ENDOCRINE CHARACTERISTICS
OF ART CYCLES

DOC. DR. SEBIHA OZDEMIR OZKAN

KOCAELI UNIVERSITY, SCHOOL OF MEDICINE,
DEPARTMENT OF OBSTETRICS AND GYNECOLOGY, IVF
UNIT

30.04.2014, ANTALYA




INTRODUCTION

e The endocrine control of ovarian function through
gonadotropins - Follicular growth and differentiation

e ART- Folliculogenesis, ovulation and luteal phase
support

Macklon et al, Endocr Rev 2006 Apr;27(2):170-207
de Ziegler et al, Reprod Biomed Online 2007 Nov;15(5):507-13

Loutradis et al, J Steroid Biochem Mol Biol 2008 Nov;112(1-3):1-4



INTRODUCTION

e Specific modification of the endocrine
environment by the pharmacologic agents used
INn ART cycles

e The use of hormonal assessments in order to
control the ovarian hyperstimulation and predict
the cycle outcome



INTRODUCTION

e Assessment of the required supply of exogenous
FSH and LH in ART cycles

e Steroid output -Implantation and
paracrine/autocrine effects on the cumulus-
oocyte unit



FOLLICULOGENESIS

Gougeon, 1982
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TWO CELL-TWO GONADOTROPIN THEORY
Dorrington and Armstrong, 1979

Hillier SG, Hol Hum Reprod 2009
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Significance of inhibin in reproductive
pathophysiology and current clinical applications

Kumanov P, Reprod Biomed Online 2005
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Owverriding follicle selection in controlled ovarian stimulation
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Figure |
Diagram of the events occurring in the ovary and reproductive tract during the initial three weeks of the fertile menstrual cycle
leading to natural reproduction in primates.
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Figure 2

Diagram of events occurring in the ovary and in vitro during controlled ovarian stimulation cycles leading to
assisted reproduction in primates. This chapter will discuss the methods and their limitations for increasing circulating lev-
els of gonadotropins (FSH, LH, CG) to override the typical selection and maturation of a single "dominant” follicle in the natu-
ral menstrual cycle, thereby stimulating the development and maturation of multiple large follicles whose oocytes can be
collected for in vitro manipulation (e.g.. in vitro fertilization, IVF) prior to return to the reproductive tract (embryo transfer,
ET) for pregnancy initiation.




FOLLICLE STIMULATING HORMONE
(FSH)

e FSH -Folliculogenesis, recruitment, selection and
dominance phases and follicular differentiation

e Trophic effect on granulosa cells, recruitment of the
cohort at the early follicular phase

Vegetti et al, Reprod Biomed Online, 2006 Jun;12(6):684-94



FSH TRESHOLD-FSH WINDOW

e FSH TRESHOLD- A certain amount of FSH is required
to induce the follicular growth

e FSH WINDOW- Follicular growth is maintained as long
as FSH is above the follicle’s treshold

e FSH is the crucial therapeutic agent to control the
folliculogenesis in ART cycles (except hypohypo)

Vegetti et al, Reprod Biomed Online, 2006 Jun;12(6):684-94
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Ovulation
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Brown J, Aust NZJ Obstet Gynecol 1978;18:47-54
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FSH and folliculogenesis: from physiology to
ovarian stimulation
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REWVIEW

The impact of ovarian stimulation for IVF on
embryo

Margarida Avo Santos, Ewart W Kuijk and Nick S Macklon
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Figure 4 Schematic representation of the FSH threshold (window)
concept and follide growth dynamics (recruitment, selection and Luteal phase length
dominance) during the follicular phase of the menstrual cycle. [Repro
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FOLLICLE STIMULATING HORMONE
(FSH)

e FSH levels is not suitable to evaluate the adequacy of
exogenous FSH supply

Plasma FSH-not contributive enough to tailor a
gonadotropin regimen in a proper manner

Gardner DK, Weissman A, Howles CM, Shoham Z.Textbook of Assisted

Reproductive Technologies. Laboratory and Clinical perpectives. 3. Edition, Volume 2,2009



LUTEINISING HORMONE (LH)

e LH directly acts on granulosa cells as soon as cell
differentiation is FSH-induced

e LH ensures the synthesis of androgens through LH
receptors located on Theca cells (Two cell-two
gonadotropin theory)

e Pivotal role of LH on steroidogenesis in hypo-hypo
patients



LUTEINISING HORMONE (LH)

e Addition of LH increases estradiol thus preparing the
endometrium for implantation

e CL — luteal phase support

e Minimal amount of LH is required for pregnancy (LH
TRESHOLD)

Filicori et al, Trends Endocrinol Metab 2003 Aug;14(6):267-73
Filicori et al, Hum Reprod Update 2002;8(6):543-557



LUTEINISING HORMONE (LH)

e High endogenous LH levels are associated with
Increased incidence of miscarriages and infertility
(Endometrium/oocyte)

e Beyond a certain ceiling level, LH seems to have an
Inhibitory effect on cell growth and the granulosa
proliferation initiating atresia of less mature follicles

Filicori et al, Hum Reprod Update 2002;8(6):543-557
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Current concepts anmnd novel
applications of LH activity inmn ovarian
stimulation
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LUTEINISING HORMONE (LH)

e Within the interval of LH treshold and ceiling, LH support
IS adequate for androgen and subsequent estradiol
secretion thus participating in folllicular growth



LUTEINISING HORMONE (LH)

e Determining plasma LH levels is not very informative to
evaluate the actual consequences of LH preparations

e During stimulated cycles plasma LH level determination
IS restricted to detection of endogenous LH surge

Filicori et al, Trends Endocrinol Metab 2003 Aug;14(6):267-73
Filicori et al, Hum Reprod Update 2002;8(6):543-557



Human Reprodoction Update., Vol8, No.6 pp. S43-5S57, 20002

The use of 1_.H activity to drive folliculogenesis: exploring
uncharted territories in ovulation induction
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Benefits of luteinizing hormone activity in
ovarian stimulation for IVF

Coomarasamy et al, 2008

HWG rFSH Rade difference Rate differance
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Fizgure 1. Rate difference in live births berween patents stimulated with human menopansal gonadomophin (HMG) and patients
stimulated with recombinant FSH (IFSH) using a long gonadotrophin-releasing hommone agonist protocol (based on data from
Coomarasamy ef al., 2008, by permission of Oxford University Press, published on behalf of the European Society of Human
Reproduction and Embrvology). CI = confidence interval; EISG = European and Israeli Study Group on highly purified menotropin
versus recombinant follicle-stimulating hommaone.

Tarlatzis et al, RBM Online 2009
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Benefits of luteinizing hormone activity in
ovarian stimulation for IVF
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Figure 2. Rate difference in live births between patents stimulated with human menopausal gonadomophin (HMG) and patients
stimulated with recombinant FSH (IF5H) using a long gonadotrophin-releasing hommone agonist protocol (based on data from
Al-Inany ef al., 2008). CI = confidence interval; EISG = Eurcpean and Israeli Study Group on highly purified menotropin versus
recombinant follicle-stimmlating hormone.

Tarlatzis et al, RBM Online 2009
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Benefits of luteinizing hormone activity in
ovarian stimulation for IVF
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Figure 3. Rate difference in live births between patients stimulated with FSH+LH and patients stimmlated with FSH onlv (based
on data from Kolibianakis et gi., 2007, by permission of Oxford University Press, published on behalf of the European Society of
Human Eeproduction and Embrvoleey). CI = confidence interval.

Tarlatzis et al, RBM Online 2009
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Role of the endocrine profile for the
achievement of pregnancy with IVF

Table 2. Associatton of endogenous L. H concendrations and the probability of ongoing pregnancy abowve 12 weeks 1m normo-—
ovulatory or World Health Organization IT patients undergoing I'VE using gonadotrophin-releasing hormone analogues for
inmhibition of premature LL.H surge.

Fndogenous LI concentrations (TU/T)

Westergaard < al., 2000 D"l"i.' 8 of stmmlation

Patients/cycles (Imean age in yWears, TATLSE )
Delivery (S:)

Balasch ef af., 2001= IDaw 7 of stmmlaton
Patients/cycles (Imean age in Vears, TATLge) 144 (340, 23—42)
Ongoing pregnancy (20 weeks) (95) 58 (40.3)

Esposito ef al., 2001 Arvverage of 4—5 assessments starting from day 5 of stimmlation
=3 =3
Patients/cycles (mean age in Vears) 116 {34 4% 50 (34 .3)
Ongoing pregnancy (20 weeks) (95) 40 (34 5) 16 (32.0)
/

maldan ef of., 2002 IDaw 8 of stommlaton
<05 0o.6—1.0
"ItlE'llT_'-. feyeles (Iean age in years = S5EMD) 24 (31 4 = 0.6) 108 (309 = 0.4)
o pregnancy (12 weeks 8 (33.3) A8 (44 4D

Merviel ef al., 2004 Daw of HICG
<5 =05
Patients/cycles (mean age in years = SD) 119 (337 = 9) 1
1

5 336 47)
Delivery (9:) 17 (14 .3) 9 (12.6)

Dyaw 8 of stmmlation
=0 5 0.6—1.9 =
Patients/cycles (mean age in yvears =+ SEM) 25 (31.8 = 0.6) 62 (321 =0.4) T x=07)
eoing pregnancy (12 weelks) (9 14 (5600 25 (40.3) r

Differences betweell £ = ot significant with the excepdon of KEolibianakis er af. 20040 (modified ffom Kolibianakis or af. 2008, by permission of O=xford
Universiry Press, published on behalf of the European Society of Human Reproducdon and Embryology). HOG = hhuman chorionic gonadomophin.
=Fecgiver operating characieristic curve analvsis found no commrelation between LH conceniration and conception.

Humaidan and Kolibianakis —1LH is associated
with | ongoing pregnancy rates

Kolibianakis et al, Reprod Biomed Online 2009




STEROID PROFILES THROUGH ART CYCLES
ESTRADIOL

e Cervical mucus production, endometrial proliferation and

the induction of midcycle LH surge
Maclon &Fauser, Hum Reprod Update 2000;6(4):307-12

e A good indicator of granulosa cell differentiation and

used as an index of follicular maturity
Stouffer & Zelinski-Wooten, Reprod Biol Endocrinol 2004;16;2:32

e QOvarian response prediction
Loutradis et al, J Steroid Biochem Mol Biol 2008 Nov;112(1-3):1-4



STEROID PROFILES THROUGH ART CYCLES
ESTRADIOL

e To calibrate the gonadotropin doses in conjunction with
USG data in stimulated cycles

e Monitorization of the ART cycle in order to detect the risk
of OHSS and decide for cycle or transfer cancellation



ESTRADIOL-GnRHa-GNRH
ANTAGONISTS

e To assess the effectiveness of the hypophyseal
desensitization (<50pg/mL)

e The plasma estradiol pattern of GnRH antagonist
treatment is not similar with that of GnRH-a

(LOWER PREGNANCY RATES)
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Role of the endocrine profile for the
achievement of pregnancy with IVF

Table 1 Characternistcs of the stadies that evalnated the associatbon between ocestradicol and pregnancy achievement (modified
2004, by permission of Oxford TIniversity Press, published on behalf of the Euawropean Society of Human
Reproduction and Embryologw ).

from Kosmas ef al.
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STEROID PROFILES THROUGH ART CYCLES
PROGESTERONE

e To detect the hypophyseal desensitization to make sure
that the corpus luteum is not still active

e Plasma P levels in early and late follicular phases are
recently assessed to predict the cycle outcome



STEROID PROFILES THROUGH ART CYCLES
PROGESTERONE

e Adverse effect on folliculogenesis, oocyte guality and
pregnancy outcome (early follicular phase)

e Despite supression by GnRH-a, a small increment in P
has been reported in 20% of the stimulated cycles (late
follicular phase, endometrium)

e Premature endogenous LH surges related with
subsequent luteinization of granulosa cells
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PROGESTERONE RISE IN
FOLLICULAR PHASE

e P450 side-chain cleavage enzyme is required for de
novo P synthesis

CL, THECA INTERNA CELLS OF THE FOLLICLE,
ADRENAL GLAND

Residual activity of CL, developing follicle, adrenal gland
activity, indirect sign of ovarian aging, different FSH
Isoforms

Al-Azemi et al, Reprod Biomed Online 2012 Apr;24(4):381-8



STEROID PROFILES THROUGH ART CYCLES
PROGESTERONE

e |[EXPOSURE TO LARGE DOSES OF EXOGENOUS FSH

e Potential adverse effect and plasma P cut off values for
a decision making for the cycle outcome

De Ziegler et al, J Assist Reprod Genet 2003 Jan;20(1):29-32
Venetis et al, Hum Reprod Update 2007Jul-Aug;13(4):343-55
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Is progesterone elevation on thhe day of human chorionic
conadotrophin administration associated with the probability
of pregnancy in irz vizro fertilization”? A systematic review and
meta-analysis

C. A Venetis', E.NM . Kolibianakis'-*% E. Papanikolaou', J.Bontis', P.Devroey? and B.C . Tarlatzis!

Table 3: Pregnancy outcomes examined in the studies included in the systematic review

Study
number

Authors and year

Pregnancy outcome
examined”

Definition

Association of progesterone
elevation with pregnancy
outcome examined

Edelstein et al. (1990)

Silverberg et al. (1991)
Check et al. (1993a)

Check ef al. (1994)
Shechter et al. (1994)

Hofmann et al. (1996)
Miller ef al. (1996)

(Group A)"

Miller ef al. (1996)

(Group B)®

Ubaldi et al. (1996b)

Moffitt et al. 1997

Urman et al. (1999)

Bosch ef al. (2003)

Martinez ef al. (2004)

Clinical pregnancy per hCG
Ongoing pregnancy per hCG
Clinical pregnancy per hCG
Live birth per oocyte
retrieval

Live birth per oocyte
retrieval

Clinical pregnancy per ET
Ongoing pregnancy per ET
Clinical pregnancy per ET

Clinical pregnancy per ET

Clinical pregnancy per hCG
Clinical pregnancy per ET
Ongoing pregnancy per ET
Clinical pregnancy per ET
Ongoing pregnancy per ET
Clinical pregnancy per hCG

Ongoing pregnancy per hCG
Clinical pregnancy per hCG
Delivery per hCG

Not reported

Not reported

FH by USS at 7 wks of gestation
Live birth

Viable infant at delivery

Sac at USS
=20 wks/delivered
FH by USS at 7 wks of gestation

FH by USS at 7 wks of gestation

FH by USS at 7 wks of gestation
Not reported

=20 wks

FH by USS at 6 wks of gestation
=12 wks

FH by USS at 6-7 wks of
gestation

=20 wks

Sac at USS at 6 wks of gestation
Delivery

109 (0.43-2.79
103 (0.38-2.83

16 (0.
(0.

0.16

)
)
0.01-2.86)
0.18 51)

0.06-0.51
0.46 (0.15-1.43)

122 (047-3.16)
148 (0.69-3.19)
044 (0.16-1.18)

103 (0.53-2.00)

187 (0.24- 1465)
116 (0.59-2.28)
165 (0.84-3.25)
142 (107-1.88)
127 (0.94-1.72)
027 (0.10-0.72)
029 (0.11-0.79)
089 (0.58-1.35)
0.98 (0.62-1.55)

No association
No association
No association

Negative association

No association
No association
No association
No association

No association

No association
No association

__No association

Positive association

No association

Negative association

Negative association

No association
No association
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Progesterone No progesterone

elevation Elevation
niN N g Lower Upper  P-value

Edelstein &f al (1990)
Silverbarg &f al {1581)
Ubaldi af al. {1996b)
Bosch el al (2003)
Martinez &f al. (2004)

Combined (lixad effects madal)
(heteroganeity; P =012
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Figure 2: OR of climcal pregnancy rate per patient reaching hCG administration for final oocyie maturation
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Role of the endocrine profile for the
achievement of pregnancy with IVF

P Elevation No P Elevation Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total  Weight M-H, Fixed, 35% CI M=H, Fixed, 35% CI

-

Bosch 2003 B 34 a5 192% 044[0.23 0.86)
Edelsten 1990 4 & 272 07%  1.06[055 204

Martinaz 2004 70 197 69 180  64.1% 08307, 1.21]
Silverberg 1991 0 14 17 99 4.1%  0.19(0.01, 3.00
Ubaldi 195 2 9 5 19 185% 152{04, 5.64)

Total (35% CI) 279 421 100.0%  0.83 [0.66, 1.04]
Total avents 89 130

Helerogeneity: Chi*=6.60, df =4 (P =0.18); I = 39%

Test for overall effect 2= 1.62 (P=0.11)

| =t |
0ot 01 0 10 1000
Favours No P Elev. Favours P Elev.

Figure 1. Relative nsk for cliical pregnancy per patient reachme human chononie gonadotrophimn administration for fmal oocyte
maturation accordme to the presence of prosesterone (P) elevation. CI = confidence mierval.

Kolibianakis et al, Reprod Biomed Online 2009




ANDROGENS

e A stimulatory effect on granulosa cell proliferation,
follicular recruitment
Vendola et al, L Clin Invest 1998:101:2622-9

e Flare-up effect may be related with increased androgen
production in ART cycles

e No significant evidence that the oocyte quality is reduced
San Roman GA et al, Fertil Steril 1992;58:744-9
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The role of androgens in follicle maturation and

ovulation induction: friend or foe of infertility
treatment?

Morbert Gleicher™3", Andrea Weghofer'® and David H Barad™=
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ANDROGENS

Determination of plasma androgens is not required to be
routinely included in monitorization of ART cycles, may
be worthwhile in clinical research

Gardner DK, Weissman A, Howles CM, Shoham Z. Textbook of Assisted Reproductive Technologies.

Laboratory and Clinical perpectives. 3. Edition, Volume 2,2009



INHIBIN A AND B

Heterodimers secreted from granulosa cells following
FSH stimulation and regulate FSH secretion by negative
feedback

Small antral follicles potentially secrete Inhibin B
whereas preovulatory follicles may secrete Inhibin A

Serum Inhibin B in the early follicular phase is a valuable
tool to evaluate the size of the follicular cohort

Kumanov et al, Reprod Biomed Online 2005 Jun;10(6):786-812
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Significance of inhibin in reproductive
pathophysiology and current clinical applications
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Kumanov et al, 2005



INHIBIN A AND B

e Inhibin B (4-6. day of FSH stimulation)- Early indicator of
the number of recruited follicles destined to form mature

oocytes
Pennarubia et al, Hum Reprod 2000;15:1499-1504

e Decision making regarding cycle cancellation or

modulating gonadotropin dose

Eldar-Geva et al, Hum Reprod 2002 Sep;17(9):2331-7
Engel et al, Reprod Biomed Online 2001;3:104-108



ANTIMULLERIAN HORMONE

e A member of transforming growth factor beta family

produced by granulosa cells of secondary, preantral,
small antral follicles upto 6 mm

e Serum AMH levels are correlated with antral follicle
numbers and cycle day independent

Broer SL et al, Fertil Steril 2008

La Marca et al, Hum Reprod 2006 Dec;21(12):3103-7

e A good predictor of ovarian reserve both for poor and
hyperresponders
La Marca et al, Hum Reprod 2007 Mar;22(3):766-71



ANTIMULLERIAN HORMONE

e Its performance to predict nonpregnancy is poor since it
represents only the size of the FSH-sensitive follicles

Muttukrishina et al, BJOG 2005,112:1384
Ebner et al, Hum Reprod 2006;21:2022-6
Kwee et al, Fertil Steril 2007

e The association with oocyte or embryo guality is much
less clear

e Plasma AMH measurement during stimulated cycles is
not actually recommended



CONCLUSIONS

e The endocrine characteristics of ART cycles are mainly
related with the therapeutic agents used for COH

e Although it Is clear that FSH is required for every
stimulation, plasma FSH levels are not predictive enough
for the adequacy of exogenous FSH supply

e Plasma LH levels determination IS restricted to
hypophyseal desensitization



CONCLUSIONS

e There is no evidence that detection of LH levels could be
useful for patients who require some addition of LH
during ART cycles

e Plasma estradiol level determination Iis used In
conjunction to USG to assess the follicular growth

e Determination of P levels may be restricted to
hypophyseal desensitization



CONCLUSIONS

e Plasma androgens are not routinely determined except
research purposes

e Serum Inhibin B in the early follicular phase is a valuable
tool to evaluate the size of the follicular cohort

e AMH is a good predictor of ovarian reserve both for poor
and hyperresponders






