEET L e LD LEEEOEY S 7R IBNBIHEOTBEIETI%, HEAF
i @Hﬁéﬂﬁzﬂi 13% t{k&%?ﬂw’fﬁf?ﬁw mWERE A oto

Tabte vi Genetlc analyses af ln vlvo and IVF (contro] group) blastocysts

In vivo blastocysts iYF blastacysts
Data from all Excluding lavage women Pwvatue
lavage cycles with no IVF cycles
‘N (ol eycles) 134 50 20
‘N {cycles with embryo recovery) 56 38 10
;N {women} 8l 20 20
N ({embryos collected and analyzed) 93 65 163
‘Euploid 50 (54%) 35 (54%) 83 (51%)
‘Low-grade mosaic {<40%) 8 {9%) 6 (9%) 22{13%) NS, P = 0.05
‘High-grade or complex mosaic (> 40%) 10{11%) 3(5%) 14 (5%)
‘Aneuploid 18 (19%) 13 (20%) 2B {17%)
-_Complex abnormal, triploid 7 (8%) B {£2%) i6 (10%)

P = povalug .mmpanné genetic résuhs of in vive and WF hlastécﬁu. Na s;gmﬁcant differences were.found aﬁong the values of in vivo and WE bl.mo«.;)'su All statistical tests were
pecfonmed usiag chi- squane anaiysis tf are- hmpsy wai performed on ln vivo blas:ocysts on!y the resu[t of the se(ond b.opsywas uul:zed (Na e beopneswem parrormed on thein -
vito Blascogysts)) - Uc : o o : : : . - .

Embryo morphology:  [EIY L 724650 96 o 5 B, ARHIEBRICM) & 7117
b e&Elh -7 VEEKRC 95 @A Gardner DFETEFHE S 41, TableVIHSART L 12 73.7%
AL — F3BB L EOERBIFRIC, BY 26 3% M EEARIICE Y Firohi, &R
SFE S A SR OB OIS LB L AFER, TableVll - VISR T &£ 5 AR ORE
RTHRICAREERIE -7,

Table Vi1 .l_n vivo versus lVE_blas(oéy:st i_ngrpiaol_qéy __c'qmp_arispns. forall won':len. AR

IYL-PMH (n) IVL-IHE {n} iVF PI* P2
*Good morphology blastocysts {n) 0 (73.7%) 72 (75.8%) 77 (43.3%)
“Poor morphology blastocysts {n} 25 (26.3%} 23 (24.2%) 101 (56.7%) p<0.05 p <005

Total 95t 95 i78

Comparison of good morphology and poor morphology of the In vive lavage (IVL) and IVF blastocysts uslngthe entire IVL blastocyst pcpulauon ; ’ :
4P| = p-valua comparing the grades of the IVL blastocysts (as graded by Punta Mita Hospital; PMH) to the {VF blastorysts. P2 = P value compmng rhe grades of lhe [VL His{ocysls
i(as graded by the in house embryologist: IHE) to the IVF b?asmcysts AJI smusura] tests ped’un'ned usmg chi: squa!e analysm il
“Toual value excluded the non-graded blastocyst {n =1} - : L



" Tahte VIl In ifq'vo ve'r.sus_ I_VF_. rﬁorphqlqu cbmparison in t.he,' same .wdmag_i__' e

IVL-PMH () IYLAHE (1) VF Pt P2’
Good morphology blastocysts (n} 45 (68.1%) 47 (F1.2%) 7 (43.3%)
Poor morphelogy blastocysts (n) 1 {31.9%) 15 (28.8%) 101 {56.7%) P <005 P < 0.05
. TJotal 66 66 178

Companson of good morphofogy and paor morphology VL and IVF blastocysts using L blastocyst data front women who also underweat a lavage cyde e
- *Pl = P value comparing the grades of the IvL bfmocysts as graded by PMH to the IVF blaslocysts. Pl .P value (ompanng the grades of the VL blasmqrsu as g.raded hy the
in-house embryatogise, to the IVF blastoeysts

€ Discussion
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?%Hﬁwm5@®%%%ﬁ“6ﬂh XLy 20 Blo sl 26 Tk 163 {86 o B D
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itﬁmzm%&%% fEE OB iR R @%fiﬁ&ﬁf&étmv#%f%otﬁ
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& Conclusion
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BREIORENEBIFEOFRFNRTH D LI WEFICLEHTE S,
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