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Figure 1. Structure of GnRH antagonist of the 3rd generation, cetrorelix anf ganirelix, compared with GnRH itself
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Figure 2. Pharmacokinetic characteristics of GnRH antagonist, compared to GnRH-a
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Figure 3. Controlled ovarian hyperstimulation with gonadotropins and GnRH antagonist : multiple dose protocol and

single dose protocol
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Table 1. Comparison of ovarian stimulation results and pregnancy outcome between GnRH antagonist multiple dose

protocol (MDP) and GnRH-a long protocol (LP)

Total dose of Gn SE;TrL;It?(t)ir? n anzg)gl];gtl'x E2on HCG day ClI. preg. rate (%)

Phase 111 European Cetrorelix Study Group (2000)

GnRH-ant MDP 23.6+85 10.6£2.3 57+2.3 16251836 223

GnRH-aLP 25.6+7.6 11.4+1.8 26.6+3.2 2082+1049 259

Pahse 111 European Orgalutran Study Group (2000)

GnRH-ant MDP 1500 1U 9 (6~18) 5 (2~14) 1190 20.3

GnRH-a LP 1800 IU 10 (6~19) 26 (18~44) 1700 25.7

Pahse 111 North American Ganirelix Study Group (2001)

GnRH-ant MDP 1800 1IU 8 4(2~14) 2001 35.4

GnRH-aLP 2025 1U 10 22 (16~28) 2768 384

Phase |1l European & Middle East Orgalutran Study Group (2001)

GnRH-ant MPD 1350 IU 9(6~14) 5(2~10) 1090 31.0

GnRH-a LP 1800 1U 11 (7~16) 26 (16~41) 1370 33.9

Kim et al (2002) Prospective, randomized study

GnRH-ant MDP 31.7£8.7 amp 89t1.6 44+23 NA 28.6

GnRH-aLP 37.2+9.6 10.7+1.8 26.7t4.3 NA 345

Femke et al (2003) Prospective, randomized study

GnRH-ant MPD 1350 IU 9 (6~14) NA 2555 nmol/L 16.7

GnRH-aLP 1650 1U 11 (7~15) NA 3407 nmol/L 17.8
oA A o= frelsHl A Aow ol A7E AFEE] ol 1001d HEE B
EFTE (Table 2). HCG Foldoll S4€ I 24 FAES YO E GnRH-a A7 89S 0|83 1}
FEX 557} 1.0 ng/ml o] 2 el 27] A HIgH =5 S $kel W GnRH antagonistE A&
sh A4S SAERE Sl S a EolA § 3 Aol flld et whekA GnRH anta-
oA ehgheh WS4 4% O 4 R gonist® o7 Thldkee] BY o] flsh 2
T4 Gk 5= Tl 9lojA= GnRH antagonist Tt 2 N AT A 2YAE 7S
SR Tol A Bzl vs) BAMOR feldk  Fa o] FRE A%How U 2U0 AR
A2 7F A%, w13 A3 E Gl 5 G & FHske], 2000:d 195H 2003d 1297141 €]
TAE, 1, 2 el sBE= FEe wjore] ¢, ul AT A oA EAE Boltiy A=
of o145l Wlole] 7, BAH Wlole] B GiRH  B9] & Fol g3} o]9] Fol 7|7k o] &
antagonist CFs|Foltoll A 1 =7} thAa Aot T B A ek 5AsA GnRH antagonist T3] 5
A ol itk AleFre A Al el A GnRH-a 7] 8ol Hlall SAISH o=
2 GnRH antagonist T}3]Fof<e] 7-9- 286%= frofstAl AE Ao vepstth, 2Rk AHE
ol 2] 345%0] Blske] tha w2 Aow 1 Wb, At dA) e 22 Ao Ay
Epstout SAISH frolde fISIH (Table 2). #12+ © T 2Rt HE] AfeolE HolA| gkom ¢4
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Table 2. Comparison of IVF results and pregnancy outcome between GnRH antagonist multiple dose protocol (MDP)
group and GnRH-a long protocol (LP) group (¢] 5, 2003) (2000. 1-2002. 9)

GnRH antagonist MDP group GnRHaLPgroup  pvalue

No. of patients 28 29
No. of cycles 28 29
No. of gonadotropin ampules 31.7+8.7 37.2+9.6 0.026
Duration of gonadotropin administration (days) 8.9+1.61 10.7£1.8 0.0008

No. of patients with serum p=.0 ng/ml

on the day of hCG injection 0 0 NS
No. of oocytes retrieved 7.81£2.6 8.4t2.8 NS
No. of mature oocytes 41%15 6.1t1.8 <0.01
No. of oocytes fertilized 38t14 5.6t1.7 <0.01
No. of grade I/l embryos 1.8+1.0 26x1.2 NS
Clinical pregnancy rate / cycle (%) 28.6 34.5 NS
Multiple pregnancy rate /clinical pregnancy (%) 3.6 6.9 NS
Miscarriage rate / clinical pregnancy (%) 3.6 3.4 NS

“\Alues are mean + S.D., NS: not significant

Table 3. Comparison of IVF results and pregnancy outcome between GnRH antagonist multiple dose protocol (MDP)
group and GnRH-a long protocol (LP) group (%! -5, unpublished data) (2000. 1-2003. 12)

GnRH antagonist MDP group GnRHaLPgroup  pvalue

No. of cycles 102 137
Total amount of gonadotropin (1U) 2213.2+403.7 2842.71£563.4 <0.001
Duration of gonadotropin administration (days) 9.2+1.6 10.9+2.2 <0.001
No. of patients with serum p=1.0 ng/ml 0 0 NS

on the day of hCG injection
No. of oocytes retrieved 8.6+3.1 8.81t34 NS
No. of mature oocytes 6.01£2.0 6.2£1.9 NS
No. of grade I/ll embryos 3.3%1.2 29+1.1 NS
Clinical pregnancy rate / cycle (%) 33.3 34.3 NS
Multiple pregnancy rate /clinical pregnancy (%) 11.8 10.6 NS
Miscarriage rate / clinical pregnancy (%) 59 8.5 NS
“\Aalues are mean + S.D., NS: not significant
YAEE 717t B3%S UI%E FASIT (Table 2 HE /I FolFAE BAT A5 A
3). of e AAe] AT ATHs GrRH antagonist T R PAES DS & gl ES FuRFEel
EFe S s & AR Ae7hA] 2t g g ks 2lE AARRITE 20031 Shapirof= 4]
vl el 9] "gold standard"= AbE] Frol 2ol FAg AsE et v = 1= Aol
GnRH-a 7] 8ol Hlg] HL& ko] Axx=s= 212] GnRH antagonist, Orgalutran #| 3% <1+ 23}
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Figure 4. Soft stimulation protocol using GnRH antagonist
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GnRH-ant MDP with OC vs GnRH-ant MDP without OC vs GnRH-a lowdose LP
(in Low Responders)

v d o[*Pc005 . [ MDP with PreTx OC 14-28d (n=27)__
xx 8 [ xxp 000t . [] MOP without OC (n=27)__
= wx |7 [16nRH-a lowdose LP (n=28)

3000 —12 £ 15
—10 5T e
2000 —1 8 47T Iy
— 6 3 p— - p— [,
1000 — 4 2| A A
5 1} -
0 L= o o
Total dose Duration of No.of No.of No.of 8 No,of
fG timulati oocytes mature fertiized Gradell, Il transferred
orien stimulaton oocytes  oocytes embryos ~ embryos

Figure 5. Comparison of results of COH and I\VF among three groups (2 5, 2005)

" Pretreatment OC + Tailored GnRH-ant MDP with LH add-back *

hMG (rLH)
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| FD > 13 mm |

. Cetrorelix L
GnRH-antagonist MDP-EL 0.125ma/d, for 2d  Cetrorelix, 0.25mg/d
(in Early & Late follicular phase) ﬁ ﬂ ﬂ ﬁ ﬂ ﬂ

| oFSH g
| | | | |

GnRH-antagonist MDP-L

(in Late follicular phase) ﬂ ﬁ ﬂ ﬂ
| "FSH | s
[

GnRH-a luteal LP

<Pretreatment OC for 21d > ‘ rFSH ‘

Triptorelin, 0.1mg/d |

Mens‘rr'ualcgayi/ﬁﬂi i i//i PR SUS PUNE | i/N

hCG
Figure 7. Three COH protocols for PCOS patients (Kim et al, 2004) (2] -5, 2005)
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Figure 8. Comparison of I\VF results among three groups (Kim et al, 2004) (%] -, 2005)
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« insulin sensitizers

* Anti-TNF o agents
« Dopamine agonist

|

If E, <400 pg/ml or

« Somatostatin analogue hMG (rLH) 1 foll=12~13 mm < 4
* hGH GnRH-ant 375 TU/d
» Corticosteroids 0.125mg/d

—_TiYl

INDIVIDUALIZATION /I
foll. diameter |:>
= 13mm hCG or GnRH-a :
foll=18~19mm
OCs 18~24 d, then no
pill for 4~5 d prior to Gn rFSH 75~150 TU/d l
| | | | | | | | | |
I I I I | | | I I I
2 3 4 5 6 7 8 9 10
Figure 9. Optimal GnRH antagonist protocol for PCOS patients
Hed el #9838 TR a3t e Fo= OS2 hFSHE ARl B A9l 5 &%
sl 2=28X%F GnRH antagonist AHE-3} P 2] GnRH antagonlsti‘rE 2N FEE A=
wARE dell adetar g]lajof & FEEk FEEs AR Aol el FusiAl Wil
2t} $-4 GnRH antagonist’} 2], FFEH 02 Wi LHE A& 7}bHo] gom o2 Qs Yl
S} At £4] 42 S v e vk LHe] 23 Aei= es8ld dx g A3 a1l
Aot} AAIE GnRH antagonist7} o] A% B o g e vk S s E&
Agfate] whgo] yojsh= AlFEQ] AEEE AE Ut} o] QJol %= GnRH antagonistS AH&-3F )

(mitoic programming)ell £X] ¢F2 JgS wjF 4
ATHE 7Mdo] itk 1y o]2idl 7S X|X|8}
= Q1EE ] A= A (in vitro)oll A A
Z0]7] wjiEo] o] -8 GnRH antagonist®] 2t
Aol 2oz #-go] & 4 Aol o
d RS mi’i ?’f}EP. B‘Ef?} o] gk Al

5 (potential) <l %X] ‘B%%
Aoz Harg nfp Qi) ofzto]
GnRH antagonistE‘rE TS g 9 A

7b B4 gevkar Bazk AR o}#e GnRH
antagonist AFAJoll 2]k Ao} Algul el st ],
P2 S HjAE o= glom g oL Fo

88k, 7Fsdh Eeshl ARk 85| GnRH

zLALoﬂ

E

antagonist’} T H A FEF k= Blo] nigHE
Aoltk. ti&o] Mg s 93k AdxsEaE

FEA] GE7] 2719 EH] Ael7F GnRH-a ]'7]

SR SRE v, 53] Y] 2719 5L

GnRH-a 7] WAl Hald 52 555 iolﬂ

ek vEo] Wxke] A Aste) FHigh o

= IFE tonic LH &S Hol= PCOS A=
RoJM = 53] oS AHirE A= dixp A 2 o

ofe] o] zjo], Yozl gy} FAH-e] 2ol

olo] &
whelA] A 2F2] GnRH antagonist M
e FB Woke A%How
ott.

GnRH antagonistS ©]-&31 Iujeh-frEAlol=

vl &5 ¥4l A GnRH antagonist o] A]7]
Fo] 829 AAFE= AL u|$ Zo35lth A4}

-0
16\__ LI

9]
Alofl+=

& Aow

:er__

g7ksan Qo o1 gkl sl o)A

-86 -

T dvks AE e = gl Zlolth
DP-EL protocol=}
&l Wrtol 3 A

%3 GnRH antagonist T}3]F<]
57 0.25 mg, Y3|FoAlell= 3 mge] A4



< A9 le Aog AZHn) 12]al GnRH anta-
goniste] Fof A17]9] QloIME AFAAE R
TR A e TS A =alALY,
estradiol #] T o) o] i A4 55

o=
o= Fol NS AHse] Yrk BE ATE

g

Nt

o

===
T

ARk AGAA olE 7]

3 Ao Al

p

ol ol 7bg A7

)
S ML fN olN

;g

F
:

£Q
rr

o e o
Fol 924% Ba

GnRH antagonist -5

3= Ao
2 B3y v e, ek GnRH antagonist o1
Lo}t Fof A7IE AAstel o] AL V]
TR | R Bl Al B AAPR
a7F g Ee] ehEAor FHEojo} & Folt},
o HA FujghiLol oigh FAke] ThaA wkg

GHl, AHEEE AdAEEER A T

p

KR

o

o]

k1 o

o

GnRH antagonist protocol2 7 AHak-g-
AQkStolL} PCOS SAFES $alx
ge g e 83 g =
12 A%+ GnRH antagonist proto-
AREEE7] ElA olell tigk
2 3= Hol% GnRH-a %
A meskaL 59
ok & o] o R AZFETE g S
o] AREE7] AJZReE A k] Qe A eFe
ol W &4 FRtar A7s) ot

°f Itk

O

)

o

a

AdE, AslE, AHE
Aol 210 GnRH
M3} GnRH agonist &7] &
ghak8lE] 2] 2003; 46(6):

antagonist T}3] %
Heol HaAT
1202-8.

o Al
A=Al GnRH antagonistE
o] Z879. oighhe-aks] A 2005; 48(3):
716-25.

zq;gsé, AAZF o]dko}

[}

ofol

: . 45, U

-87-

o 354 GnRH antagonistE

& Al A JPA A=A 9

A, o gka-8t3] %] 2005; 48(4): 987-95.

Albano C, Felberbaum RE, Smitw J, Riethmuller-
Winzen H, Engel J. Diedrich K, et al. Ovarian sit-
mulation with HMG: results of a prospective ran-
domized phase Il European study comparing the
luteinzing hormone-releasing hormone (LHRH)-
antagonist cetrorelix and the LHRH-agonist buse-
relin. European Cetrorelix Study Group. Hum
Reprod 2000; 15: 526-31.

Akman MA, Erden HF, Tosun SB, Bayazit N, Aksoy E,
Bahceci M. Comparison of agonistic flare-up pro-
tocol and antagonistic multiple dose protocol in
ovarian stimulation of poor responders: results of a
prospective randomized trial. Hum Reprod 2001;
16(5): 868-70.

Al-Inany H, Aboulghar M. GnRH antagonist in assi-
sted reproduction: a Cochrane review. Hum Re-
prod 2002; 17: 874-85.

Bracero N, Jurema M, Vlahos N, Kolp L, Garcia J.
Polycystic ovarian syndrome (PCOS) patients have
a favorable response to ganirelix acetate during
controlled ovarian hyperstimulation (COH) for in
vitro fertilization(IVF)-embryo transfer (ET). Fertil
Steril 2002; 78(suppl 3): S149-50.

Cheung LP, Lam PM, Lok IH, Chiu TTY, Yeung SY,
Tjer CC, et al. GnRH antagonist versus long
GnRH agonist protocol in poor responders under-
going IVF: a randomized controlled trial. Hum
Reprod 2005; 20(3): 616-21.

Copperman AB. Antagonists in poor-responder patients.
Fertil Steil 2003; 80(suppl 1): S16-24.

Craft I, Gorgy A, Hill J, Menon D, Podsiadly B. Will
GnRH antagonists provide new hope for patients
considered "difficult responders"” to GnRH agonist



protocols ? Hum Reprod 1999; 14: 2959-62.

Dadson WC, Hughes CL, Yancy SE, Haney AF. Clinical
characteristics of ovulation induction with human
menopausal gonadotropins with and without leu-
prolide acetate in polycystic ovary syndrome. Fertil
Steril 1989; 52: 915-8.

Daya S. Gonodotrophin-releasing hormone agonists
protocols for pituitary desensitization in vitro fer-
tilization and gamete intrafallopisn transfer cycles.
Cochrane Database Syst Rev 2000; 2: CD001299.

Diedrich K, Diedrich C, Santos E, Zoll C, al-Hasani S,
Reissmann T, et al. Suppression of the endogenous
luteinzing hormone surge by the gonadotrophin-
releasing hormone antagonist cetrorelix during
ovarian stimulation. Hum Reprod 1994; 9: 788 -91.

Elkind-Hirsch KE, Webster BW, Brown C, Vernon MW.
Concurrent Antagon and Follistim therapy for
ovulation induction in women with polycystic
ovary syndrome (PCOS). Fertil Steril 2003; 79:
603-7.

European Orgalutran Study. Treatment with the gona-
dotrophin-releasing hormone antagonist ganirelix
in women undergoing ovarian stimulation wiht
recombinant follicle stimulating hormone is effec-
tive, safe and convenient: results of a controlled,
randomized, multicentre trial. Hum Reprod 2000;
15: 1490-8.

European-Middle East Orgalutran Study Group. Com-
parable clinical outcome using the GnRH anta-
gonist ganirelix or a long protocol of the GnRH
agonist triptorelin for the prevention of premature
LH surges in women undergoing ovarian stumu-
lation. Hum Reprod 2001; 16: 644-51.

Felberbaum RE, Reissmann T, Kupker W, Bauer O,
al-Hasani S, Diedrich C, et al. Preserved pituitary
response under ovarian stimulation with HMG and
GnRH antagonist (Cetrorelix) in women with tubal
infertility. Eur J Obstet Gynecol Reprod Biol 1995;
61: 151-5.

Flemming R, Haxton MJ, Hamilton MP, MacCune GS,
Black WP, MacNaughton MC, et al. Successful

-88 -

treatment of infertile women with oligomenorrhea
using a combination of LHRH agonist and exoge-
neous gonadotrophins. Br J Obstet Gynaecol 1985;
92: 369-73.

Fluker M, Grifo J, Leader A, Levy M, Meldrum D,
Muasher SJ, et al. Efficacy and safety of ganirelix
acetate versus leuprolide acetate in women under-
going controlled ovarian hyperstimulation. Fertil
Steril 2001; 75: 38-45.

Griesinger G, Schultze-Mosgau A, Dafopoulos K, Schr-
oeder A, Schroer A, von Otte S, et al. Recombinant
luteinizing hormone supplementation to recombi-
nant follicle-stimulating hormone induced ovarian
hyperstimulation in the GnRH-antagonist multiple-
dose protocol. Hum Reprod 2005; 20(5): 1200-6.

Hernandez ER. Embryo implantation and GnRH anta-
gonists: embryo implatation: the Rubicon for GnRH
antagonists. Hum Reprod 2000; 15: 1211-6.

Homburg R, Levy T, Berkovitz D, Farchi J, Feldberg D,
Ashkenazi J, et al. Gonadotropin-releasing hormone
agonist reduces the miscarriage rate for pregna-
ncies achieved in women with polycystic ovary
syndrome. Fertil Steril 1993; 59: 527-31.

Hughes EG, Fedorkow DM, Daya S, Sagle MA, Van de
Koppel P, Collins JA. The routine use of gonodo-
trophin-releasing hormone agonists prior to in vitro
fertilization and gamete intrafallopian transfer: a
meta analysis of randomized controlled trials.
Fertil Steril 1992; 58(5): 888-96.

Hwang JL, Seow KM, Lin YH, Huang LW, Hsieh BC,
Tsai YL, et al. Ovarian stimulation by concomitant
administration of cetrorelix acetate and HMG follo-
wing Diane-35 pre-treatment for patients with poly-
cystic ovary syndrome: a prospective randomized
study. Hum Reprod 2004; 19: 1993-2000.

Kim CH, Lee YJ, Hong SH, Nah HY, Kim SH, Chae
HD, et al. Efficacy of GnRH antagonist during
early and late controlled ovarian hyperstimulation
period in women with polycystic ovary syndrome
undergoing IVF-ET. Hum Reprod 2004; 19 (suppl
1): i104.



Kolibianakis EM, Albano C, Kahn J, Camus M, Tour-
naye H, Van Steirteghem AC, et al. Exposure to
high levels of luteinizing hormone and estradiol in
the early follicular phase of gonadotrophin relea-
sing hormone antagonist cycles is associated with
a reduced chance of pregnancy. Fertil Steril 2003;
79: 873-90.

Ludwig M, Katalinic A, Banz C, Schroder AK, L6ning
M, Weiss JM, et al. Tailoring the GnRH antagonist
cetrorelix acetate to individual patients' needs in
ovarian stimulation for IVF: results of a prospec-
tive, randomized study. Hum Reprod 2002; 17(11):
2842-5.

Mannaerts B, Gordon K. Embryo implantation and
GnRH antagonists: GnRH antagonist do not acti-
vate the GnRH receptor. Hum Reprod 2001; 15:
1882-3.

Nikolettos N, Al-Hasani S, Felberbaum R, Demirel LC,
Kupker W, Montzka P, et al. Gonadotropin-releasing
hormone antagonist protocol: a novel method of
ovarian stimulation in poor responders. Obstet Gy-
necol 2001; 97: 202-7.

Olivennes F, Fanchin R, Bouchard P, de Ziegler D,
Taieb J, Selva J, et al. The single or dual admi-
nistration of the gonadotrophin-releasing hormone
antagonist Cetrorelix in an in vitro fertilization-
embryo transfer program. Fertil Steril 1994; 62:
468-76.

Olivennes F, Alvarez S, Bouchard P, Fanchin R, Salat-
Baroux J, Frydman R. The use of a GnRH anta-
gonist (Cetrorelix) in a single dose protocol in IVF-
embryo transfer: s dose finding study of 3 versus

-89 -

2mg. Hum Reprod 1998; 13: 2411-4.

Olivennes F, Belaisch-Allart J, Emperaire JC, Dechaud
H, Alvarez S, Moreau L, et al. Prospective, rando-
mized, controlled study of in vitro fertilization-
embryo transfer with a single dose of a luteinizing
hormone-releasing hormone (LHRH) antagonist
(Cetrorelix) or a depot formula of an LHRH ago-
nist (triptorelin). Fertil Steril 2000; 73: 314-20.

Olivennes F, Cunha-Filho JS, Fanchin R, Bouchard P,
Frydman R. The use of GnRH antagonists in
ovarian stimulation. Hum Reprod Update 2002;
8(3): 279-90.

Ortmann O, Weiss JM, Diedrich K. Embryo implan-
tation and GnRH antagonist: ovarian actions of
GnRH antagonists Hum. Reprod 2001; 16: 608-11.

Rongieres-Bertrand C, Olivennes F, Righini C, Fanchin
R, Taieb J, Hamamah S, et al. Revival of the
natural cycles in in-vitro fertilization with the use
of a new gonadotrophin-releasing hormone anta-
gonist (Cetrorelix): a pilot study with minimal sti-
mulation. Hum Reprod 1999; 14: 683-8.

Schoolcraft WB, Gardner DK, Lane M, Schlenker T,
Hamilton F, Meldrum DR. Blastocyst culture and
transfer: analysis of results and parameters affec-
ting outcome in two in vitro fertilization program.
Fertil Steril 1999; 72: 604-9.

Shapiro DB. Introduction. Fertil Steril 2003; 80(suppl
1): S1-7.

Tavaniotou A, Smitz J, Bourgain C, Devroey P. Ovula-
tion induction disrupts luteal phase function. Ann
N Y Acad Sci 2001; 943: 55-63.



