Anti-Mullerian hormone (AMH)
as a predictive marker

in assisted reproductive technology
(ART)
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AMH on ovarian physiology

Factors modulating AMH levels in women
Prediction of quantative ovarian response in ART
Prediction of qualitative ovarian response in ART

AMH in ovarian reserve testing

AMH 1n testicular physiology
Value of AMH measurement in infertile men
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Produced by granulosa cells , from pre-antral and antral
follicles

Main role : the inhibition of the early stages of follicular
development .

Reflect the ovarian follicular pool, follicle | — AMH |

Clinical marker of ovarian reserve and response to
gonadotrohpins

Prediction of quantitative and qualitative ovarian response 1n
ART
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Secreted by Sertoli cell , from GA 8wks
Main role: the paracrine control of testicular function.

Detected in both serum and seminal fluid —specific
marker of Sertioli cell function —may obtain information
on spermatogenesis

May use to diagnostic work-up for OAT and azoospermia

May use 1n prediction the successful sperm retrieval in
azoospermia.
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In vitro and in vivo study, primordal —growing follicles became
enhanced in absence of AMH , leading to early exhaustion of the

primordial follicle pool
D W R S A ) DA R A Iy U W B () T b R P .'_



Initial recruitment Cyclic recruitment

FSH

b

AMH —

ninmsmm

TRy 8

@
!

*
@

Primordial  Small Large Antral Antral
follicle  preantral  preantral 2-7 mm 8-12 mm Preovulatory
TRENDS in Endocnneiogy & Metaboksm

Figure | AMH is secreted by pre-antral and antral follicles,

I seems to inhibit initial follicle recruitment and FSH-stimulated follicle growth, The role of AMH in the two main compartments of normal ovarian follicle development
(the red centre represents the cocyte, the gray area represents the granulosa cell layer and the white area represents follicte fluid in the antrum), AMH s expressed in
smizll and large pre-ancrzl follicles (broken arrcws) and in small antral follicles (whole arrow), and the later mainly contributes to serum:levels. Initial recruitment takes
place as a continuous process, whereas cyclic recruitment s driven by a rise in FSH serum levels at the end of a previous menstrual cycle. The inhibitory effects of AMH are
shown (2) on the initial recruitment of primary follicles from the resting primordial follicle pool and (b} on the sensitivity of antral follicles for FSH (reproduced with per-

mission from Broekmans et af., 2008).




Related to estradiol levels in follicular fluid




Undetectable at birth

Increase within 0-4y/o

Keep stable until adult

Decrease to undetectable at menopause

Undetectable 3-5days after bil oophorectomy —solely of
OV origin
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Figure 2 (eft: Mean serum AMH levels show a reduction throughout reproductive life. Undetectable AMH levels after spontaneous menopause
have been reported (constructed graphic). Right: Circulatory pattern of AMH during the menstrual cycle of young healthy women aged |B-324
years. Serum AMHM levels have been shown to be stable throughout the menstrual cycle. Day 0 =day of LM surge (reproduced with permission
from La Marca et al., 2006a).
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* Higher in insulin-R PCOS, and in amenorrheic PCOS

* May be more strongly related to PCO than to the full
spectrum of the syndrome

Prospective, randomized, double blind study (Carlsen, 2009)
* Pt had diet and lifestyle counselling and metformin
* Randomized to either dexamethosone or placebo

°* AMH were unaffected by 6 months in all groups

* Sensitivity: 67% ; specificity : 92%

° If sono data are not available —used as a diagnostic criteria
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FSH ? —induces growth of follicles —lose AMH expression

FSH ? —-E2 1 — down-regulation of AMH and AMHII
mRNA (Baarends , 1995)




Table | Studies on AMH as marker of ovarian response to controlled ovarian stimulation {COS)

Author n R with oocytes® AMH better than i
AFC  Ow.Vol | d3FSH  d3E2  d3inhB  Age
Seifer et of, 2002) ~—~=—— 107 | 048 J J
Van Rooij et ol Q002 ——————=—— i : : J J
Fenchin = a1 (20032, f Higher AMH in D3 —pgreater no. of retrigved oocytes .
¢ Mumesinaeal 2009 5 fold higher with af least 11 oocytes thhn <6 oocytes v
B Hazout e ol (2004) U7 oo v o g o
B | Muttukrishna et o, (2005) 108 03 = | +f
Eldar-Geva (2005) 56 0.64 X J J
Slberstein et ol (2006 257 033 N
| Figicioglu et ol. 2006) 50 0.56 i ) J S
Lekarnge et ol. (2007) 126 034 [ = . .
| s Farss & ol B0 P e AFC and AMH perform similar
Kwee et dl, (2007) o |oes \x\@ver to predict ov response J
Nakhuda et ol. (2007) 77 0.63 ¥,
Mcllveen et ol (2007) B4 078 i f = = if
Melson et o, @007) 340 0.71 o o
| Bigindy et o, (2008) 13 0.88 = | J
Lie Fong et al. (2008) 125 0.47
|ee £t ol. 2008) 59 0.53 %
| layaprakasan et gl (2008) 133 0.47 = | y 4 iy
Wunder et al. (2008) 274 0.35 J X

Comparison with other predictors;
*R with oocytes: correlation batwaan sarum AMH levals and the number of retrieved cocytes; ./, better than; X, worse than, =, equal to,




compared value of AMH and AFC in prediction ovarian
response in [VF

No significant difference




* No. of developed follicle
* No. of retrieved ooctyes
* Cycle cancellation




Table Il Sensitivity and specificity of AMH for the prediction of poor response to gonadotrophin stimulation

Author f Study Cut-off value  Sens{%) Spec(®) Definitlon of poor AMH assay
deslgn FESHOMEE

Van Rool et & (2000 |19 Proso 03 pg! . 85 <4 nooyres Immunatecn—Bateman—
Coulter

Mutruerishng ot gl 6% Prespy 0.1 ng/m B 5> Er sy <4 noopres or canceiation Immonotech—Bedeman—

(200 Cottar

s rsnng at gl 128 Retea D2 nglm 57 &4 =4 oaoyres Immunotech—Becoman—

(PLEELY] Couliar

Tremelsn g al (20055 75 Prosp 8, | pmads B0 &5 =4 onoyies Immnotech—Backman—
Consirar

Perarrcbiaetal {2005) B2 Proso 4 5 mrvals 53# FE" cancelation Immgnatech—Beceman—
Cenciar

Eoner & ol [1006) 141  Proso | &5 ngdm &3 g5 <4 oooves Immunatecn—Baceman—
- T

Fgei

® AMH in prediction of poor repsonse to FSH
" Sensitivity : 41-97 % ; specificity : 41-100%

F'{ﬂ_' = A s L] I. LERR = B [ '.I.ﬁr [Ty e ua _n.l_;rl._J. [BIISTOE N L T B — SR . Ty
-Ea_ e

Emeeny @ gl (2007 B Prasp |4 gt Bl 73 =4 oaoyes Immunatecn—Beceman—
Cenciar

Melvan a ol {2007 B4 Prosp |25 ngdm EE 75 =4 onoves Immunatecn—Beceman—
Cenitar

Kwwee ar gl [2007) 1D Presa 14 pgt T& Be <& DooyEs DCriagrosric Systam
Lanarenaries

e e ar ol (2007 T7 Prosp 035 nglmd 0.1 gl E* cancedatan Disgnestic System
Laha rataries

Leamge ol L00T) |26 Rearrg | 4 mrnl 3 FE: =4 oocyres Immynotech—Beceman—
Cotrar

Malsan ar ol (2007} 48 Prosn 5 mmnald] 75 =1 oaoyres Diagrestic System
Laboraaries

Gnorh &t ol [2008) 131  Prasz | 26 ngamii T 4 =4 naoyres Diagreracc Sysrem
Langraarias

Marda & ol (2008) 165 Predn | D ngifm Br &7 =4 falticeson day 8 of COH - Disgnosric Systam
Leporanories

Jeyamrakasan o &) 135 Prosp 0.59 ng/m 1o FE. =4 pooyes or cancelation - Disgnestic Bysrem

[H00E Laba mararies

o oycke anceiaton derificaton f.:a-':\rf:li: oF correctly cheshed poor e poarder patiets: Aateo, revrcapectve niudy, Prosg, Frospectaos stucy. -
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Figure 3 Sensitivity—specfiicity points for afi studies reporting on
the performance for AMH in the prediction of poor responsa.
Rafarmyce fnms indicate & deseed level for sengrety [075) and specificny
a5},
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Menstrual cycle - Independent marker

Stable and very low inter- and intra-cycle variability

Immunotech-Beckamn Coulter and DSL

Now both produced by a single company
Similar AMH values

Automated system for AMH will be availabe within 2 yrs
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AMH measurement prior to gonadotrophin secretion, may
be useful in the prediction of women at risk for poor-
response or no response to gonadotrophins .

AMH 1s menstrual-independent —a reliable marker of
ovarian reserve , measured independently of the day of the
cycle .
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Mild and moderate : 15-20%

Severe :1-3%

Specific risk factors : young age, low BMI, signs of
PCOS, previous history of OHSS, high E2 on the day
of hCG.

Key to preventing OHSS: recognize the risk factors




Tabie i1l Basal AMH levels in women with normal response, hyper-response to controlled ovarian stimulation (COS}) and

ovarian hyperstimulation syndrome (OHS5)

Author Deslgn
Tremedien o gl (2005 Proso
Edar-eva a gl (2006} Progn
Mahaeda ef ol 206} Retra
La Marca et gl {2007 Prosn
Meisan g ab {2DDT) Presn
Mardo et gl [J00E) Prosp

Mean AMH levels

Hﬁ-muj. msp-ﬁ-r:ﬂe

| 54T ol

I4. | smais
Q.63 ng/mi
5.98 ng/mi
10 pmialf]

304 ngFmid

s i ot

Il 53 -cmalit
37 B pmini /T
3brngimi
PO 13 g
PIE. T
556 ng/mi”

Feproe nebrospactive. shudy, Fros: pirospective st dy.
YExcesove response = B oooeres metrieeed
SEvcegsies response i 220 oocyies reviened
FEmrmmiem resporme 2 M oocyies retmeved.

S I3 ;
Exceeove mespones i 22| oocyies retieeed




Table IV AMH cut-off values for the pradiﬂiun of hyper-response to CO5 and OHS55

Author n Seudy design Cut-off value Senslthvity (%) Spedficity (%) Predictlon of Prediction
hyper-response of OHSS
Kwvae of &l (2007 [1D Prosa Smeg/ 53 71 i
Mesan et gl 200T) 340 Pmsp 15 pmol &0 547 T
Lee ar &, (2006 152 Pmsn 336 ngim S5 El.3 )
Mardo a o) (2008 |65  Pmsn 35ng/m BB Fli] o

Frosg orospecTve sTudy

Excecoive inesnonse i 2 Xl inocymes netreved.
S Encsmmves regponse 22| pocytes neneve
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°* AMH in follicular fluid : 3times higher in small than in
large follicles

* Positive correlation with the no. of early antral follicles on
D3, growing follicles on the day of hCG and oocytes
retrieved
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Embryo implantation , clinical pregnancy and ongoing
pregnancy rate increase dramatically from the low to the
high follicular fluid AMH groups.

AMH 1n follicular fluid may be an additional factor in the
selection of the oocyte .

~N N

AMH 1n follicular fluid were significantly increased who
became pregnant in the respective IVF/ ICSI tx cycle.




Implantation rate, but not pregnancy rate, was higher in the group
with high basal AMH levels.

Lack of correlation between serum AMH and embryo
morphology and aneuploidy rate .




Low serum AMH levels yielded fewer ooctyes and generated
fewer embryos

Higher pregnancy rate with high basal AMH levels
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® Basal AMH does not seem to predict pregnancy or non-pregnancy ,
but simply enables pts to be identified as being at a low or high

probability of pregnancy after IVF.







To counsel the pts about the risk/benefit of the tx
To reduce the cost by denying tx to bad prognosis couples
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Accuracy of AMH for poor response— false positive rate
10-20% — should not use AMH to exclude pts from IVF.

The added value of AMH to age in the i1dentification of
poor response may be lower than expected.

Basal AMH < 0.7ng/ml — live birth rate : 15%

Serum AMH < 0.1-0.35ng/ml —very high risk for cycle
cancellation , very poor prognosis — should refuse tx .

Age alone would 1dentify the majority of women whorwillis
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AMH and Testosterone serum levels throughout life

Figure 5 Profiles of serum AMH and testosterone (T) in the male.

AMH is not down-regulated by testostercne during fetal life and in the first
months after birth due to the lack of expression of the androgen recepror in
Sertoli cells. The physiological androgen insensitivity of fetal and neonatal
Sertoli cells explains, thus, the transient coexistence of high concentrations
of androgens and AMH. During puberal development AMH expression falls
coincidently with the increase in androgen secretion by Leydig cells (repro-
duced with permission from Rey, 2005).
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Healthy men > oligozoospermic > Azoospermic
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Table V Comparison of characteristics of the most
widely used markers of ovarian reserve

Characteristics for a good Age AMH FSH AFC

marker
Prediction of poor response + faf el X
Prediction of hyper response + Sk = ++
Low inter-cycle variability +++ ++ = ++
Low intra-cycle variability +++ ++ — S
Blinded to the operator oo st N 5 o A o T
Applicable to all patients (a) Y YT T +
Cheapness b — - -

{a) F5H and antral follicle count (AFC) are not informative in patients on hormonal
contraception or GnRH agonist treatment. Moreover the count of antral fellicles may be
difficult in women with ovarian cysts or with previous pelvic surgery,
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Most centers : FSH starting dose 1s based on age and BMI
Some authors: based on AMH

Daily FSH 1s tailored based on the pre-IVF AMH , and
independently of the age and BMI (Nelson, 2009; Gnoth
2008)




.

Predicted negligible response : AMH < 1pmol/l
Predicted reduced response : AMH 2 1, <5pmol/l
Predicted normal response : AMH 2 5, < I5pmol/l
Predicted high response : AMH 2 15pmol/l

Different stimulation protocols based on above categories
Low AMH— high starting FSH + GnRH antagonist
Normal AMH — standard long protocol
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