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* Gonadotropins for induction of spermatogenesis
* Gonadotropins for idiopathic infertility



A

| had six honest servm. t me all | knew.

Their nameswwere: Wher yVhat / z& hy, How and Who.
/../ " /p .

:

Rudyard Kipling (1865 - 1936)




What?

What is hypogonadotropic hypogonadism?
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Hypogonadotropic hypogonadism

hypothalamus

+ | GnRH
pituitary
+ | FSH
* LH

testicles

testosterone

* Failure at the hypothalamus —
pituitary level

* Kallmann’s syndrome



Causes of hypogonadotropic (secondary) hypogonadism

Acquired

Tumors
Benign tumors and cysts
Craniopharyngiomas

Germinomas, meningiomas, gliomas, astrocytomas

Metastatic tumors (breast, lung, prostate)

"Functional” gonadotropin deficiency

Chronic systemic disease
Acute illness
Malnutrition
Hypothyroidism, hyperprolactinemia, diabetes mellitus, Cushing's disease
Anorexia nervosa, bulimia
Post-androgen abuse

Infiltrative diseases
Hemochromatosis
Granulomatous diseases
Histiocytosis

Head trauma

Pituitary apoplexy

Drugs - Marijuana

Congenital

Isolated GnRH deficiency

Without ancsmia

Kallmann syndrome

Associated with adrenal hypoplasia congenita

GnRH deficiency associated with mental retardation/obesity
Laurence-Moon-Biedl syndrome
Prader-Willi syndrome

Idiopathic forms of multiple anterior pituitary hormone deficiencies

Congenital malformations often associated with craniofacial anomalies

GnRH: gonadotropin-releasing hormane.

Snyder PJ. UpToDate, 2019



Genotype and
Phenotype

Table 1 | Genes implicated in CHH

Gene OMIM CTO CHH phenotypes Overlapping syndromes
KS CHHY CHH CPHD CPHD WS CHARGE HS SHFM DWS MGS PEPNS GHS
reversal + 50D
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[ANDSL)
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LEPR 614963 = x S x x x x x ® ® ® ® x x
PCSK1 162150 % *x F x * x x x ® * * * = x
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Abbrevigtions: CHH, congenital hypogonadatropie hypogonadism; CHARGE, coloboma, heart defects, atresia of choanae, retardation of growth andy/or development, genital &nd/or urinary
defects, ear anomalies or deafness; CPHD, combingd pituitary normane deficiency: CTO, contributes to oligagenicity; WS, Dandy-Walker syndrome; GHS, Gordon Holmes syndrome; HS,
Hartstield syndrome; KS, Kellmann syndrome; MGS, Morning Glory syndrome; OMIM, online Mendelian inheritance in man; PEPNS, polyendacrine deficiencies and polynewunopathies; SHFM,
salit-nand, foot matformation; SO0, septo-optic dysplasie; WS, Weardenburg syndrome.

Boehm U et al. Nature Rev Endocrinol 2015;11:547



Hormonal profile
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Hypogonadism according to age

Fetal Neonatal Childhood Puberty Adulthood

GnRH/LH

HPG-axis activity
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= Cryptorchidism = Prepubertal testes = Infertility
= Micropenis
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= Undervirilization

Boehm U et al. Nature Rev Endocrinol 2015;11:547



Clinical spectrum of Kallmann’s syndrome

e Cryptorchidism + micropenis * Hyposmia / anosmia

* Delayed puberty * Optic nerve hypoplasia
* Hypogonadism * Cleft lip and/or palate
* Male infertility * Dental agenesis

e Anxiety and depression e Sensorineural deafness

* Congenital hearing impairment +
pigmentation defects

* Bimanual synkinesia (mirror
movements)

e Unilateral renal agenesis

Boehm U et al. Nature Rev Endocrinol 2015;11:547



Hypogonadotropic hypogonadism

* Always

* Induce puberty
* Treat hypogonadism
* Treat co-morbidities
* Treat infertility




Which?

Which is the appropriate treatment for hypogonadotropic hypogonadism?
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What to give?

* Hypothalamic disease
e Gonadotropins
* Gonadotropin-releasing hormone (GnRH)

* Pituitary disease
e Gonadotropins



Gonadotropin-releasing hormone

* Gonadotropins vs. Pulsatile GnRH treatment
 Similar stimulation of spermatogenesis
* Limitations
e Subcutaneous infusion pump
* Cost
 Limited availability

Liu L, et al. J Clin Endocrinol Metab 1988:67:1140
Kliesch S, et al. Eur J Endocrinol 1994;131:347
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GNRH pump

* GnRH frequency Every two hours

* GnRH dose 25 ng/kg (up to 600 ng/kg)

* Target Normal serum T concentration
* Sperm appearance 12 — 36 months

* Until when Pregnancy

Spratt DI, et al. Ann Intern Med 1986;105:848



With which?

With which substances to induce spermatogenesis?
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How to induce spermatogenesis?

°LH I%/ recomb#ant hCG / recombinant LH
* FSH hMG / highly purified FSH / recombinant FSH
e Combinations



Clinical gems

* Biological activity hCG = LH
* Half-life hCG > LH



hCG before FSH

* hCG stimulates the Leydig cells to secrete T, which results in an
intratesticular T concentration 100 times that in the peripheral
circulation, a concentration essential to stimulate spermatogenesis

* hCG alone may be sufficient for stimulation of spermatogenesis; FSH
alone is not effective.

* hCG preparations are considerably less expensive than exogenous
FSH preparations, in particular, recombinant FSH

Finkel DM, et al. N Engl ) Med 1985;313:651
Schaison G, et al. J Clin Endocrinol Metab 1993;77:1545



T or FSH?

Germ Cells / Testis

Testicular Testosterone Concentration

Germ Cells / Testis

Testicular Testosterone Concentration

Plant TM, et al. Endocr Rev 2001;22:764



What?

What doses are necessary to induce spermatogenesis?
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Gonadotropin administration

* hCG
* Intramuscular injection
 Self-administration
* |nitial dose: 2,000 Ul, three times a week
e Maximum dose: 10,000 units, three times a week

* FSH

e |nitial dose: 75 IU, three times a week
* Increase: 150 IU, three times a week
* Maximum dose: 300 |U, every other day



Timing

* Time to respond
* 6— 36 months (hCG)
* 6— 10 months (hCG + hMG)

* Time to discontinue
* Pregnancy not achieved 12 — 24 months (hCG)
Proceed to ART
* Pregnancy achieved Immediately, if no pregnancy is desired
Postpone, if another pregnancy is desired

Liu PY, et al. J Clin Endocrinol Metab 2009;94:801
Farhat R, et al. Pituitary 2010;13:105



Gonadotropin administration (GRE) "-;

* Recombinant LH
* Intramuscular injection
* |nitial dose: 75 IU, once a week

* Recombinant FSH
* Initial dose: 75 IU, every other day
* Increase: 150 IU, every other day
* Maximum dose: 300 |U, every other day



Timing (GRE) ";

* Time to respond
* 6 — 24 months (recLH + FSH)

* Time to discontinue

* Pregnancy not achieved 12 — 18 months
Proceed to ART
* Pregnancy achieved Continue, until the end of first trimester

Cryopreserve semen



Which?

Which patients are likely to respond to therapy?
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Which patients are likely to respond?

Good prognostic factor Bad prognostic factor

* Development of hypogonadism * Development of hypogonadism
after puberty before puberty



Hypogonadism according to age
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Boehm U et al. Nature Rev Endocrinol 2015;11:547



Time of hypogonadism onset
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Finkel DM, et al. N Engl J Med 1985;313:651



Which patients are likely to respond?

Good prognostic factor Bad prognostic factor
* Development of hypogonadism * Development of hypogonadism
after puberty before puberty

* Partial hypogonadism * Complete hypogonadism



Partial vs complete hypogonadism

* Testicular volume

* Serum FSH

* Serum inhibin B

* Serum testosterone

Blchter D, et al. Eur J Endocrinol 1998:139:298
Liu PY, et al. J Clin Endocrinol Metab 2009;94:801



Which patients are likely to respond?

Good prognostic factor Bad prognostic factor

* Development of hypogonadism * Development of hypogonadism
after puberty before puberty

* Partial hypogonadism * Complete hypogonadism

* No cryptorchidism * Unilateral or bilateral

cryptorchidism



Which patients are likely to respond?

Good prognostic factor Bad prognostic factor

* Development of hypogonadism * Development of hypogonadism
after puberty before puberty

* Partial hypogonadism * Complete hypogonadism

* No cryptorchidism * Unilateral or bilateral

cryptorchidism

* No priorXatment with * Prior tryﬂent with
testoste e testostgd@ne
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Rastrelli G, et al. Andrology 2014;2:794



Success rate

e Sperm in the ejaculate
* 90%, often not within normal range

Blchter D, et al. Eur J Endocrinol 1998;139:298
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How?

How to induce spermatogenesis?
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Snyder PJ. UpToDate, 2019
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What?

What about idiopathic infertility?
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Male idiopathic infertility

* 30% of male infertility

* Infertility

* Oligo-astheno-teratozoospermia / azoospermia
* No apparent cause



FSH protocols

e Standard protocol
* 3 months
* 751U every other day
e Quantitative / qualitative improvement of seminal parameters
* Increase the probability of both natural and ART conception

* Short protocol
* 1 month
* 751U every other day
* Increase the proportion of functionally competent sperm prior ART



Pregnancy rate (all studies

Figure |I. Forest plot of comparison: | Gonadotrophins versus placebo/no treatment for the treatment of
idiopathic male subfertility, outcome: 1.2 Pregnancy rate per couple randomly assigned.

Gonadotrophins Convrol Pevo Odds Ratio Perto Odds Ratio
Study or Subgroup Events Total Ewvents Total Weight Peto, Fixed, 95% CI1 Peto, Fixed, 95% CI
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Attia AM, et al. Cochrane Database Syst Rev 2013;8:CD005071



Pregnancy rate (no female factor

Figure 2. Forest plot of comparison: | Gonadotrophins versus placebo/no treatment for the treatment of
idiopathic male subfertility, outcome: 1.3 Subgroup analysis: pregnancy rate per couple randomly assigned
with no female factor.

Gonadotrophins Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.3.1 Spontaneous pregnancy rate per couple with no female factor
Knuth 1987 2 19 0 20 12.2% 8.23 [0.50, 136.74) -
Kamischke 1998 3 34 0 33 18.2% 7.63 [0.77, 76.00]) -
Paradisi 2006 4 15 0 15 22.4% 9.31[1.17,73.75) -
Foresta 2005 6 65 2 63 47.2% 2.79[0.67, 11.61) -+
Subtotal (95% CI) 133 131 100.0% 5.00 [1.88, 13.34) B
Total events 15 2

Heterogeneity: Chi* = 1.24, df = 3 (P = 0.74); ¥ = 0%
Test for overall effect: Z = 3.22 (P = 0.001)

1.3.2 Pregnancy rate per couple after ICSI with no female factor
Baccetti 2004 8 24 4 20 100.0% 1.93 [0.52, 7.20] —
Subtotal (95% CD 24 20 100.0% 1.93 [0.52, 7.20]

Total events 8 -

Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)

0.01 0.1 | 10 100
Favours control Favours gonadotropit
Test for subgroup differences: Chi* = 1.30,df = 1 (P = 0.26), F = 22.8% P

Attia AM, et al. Cochrane Database Syst Rev 2013;8:CD005071



Live birth rate (all studies)

Figure 5. Forest plot of comparison: | Gonadotrophins versus placebo/no treatment for the treatment of
idiopathic male subfertility, outcome: |.I live-birth rate per couple randomly assigned.

Gonadotrophins Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% ClI
1.1.1 Live birth rate per couple
Paradisi 2006 4 15 0 15 100.0% 9.31([1.17, 73.75])
Subtotal (95% CI) 15 15 100.0% 9.31[1.17, 73.75)
Total events 4 0

Heterogeneity: Not applicable
Test for overall effect: Z = 2.11 (P = 0.03)

0.02 0.1 1 10 50
Favours control Favours gonadotropit

Test for subgroup differences: Not applicable

Attia AM, et al. Cochrane Database Syst Rev 2013;8:CD005071



Pregnancy rate (all studies)

A FSH treatment  Control group Odds ratio Odds ratio
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(42) 4 57 0 30 1.4 5.13(0.27, 98.56) N

(13) 8 31 10 30 17.9 0.70 (0.23, 2.10) —_—T

(43) 2 19 0 20 1.0 5.86 (0.26, 130.36) »

(44) 36 68 31 80 31.9 1.78 (0.92, 3.42) | Bl

(16) 4 15 0 15 0.9 12.13 (0.59, 248.49) - »

(45) 10 70 2 35 54 2.75(0.57, 13.30) -

Total (95% ClI) 482 393 100.0 2.09 (1.46, 3.01) <>

Total events 118 66

Heterogeneity: »°=10.09, df=11 (P=0.52); °=0% b + + |

Test for overall effect Z=3.99 (P<0.0001) 0.01 0.1 1 10 100
Control group Treatment group

Santi D, et al. Endocr Connect 2015;4:R46—R58



Pregnancy rate (spontaneous conceptions)

B FSH treatment Control Odds ratio Odds ratio

Reference Events Total Events Total Weight (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI

(12) 4 39 0 39 5.0 10.01 (0.52, 192.61) - »

(37) 1 23 0 10 7.3 1.40 (0.05, 37.33) *

(39) 6 62 2 50 22.7 2.57 (0.50, 13.34) -

(42) 4 57 0 30 6.8 5.13 (0.27, 98.56) .

(13) 2 31 0 30 5.3 5.17 (0.24, 112.28) v »

(43) 2 19 0 19 5.0 5.57 0.25, 124.19) - »

(44) 10 68 2 80 17.8 6.72 (1.42, 31.86) -

(16) 4 15 0 15 4.1 12.13 (0.59, 248.49) - >

(45) 10 70 2 35 26.0 2.75 (0.57, 13.30) =

Total (95% CI) 384 308 100.0 4.50 (2.17, 9.33) e

Total events 43 6

Heterogeneity: »°=2.29, df=8 (P=0.97); I°=0% - + f |

Test for overall effect: Z=4.04 (P<0.0001) 0.01 0.1 1 10 100
Control group Treatment group

Santi D, et al. Endocr Connect 2015;4:R46—R58



Pregnancy rate (ART conceptions)

C FSH treatment Control Odds ratio Odds ratio

Reference Events Total Events Total Weight (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI

(12) 14 39 0 39 0.8 4492 (2.57,786.62) »
(14) 8 24 4 20 7.2 2.00 (0.50, 8.00) -

(36) 3 40 0 20 1.5 3.83 (0.19, 77.76) .

(37) 6 23 0 10 1.2 7.80 (0.40, 153.02) ’
(39) 10 56 10 48 22.0 0.83 (0.31, 2.19) =

(42) 14 53 6 30 14.0 1.44 (0.49, 4.24) 1

(13) 6 29 10 30 19.4 0.52 (0.16, 1.69) - v |

(44) 26 58 29 78 33.9 1.37 (0.69, 2.74) B Rl

Total (95% Cl) 322 275 100.0 1.60 (1.08, 2.37) &

Total events 87 59

Heterogeneity: y°=12.22, df=7 (P=0.09); [°=43% = } " i
Test for overall effect: Z=2.36 (P=0.02) 0.01 0.1 1 10 100

Control group Treatment group

Santi D, et al. Endocr Connect 2015;4:R46—R58



Which?

Which patients are likely to respond to therapy?

Unit of Reproductive Endocrinology
First Department of Obstetrics and Gynecology
Aristotle University of Thessaloniki




Predictors of response to therapy

e Basal FSH concentrations
* DNA fragmentation
* Genes
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Single Nucleotide Polymorphisms (SNPs)

Gene SNP ID DNA Protein Minor allele
nucleotide frequency (32)
FSHB rs10835638 c.-211G=>T Promoter, T =0.0839
non-coding
FSHR rs1394205 c.-29G=A Promoter, T =0.3450
non-coding
FSHR rs6165 c.919A=G p.Thr307Ala T =0.4922

FSHR rs6166 c.2039A=>G p.Asn680Ser C = 0.4073

Schubert M, et al. Front Endocrinol 2019;10:47



FSHB -211G>T

Transcriptional activity
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Schubert M, et al. Front Endocrinol 2019;10:47




A pharmacogenetic approach

100% (n= =
0 (n=1109) 40% (n=435) 20% (n=227) 7 5% (n=83)

Male patients with +0ligozoo- 4+ FSH <7 U/l
couple infertility spermia

+ T allele
carrier

Busch AS, et al. Andrology 2015;3:1050



Current study variables Proposal for upcoming study
Selection

criteria

Selection
criteria

Endpoints

Schubert M, et al. Front Endocrinol 2019;10:47



How?

How can we conclude?

Unit of Reproductive Endocrinology
First Department of Obstetrics and Gynecology
Aristotle University of Thessaloniki




Alms

* Gonadotropins for induction of spermatogenesis
* Gonadotropins for idiopathic infertility



A

| had six honest servm. t me all | knew.

Their nameswwere: Wher yVhat / z& hy, How and Who.
/../ " /p .

:

Rudyard Kipling (1865 - 1936)




the, most powet ul drug UseeaF mankind.
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:

Rudyard Kipling (1865 - 1936)
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Rudyard Kipling (1865 - 1936)




If— ()

BY RUDYARD KIPLING

(‘Brother Square- Toes—Rewards and Fairies)

If you can keep your head when all about you
Are losing theirs and blaming it on you,

If you can trust yourself when all men doubt you,
But make allowance for their doubting too;

If you can wait and not be tired by waiting,
Or being lied about, don’t deal in lies,

Or being hated, don't give way to hating,
And yet don't look too good, nor talk too wise:

If you can dream—and not make dreams your master;
If you can think—and not make thoughts your aim;

If you can meet with Triumph and Disaster
And treat those two impostors just the same;

If you can bear to hear the truth you've spoken
Twisted by knaves to make a trap for fools,

Or watch the things you gave your life to, broken,
And stoop and build em up with worn-out tools:

If you can make one heap of all your winnings
And risk it on one turn of pitch-and-toss,

And lose, and start again at your beginnings
And never breathe a word about your loss;

If you can force your heart and nerve and sinew
To serve your turn long after they are gone,

And so hold on when there is nothing in you
Except the Will which says to them: ‘Hold on!”

If you can talk with crowds and keep your virtue,
Or walk with Kings—nor lose the common touch,
If neither foes nor loving friends can hurt you,
If all men count with you, but none too much;
If you can fill the unforgiving minute
With sixty seconds’ worth of distance run,
Yours is the Earth and everything that’s in i,
And—which is more—you’ll be a Man, my son!
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