The value of anti-Millerian hormone measurement
in the long GnRH agonist protocol:
association with ovarian response

and gonadotrophin dose adjustments
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® aglycoprotein belonging to the transforming growth

factor-b superfamily cateetari9ss)

® In women, produced solely by the ovarian granulosa

cells

low in pn’maryfollicles butincreases to maximallevels
in pre-antraland small antral follicles wp to 6-7 mm

in diameter)

gradually declines as follicles increase further in size

becomes undetectable at a stage where FSH -
dependent follicular growth has been initiated

not expressed in atretic follicles



Initial recruitment

Cyclic recruitment

FSH

b

—

s
|

L]
!

. EEETETETTY 3 ;
=

Primardial
follicle

Small
preantral

Large
preantral

®-
\

Antral
2—7 mm

Antral
B8-12 mm

Preavulatory

TRENDS in Endocrinclagy & Metabolism




® plays a role in the control of follicle growth via

paracrine and autocrine effects

® inhibits the recruitment of resting follicles from

the primordial follicle pool ouringeretal,1999:carisson etal., 2006)

® decreases the sensitivity of small antral follicles

to FSH ouringeretar., 2001)



The serum level of AMH is a marker of the ovarian

reserve

the number of antral_follicles has been shown to

correlate more strongly with serum AMH than with the

serum level of FSH Fanchinetal., 2003a)

AMH appears to be the earliest endocrine marker of

ovarian aging e Vvetetal, 2002)



The serum AMH level shows only minimal fluctuations
during the menstrual cycle wamarcaetal., 2006)

— reflecting the continuous noncyclic growth of pre-antral and
smallantral follicles (independentof FSH)

the serum level of AMH displays a high inter—cycle
Reproducibility
— a single blood sample is sufficient for a reliable assessment of

the ovarian reserve, compared with three measurements for

FSH (Fanchin etal., 2005)



® AMH to be superior to the age of the patient and
measurements of FSH, estradiol and inhibin B on cycle
day 2—3 in predicting oocyte yield in IVF (La Marca et al.,
2010)

® serum AMH levels have been demonstrated to decrease
gradually during the follicular phase in both pituitary -
desensitized GnRH agonist cycles Fanchinetal., 2003b;La Marca et

al,2004)and GnRH antagonist cycles weeetal.,2010)



® retrospective analysis of data derived from a

randomized, active controlled, assessor-blind,

m ulticentre, multinational trial

® patients (n = 731 )undergoing IVF after stimulation with
- H P _h M G (Menopur; Ferring Pharmaceuticals A/S,Copenhagen,Denmark)

- I‘F S H (follitropin alfa, Gonal-F; Merck Serono, Geneva, Switzerland )



Inclusion criteria
—tubal factor infertility

—unexplained infertility
® endometriosis stage I/l
®* mild semen abnorm alities notrequiring ICS|
— Age : 21 ~ 37
—BMI: 18~29 kg/m 2
— FSH within normallimits (1—12 IUA)

— Regular menstrual cycles of 21—35 days which were
presumed to be ovulatory and a willingness to accept

transfer of one ortwo embryos.



® Exclusion criteria
— polycystic ovary syndrome
— endometriosis stage II1AV

— partners with severe male factors requiring IC S|



Patients underwent COS following down regulation with

a GnRH agonistin along protocol

Pituitary suppression (riptorelin acetate, 0.1 mg/Aday
S.C. ) was initiated 5—7 days before the estimated start
of next menses and continued untilthe end of

gonadotrophin administration

Prior to start of ovarian stimulation, the antral follicle
count (AFC; follicles <2 mm )was recorded by TVU of the
ovaries by one or more operators atthe clinics and
follicular development was monitored after 5 days of

treatment and thereafter at least every 2 days



Stimulation with HP-hMG or rFSH was started at a dose
of 225 IU day for the first 5 days and was followed by

individual dose-adjustments according to the patient’s

follicular response as exclusively measured by TVU.

The daily dose could either be increased or decreased
by 75 IU per adjustment and notchanged more
frequently than every fourth day.

Recombinant hCG (choriongonadotrophin alfa, O vitrelle;
Merck Serono ), 250 mg S.C.,was used to induce final
follicular maturation when =3 follicles of 217 mm in
diameter were observed and was administered 36+2 h

before planned oocyte retrieval.



® The target for the ovarian stimulation was setto be 7—15

oocytes
—reasonable chances (25% )of pregnancy

—the risk of developing moderate severe
ovarian hyperstimulation syndrome (OHSS )is

low in patients with <is ooCytes @arceetal,2005)
® Cycle cancellation :
—atthe day of hCG administration were either

® inability to reach the hC G criterion, or

® 525 follicles with a diameterof 210 mm



®* A top—quality embryo (TQE )was defined as

— 4~5 cells on Day 2,

— 27 cells on Day 3,equally-sized blastomeres
and 220% fragmentation on Day 3 and no
m ultinucleation

® The transfer of one ortwo embryos was done on Day 3

after oocyte retrieval



® Vaginal progesterone gelof 90 mg/Mday 8%

— for luteal support
—from the day of embryo transfer

—until the confirmation of clinical pregnancy (-
6 weeks afterembryo transfer)or negative
serum hCG test (13—15 days afterembryo
transfer)



Blood samples forAMH :Days 1 ,6 and the last day of

stimulation, the day of oocyte retrieval.
Day 1 : before the start of gonadotrophin adm inistration

Day 6 and last stimulation day: atleast 8 h after the

previous gonadotrophin dose.
Centrifuged : 10O min, 1800g.

Stored :at -18C orcolder atthe clinic fora maximum of
2 weeks before transferto -/0C and subsequent

analysis ata centrallaboratory.

The sera were only thawed once.



patients who had oocyte retrieval.

Fluid was collected from one follicle of 217 mm from

which an oocyte was retrieved.

Fluid was preferably collected from the first follicle
aspirated and from follicles where flushing had not been

performed.
Centrifuged : 10 min, 1000g .

Fluids that were found to be contaminated by RBC or

flushing medium were notincluded.



and FF

Serum and FF AMH analysis was performed batch wise
in a single laboratory (hormone laboratory at Universitair

Ziekenhuis, Brussels )to minimize variability

AMH was measured with the Immunotech Beckman
Coulter AMH ELISA kit (A11893)

The intra-assay and inter-assay coefficients of variation

were ,9.5%
Functional sensitivity of the assay was 2.5 pmol/

(1 ng/ml=7.14pmolA)



and FF

¥
® Serum was analysed for other endocrine variables by a

centrallaboratory using

—electrochemiluminescence immunoassays
®* FSH,LH,hCG

—chemiluminescentimmunometric assays

® estradiol, progesterone, SHBG

—radioimmunoassays

® androstenedione, total testosterone



and FF

The sensitivity [and total imprecision (coefficient of

variation, CV )]of the validated analytical methods were

as

follows

FSH ,0.1 IUA (,6% ),

LH ,0.1 IUA(G6% ),

hCG ,0.1 IUA (8% ),

estradiol 55 pmolA (10% ),
Progesterone 0.6 nmolA (,8% ),
SHBG 0.02 nmolA (10% ),
Androstenedione 0.08 nmolA (10% )

Total testosterone 0.17 nmolA (5% )




The sensitivity (and tota
follow s:

— FSH ,0.1 IUA (5% ),

— LH 0.1 IUA (5% ),

— hCG ,0.1 IU/A (,8% ),

— estradiol 18 pmolA (,(5% ),

— Progesterone 0.095 nmolA (5% ),

— SHBG 0.35nmolA (,(5% ),

nd FF

|m preC|S|on

— Androstenedione O0.13 nmolA (12% ),

— total testosterone 0.1 nmolA (,8% ),

— cortisol 20 nmolA (,8% ),
— cortisone 4 nmolA (10% ),
— inhibin A 1.0 ngA 9% ),

— VEGF ,9.0 ngA (7% )

— IGF-1 0.105 nmolA (10% )

CV )were as
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® 731 patients who initiated CO S

— 623 patients had serum AMH measurements

on stimulation day 1
® 314 patients treated with HP -hM G

® 309 patients treated with rFSH



Table | Patient demographics, baseline characteristics and serum endocrine concentrations at the start of the
stimulation.

Wariable All* (n= 623) HP-hMG* (n = 314) rFSH® (n = 309)
Baseline
Age (years), mean (SD) 308 (3.3) 308 (3.3) 30B(34)
Wieight (kg), mean (5D) 621 (B.4) &1E (B.5) &1.3 (B.3)
BMI (kg/m®), mean (S0) 223 (1.8) 215 (1.7) 22.1 (1.6)
Dwration of infertility (years), mean (5D) 3.9 (22) 3% (23) 3% (13)
Prirary cause of infertilicy
Tubal infertility, n (%) 213 (34%) 116 (37%) 97 (31%)
Mild rale factor, n (%) 59 (9%) 29 (9%) 30 (10%)
Other (incl. endometriosis 111), n (%) 85 (10%) 31 (0% 34 (11%)
Unexplained infertiliy, n (3) 2B6 (46%) 138 (44%) 148 (4B%)
Duration of GnRH agonist before the start of stimulation (days) 15,1 (4.0) 15.1 (4.1} 15.1 (3.9)
Day | of stimulation
Mean ovarian volume (mil) 43(30,59) 44 (3.1,59) 43 (19,59
AFC 10 (7, 14) 10 (7, 14) 10 (7, 14)
21-29 years 17, 16); n=209 11 (8, 16);n=105 10 (7, 16); n= 104
30~ 34 years 107, 14);n=316 (7, 14;n=165 10 (7, 14); n= 151
35=37 years 10 (7, 14y, n =94 10 (7, 14, n=42 97 14, n=52
FSH (IL/1) 37(29.4.7) 37(29.47) 3B (3.0, 47)
LH (IL/1) 1.9 (1.4,2.7) 1B (1.3, 27) 20 (1.5, 18)
Progesterone (nmal/l) 1.2 (09, 1.5) 1.2 (09, 1.5) 1.1 (09, 1.5)
Androstenedione (nmol /1) 41 (3.1,5.4) 43 (3.1, 5.5) 3930 5.1)
Total testosterone (nmol /1) 06 (0509 0.6 (05 09) 04 (04, 0.8)
SHBG (nmal/l) 55 (42, 71) 56 (40, 72) 55 (42, 89)
Free androgen index 1.1 {07, 1.7) 1.2 (0B, 1.B) 1.1 (0.7, L.7)
AMH (pmald/l) 26.0 (16.8, 37.4) 255 (17.2, 36.1) 26.6 (164, 37.9)
21 =29 years 30.7 (20.1, 4B, n =210 307 (207, 46.6);n= 106  30.7 (187, 41.4); n= 104
30— 34 years 250 (163,372, n=317 243 (163, 340)n= 165 265164 389 n= 152
35— 37 years 19.0 (11.9, 27.9); n =96 197 (133, 279, n=43 1B.4 (1.5 27.9); n= 53

*Patients with AMH measurement at the start of stimulation.
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stimu

Correlation :

—Negative :between serum AMH atthe start of
the stimulation /age ( = -0.25)

— Positively : AFC (r = 0.35, P <0.001)
—Weak :

® age /AFC (r= -0.08, P = 0.046)

e r <0.15)atthe start of the stimulation between
Serum AMH and serum concentrations of FSH,
LH, estradiol, progesterone, androstenedione,

SHBG, total testosterone and free androgen index.



The serum AMH concentration decreased gradually
during COS and showed similardynamic changes in
both treatment groups, although a significantly (P ,

0.001 )larger reduction was noted during stimulation with
rESH than with HP -hM G .



stimu

® The median AMH IQR )concentrationwas decreased

—In the rFSH group,
® 30% to 18.6 (12.8,27.5)pmolAon Day 6 of

stimulation

®55% to 11.9 8.1,16.9)pmolAon the lastday of

stimulation

— In the HP-hM G group
®*16% to 21.4 (14.9,32.7)pmolAon Day 6

®46% to 13.7 (10.3,19.6)pmolAon the lastday of
stimulation in the HP-hM G group.



.

Dayl ,Day 6 andShtlmt

—HP-hMG group:r =0.91 and 0.82

—rFSH group:r =0.93 and 0.84

The magnitude of the decreases in serum AMH from
baseline to stimulation day 6 as wellas during the whole
stimulation period was correlated (P < 0.001 )with the
number of follicles 210 mm on Day 6 and on the last
stimulation day

—HP-hMG group:r= 0.33 and 0.51
—rFSH group:r = 0.38 and 0.57



i AMH concentrations atthe start of stimulation

—Serum estradioland androstenedione on Day
6 (P ,0.001)
®* HP hM G group:r = 0.38 and 0.31, respectively

*rFSH group:r =0.58 and 0.34, respectively

—the last stimulation day and on the day of
oocyte retrievalrespectively, of serum
estradiol

®* HP -hM G group:r = 0.45 and 0.49, respectively

®*rFSH group:r = 0.55and 0.53, respectively



endocCr
—HP-hMG group:r
O0.52.,respectively;

0.50 and

—rFSH group:r=0.49 and 0.49, respectively),
® total testosterone
—HP-HhMG group:r = 0.40 and 0.44,
respectively;
—rFSH group:r % 0.36 and 0.39, respectively)

® The serum progesterone concentration

—atoocyte retrieval was also significantly (P ,
0.001 )correlated with serum AMH measured
atthe start of the stimulation

* HP-+hMG aroupr =0 A9 rFSSH aroup-r =0 50)



i Correlations between serum AMH at the start of the
stimulation and all other endocrine variables in serum
measured on Day 6 or atthe end of the stimulation were

* <0.30.

® Similar relationships between AMH and endocrine
variableswere observed when using AMH concentrations
on Day 6 or atthe end of stimulation instead of AMH at

the start of the stimulation



The median IQR )number of oocytes retrieved was

significantly (P, 0.001 )higher in the rFSH group
compared with the HP-hMG group:11 (8,16 )versus 9
(6,13).

The serum concentrations of AMH on stimulation days 1,
6 and lastday were all significantly (P , 0.001 )positively
correlated with the number of oocytes retrieved. In both
treatment groups, the correlations were stronger for
basal AMH HP-hMG:r = 0.48;rFSH:r = 0.62)than for
AMH on Day

6 HP - hMG:r=0.42;rFSH:r = 0.58)or AMH on the last
day

HP-MG:r=0.35;rFSH:r =0.48)



® Lorem ipsum dolor sitamet, consectetuer adipiscing elit.

Vivamus et magna. Fusce sed sem sed magna suscipit

egestas.

® Lorem ipsum dolor sitamet, consectetuer adipiscing elit.
Vivamus et magna. Fusce sed sem sed magna suscipit

egestas.



The lower decline in serum AMH and the higher AMH
concentration in FF at oocyte retrievalin the HP hM G
group compared with the rFSH group can be readily
explained by the less pronounced follicle growth
observed during the initial stimulation and the lower
number of follicles/oocytes retrieved after stimulation
with HP -hM G



The stronger correlation between serum AMH atthe start

of the stimulation and the serum estradiol concentration
on stimulation day 6 in the rFSH group compared with
the HP hM G group may reflect the early estrogenization

of a larger fraction of follicles recruited in the rFSH group
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Figure | ROC curve analysis showing the predictive value of serum AMH at the start of the stimulation for the estimation of number of cocytes at
retrieval below (<7) (A) and above (> 15) the target (B) after COS in patients treated with HP-hMG or rPSH in the long GnRH agonist protocol. The
diagonal line is the reference line of no discrimination (AUC = 0.5). Cut-off values for response below the target were 2 1.2 pmol/| for HP-hMG (sens.
66.7%, spec. 75.2%) and 16.4 pmol/1 for rFSH (sens. B1.0%, spec. BB.3%). The cut-off values for response above the target were 29.8 pmol /| for
HP-hMG (sens. 73.3%, spec. 67.0%) and 29.5 pmol/| for rFSH (sens. 82.5%, spec. 70.4%).



Table Il Baseline, stimulation and outcome variables grouped by AMH quartiles at the start of the stimulation.

Wariable AMH quartiles
<P15" P15-P50° >P50-PT5 =P75° Fevalue  Povalue
........................................................................................................................................................................................ (AMH) )
Al HP-hMG rFSH Adl HP-hMG rFSH Adl HP-hMG rFSH Adl HP-hMG rFSH
(n=155)  (n=T73) {n = 81) in =156y  (n=86) {n=T70) in=157)  (n=T7%) (n=T78) in=155) (o =78) n =79

Serurn AMH at the start of stimulation (pmol AT

Mean 124 135 12.1 213 22 214 317 k1T 3132 503 503 503

lal} (101, 153) (104, 15.4) (9.3, 148) (185 138 (188233 (183,237 (28, 343) (247 318 (289,351} 410,60 (423, 610} (409, 60.2)
Age (years) JL0(Le ;2033 3835 30833 :WEE 30132 WE(EY IEAD 303 (15 ®IEM 29929 300 (L1) <0O0E  095e
AFCT 7 (5 10 7511} 749 107 14) 10 (7. 13} 127, 14 I e 11 {8, 18} 118, 16} 148, 13) 12 (8, 20) 118, 16} <OIE  086°

FSH at the startof stirubagon. 4030, 51) 16 (30,50) 42(30.57) 38(3048) 403248 34 (30,44 AT(LL 48 37(il. 44 3F(30.47) 342744 32(1644) 36(28 44) 0084  03me
[Ty

Diose adjustment on stimulation <003" 003"
dy &
Dacrmase, n (B) (1 11} 11} 74 405 34 10 (8) & (#) 4 (5) 37 (24) 1317} 24 (30}
Mo changs, n (%) 75 (48 34 (40} 4| (50} |04 (67} 56 (65} 8 (69) 123 (78) 55 (70 &8 (87 04 (67} 55(72) 49 (2}
Inerease, n (%) 78 (50 38 (52) EE 45 (2 (30} 19 (27} 24 (15} 18 (23 & () 14 3y iy &(8)
Gonadotraphin dose on 262 (40) 3 (40 26| (40 243 (39) 244 (40 242(39) 1234 136 (40) T[T 214 (42 . e v 208 (43) <0OXE Q04T
strulation day & (L)
Mumnber o treatment days 1224 115 (26) 109 (2.1 162 {15) 10l {18 103 {1 5y 102 (1.4 1605 (1.5) 99(12) 94 (1.5) 16 {1.5) 97 (15 <QO0E 00428
Total gonadatroshin dose (L 2674 (942) 275 (1023 IPE3 (B0} 2452 (578) M3 (620 2476 (S26) 2341 (867) 2452 (5%4) I09(325) 2130 (424) 2199 (43) 2063 (406) <0008 00258
Cyde canceled
Poor meponse, n (%) 13 (8) T(m &(7) (1) (B 0 {1y 11y [ 30 ] o (0 0 (%) 00 B T T Rl
High response, n (8) o (B o) 0(0) {1y 0 (0 (1) {1y o (B 1l 7(5 34 4(5) <0oe™ 027"
Early OHES (moderate)/ severs), 0 () 00 0% 0 (0) 0 (% 0% {1} 11y o 75 34 4(5) <0o"  o9E"
n {%)
Clocytes retrieved (OF)
Mean & & & ] 4 1 12 I 13 14 Iz 15 =000 <000
QR 15, 9 #9) 3.9} .12 @y @13 18 14 .15} (.18 (1o, 18) 3. 16) {11, 20
According to target <003"  <00s"
Bedow target | <7 ooopies), 92 (60) 45 (&3) 47 (57} 32420y 2 (26) 114 18 (12} 1723 1 {1y & (4 & (8) 0 (%)
n (%)
Within target (75 &0 (39 B (36) 34 (41} 109 (70 57 (66} 52(74) 93 (80} 48 (&) 45 (58 #3 (55) 44 (&1} 37 (48}
ondytes), n (%)
Ao target | = 15 oocytes), 2 (1) {1} (1) 15 (10} 7 aqlly 45 () 14 (18 3140 &3 (41) 23 31) 40(52)
n (%)
TOE 04 (0.9) 0.5 (0.9 a7 (.o 09(13) 10 11y ag {15} 11 {18 T 1217} |4 (1) 1523 13 (20 <0001F  0A308
TOEOR (%) 46149 4.4 (l6.5) a8 (13.5) 95(132) 109 (135) 78 (12n 23(11%) 99(I125) 86(l1.3) 1.2 (1 5.0) 115 (173) a4(121) 0.2%° 0048
Ongoing pregrancy, n (%) 2919 (1D 2 (24) 52(33)  (30) 6 (37) 39 (25) 26 (3%) 13017 4| (26) 25 (33) 16 (2 715" 03
* | 6.8 pmol/L.

516.8-26.0 pmol/L.
6.1 —37.4 pmol/L.
4= 37 4 pmol /.
“Median (IQR).
‘Mean (5D).
EAMCONA,
"Logistic regression.
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Figure 2 ROC curve analysis showing the predictive value of serum AMH at the start of the stimulation for the need for a ponadotrophin-dose
increase (A) or decrease (B) on stimulation day 6 in patients treated with HP-hMG or rFSH in the long GnRH agonist protocol. All patients had
received starting doses of 225 |U/day for the first 5 days. The diagonal line is the reference line of no discrimination (AUC = 0.5). Cut-off values
for increased dose were 23.0 pmol/l for HP-hMG (sens. 67.8%, spec. 67.1%) and 21.4 pmol/] for rFSH (sens. 74.6%, spec. 73.6%). The cut-off
values for decreased dose were 32.4 pmol/| for HP-hMG (sens. 70.8%, spec. 72.6%) and 37.4 pmol/| for rF5H (sens. 75.0%, spec. B0.7%).
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Figure 3 ROC curve analysis showing the predictive value of serum
AMH at the start of the stimulation for ongoing pregnancy in patients
treated with HP-hMG or rF5H in the long agonist protocol. The diag-
onal line is the reference line of no discrimination (AUC = 0.5).
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