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ABSTRACT

Context/objective. Testosterondreatmentfor pubertal indation in boys with hypogonadotrofic
hypogonadim (HH) provides virilisation, but does notinducetesticular growthor fertility. Larger
studiesevaluating= theoutcomes ofgonadotropin replacementduring adolescenchave not been
reportedto date whetherprevioustestosteronsubstitutionaffects testicular resporsis unresolved
We aimedtorassesshe effectsof human chorionic gonadotrbim (hCG) and recombinant FSH
(rFSH) in boysand adolescentsith HH with respect to adesticular growth, bypermatogenesi c)
quality of life(@olk) andto identify factors influencingherapeutic success.

Design/setting: '‘A.prospectiveecasestudywasconductedn 26 paediatricendocrinecentres
Patients/interventions. HCG and rFSH wre administereduntil cessationof testicular growth and
plateauing of spermatogenest (1) prepubertal HH boys with absent @arly arrested puberty
(group A) andtor(2) HH adolescentsvho hadpreviouslyreceivediull testosteroneeplacemenggroup
B). Outcome measures. bi-testicula volumes(BTVs), sperm concentrations and QoL

Results: Sixty,(34A/26B) HH patientsaged 1422yearswere enrolledBTVs rose from 550 34+3ml
in groupA vsi5%3,to 32+3ml in group, with normalfinal BTVs (>24ml) attainedin 74%/70% after
25/23monthsin A/B respectively Sperm in the ejaculatgerefoundin 21/2301%)/18/19(934), with
plateauing eoncentratioradter 31/30monthsof hCGand2525 monthsof combined treatmenSperm
concentrationsswer@ormal (>15mill/ml) in 61%/32% with mean concentrations cf0+73 vs.
19+38nill/ml=in=A/B (n.s.) Outcome were betterin patientswithout bilateral cryptorchidismwith
nontcongelital HH causeshigher baselineBTVs, and higherinhibin B and AVIH levels. QoL
increasedn bothegroups.

ConclusionsisHCG/rFSHreplacementuring adolescencauccessfullyinduces testiculargrowth and

spermatogenesisrespective of previouestosteroneeplacementand enhances QoL
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75 Introduction
76 In boys >14 years with hypogonadwmophic hypogonadism(HH) and absent or arrested puberty,
77 pubertal inductions performedoy administeringncreasing doses déstosteron@nanthate i.nevery
78  3-4 weeks This regimenestablished as a therapeutic standambediatric endocrinologgtimulates
79 normal linear growth pubertal virilisation and psycheexual maturabin, but neglects testicular
80 growth andthe acquisition of fertility as components of normal pubgtte testes remain inra
81 immature prepubertal state(i.e.< 4 m), and spermatgenesisis not initiated Replacement of
82  gonadotropinsin adulthood hasepeatedly beenproven to be safe areffective ininitiating testicular
83 growth andspermatogenesisufficient for fertility ** > % > Small alolescent case studi¢mve
84 demongtated the “proof of principle” that along with pubertal virilisation, pubetal testicular
85 maturation withincrease in testis sizesdinitiation of spermatogenesisan be achieved by wined
86 hCGEFSHreplacemenf " ® ™ However,prospectivestudiesin HH adolescentarge enough for
87 evaluation ofoutcomesof hCG and FSHave not been reportead date Although a recent pap&r
88 specifically addressequality of life (QoL) in relation to gonadotrdpn treatment foradult HH, the
89 impact of gonaddrophin substitition on QoL during adolescencés largely unknown. Whether
90 precedingestosteroneeplacemat may adverselaffecttherapeutic responsef HH adolescentalso
91 remainsunresolved to date.
92 In this prospectivanulticentrestudy we aimed tassesghe effectf human chorionic gonadotrbin
93 (hCG) and ‘recombinant FSHFSH) treatment iryoung patientswvith HH of various originswith
94 respect to testicular growth amdduction of spermatgenesis We compared theutcomesof pre-
95 pubertalHH boys'with those of HH adolescentasvho had previouslyreceivedfull testosterone
96 replacemenforspubertal virilistion. Furthermorewe evaluated preand postreatment Qolin each
97 patientusing validatedjuestionnairesFinally, we assessed the dependencéhefapeutic responsm
98 variables atbaseline
99

100 Patients andmethods

101 The study was“performedver 4 yearspetween 3/2011 and 3/2Q1# 26 centresfor paediatric

102  endocrinelegythroughout Germangnd coordinated bthe first author athe Department for Chical

103  AndrologyyCentre for Reproductive Medicingniversity of MinsteiGermany

104

105 Ethics

106 Informedwritten consent by majorandassent by minors with consent of their parents was obtained

107 for all procedures. The study wapproved by thé&thics Committee of the State Medical dard of

108 WestfalenLippe (approval number2010427--S).

109

110 Inclusion criteria

111 Malesaged 1422 yearswith hypogonadotrdmic hypogonadism(HH) were enrolledin the study

112 Subsets of participants were as followsiys/adolescents with
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-absent puberty bgige 14 confirmed bytesticular volumes <4 ndach sideprepubertal levels of LH,
FSH andtestosteronand failure of GnRH agonist (buserelin, 10 pg/kg s.c) to stimulate>4-HJ/I
after 4 hoursandor absentpubertalresponsdo “priming” with low-dose (56100mg) testosterone
enanthate i.m. over-@ months.

-early pubertal arrest after age 14, confirmed by arrested testicular greitithvolumes >48 ml
each sidpandprepubertal levels of LH, FSH artdstosterone.

-Kallmann syndromeconfirmed by presenceof amosmia or severd&yposmia (by “Sniffin-sticks”,
Burghart Messtechnik GmbH, Wedel, GermaaylKAL1 mutation

-congenital oacquiredmultiple pituitary hormone deficiencigd1PHDs)

-CHARGE syndrome.

Exclusion criteria

Patientswith_constitutional delay ofgrowth andpuberty (CDGP) testicular disordersp(imary
hypogonadisi-RPraderWilli syndrome, functional hypogonadisfdue to eating disordeor chronic
diseass) or_with /HH due to untreatedabnormalities of the hypothalampituitary regionwere

excluded.

Primary study-end:points
-Final bitesticular volumes (BTVs= the sum of both testicular volyrbgsPrader orcldometry

-Final sperm eéoncentratiorfSCs) according toVHO 2010 criterid?

Secondary study-endpoints

-QoL postgonadotropin treatment, compared tpreireatment Assessed \b three standaised
questionnairestlnventory for assessment of quality of life in children and adolestétit«”) **,
“Inventoryforassessment of depression in children and adole$qg¢BKJ") *°, and“Questionnaire
for assesment ofemotion regulatiatrategiesn children and adolesceit§ FEEL-KJ") *° and

by two questions'on sefperceived satisfaction with testis size and masculinity

Treatment'protocols

Patiertis were divided into two groups

Group A includedpre- pubertalHH boys(Tanner stag&1 withtesticular volume¢TVs) <4 mleach
sideor HH bays withearly pubertal arre¢tanner @-3 with TVs>4<8 ml).

Group B comprisedfully virilised (Tanner G45, TVs <4ml each sideHH adolescents who had

received at lest 1.5 years of full (250 mg i.m. everyd3veeks) testosterorenanthate replacement.

Highly purified uinary-derivedhCG (Brevactid®) followed by combined hC@&#SH (Gonal f®)was

selfadministeredvith or without parental helpia subcutaneous injectis, two injections/weekon
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150 Mondays and-ridays)for hCG and threenjectiongweek for rFSH (on Mondays,Wednesdays and
151 Fridays)

152 The end of gonadotrbm replacement was defined by cessatafrtesticular growth and plateauing of
153 sperm concentrations in the ejaculaterat leastwo observations & montHy intervals

154

155 Protocol group A: For testosteroneaive prepubertal boygor early pubertal boys with arrested
156 puberty) the following gonadotropm replacement protocolvas recommendedAs pre
157 pubetal boys have not yet attained their adult heightlatively lowstarting dose of (25D
158 500 IU hCG wasnjected subcutaneously on Mondays and Fridaysjraatdmental increases
159 of 2505004U hCG per injection every 6 months to a maximum of 3 x 2BOChCG
160 s.c./week wergecommended. The aim wae achieve pubertal levels (serum testosterone
161 >1.5 ng/mlj [5.2 nmol/l]) after around 6 months, and levels in the mid-normal adult range
162 (testosterone >3.5 ng/ml, [12 nmol/l]) by one year. rFSH (follitropin al@a (75)150
163 IUs.c/week (injected Mondays, Wednesdays and Fridags)added when pubertal serum
164 testosterone..levels >5.2 nmol/l) were reached, without ubsequent rFSH dosage
165 modifications.above 150 IU per injecticiming atphysiologic serum FSH target lesdéletween
166 1-7 U/L.

167 Protocol group B:

168 In those adelescentseviously treated wittestosteronevho had completed pubertal virilisation
169 and linear growth (documented by left hand digital epiphyseal fystoa)following gonadotrdpn
170 replacement mtocolwasused:A full (adult)hCG stating dose of 1.500 IU s.c. wasitially
171 applied twice weekly(injected subcutaneously on Mondays and Fridays). HCG dose
172 reduction was,recommendé&derythrocytosis, gyaecomastia or excessive acoecurred If
173 tesbsterone levels remad below the normal adult range (<12 nmol/l) afte® Gonths, the
174 hCG doseswasicreased by increments of F00000)IU per injectionevery 6 monthantil
175 achievement-of:serum testosterone lewel@ nmol/l, but not above a maximumof 3 x 2500
176 IU hCG s:c./week In all patientsrFSH (follitropin alpha)150 IU was additionally injected
177 thrice weekly (on Mondays, Wednesdays and Fridagfler 3 months of hCGwithout
178 subsequent dose modificatiomgming atphysiologic serum FSH target levels betweeh /L.

179 Basdline, follow-up, and outcome measurements

180 All boys were examined at baseline and during tmeathly follow-up visits while undergoing
181 gonadotropin substitution annual bone age estimatiomsre performed in group A.

182 Individual clinical details at baselifecluding underlyingcauses of HHand presencer absencef
183 previous cryptorchidismpand outcomedata (primary study endpointsare described in Table 1.

184 Testicular volumes wermeasurd clinically using a Prader oratometer summated lef plus right
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testicular volumes(BTVs) were calculated. To confirm testicular growth and to rule out-intra
testicular pathologiesultrasound investigations were additionally performed (using the farmul
length x width x depth/2 for baseline and folloyy volumes and the ellipsoid methddfor final
volumes). AMH and inhibin B levelsere assessed at baseline, at initiation of rFSH replacement and
on final assessment. LH levels were measured to rilspmntaneous activation of the hypothalamic
pituitary-gonadal(HPG) axison gonadotropin substitution;serumtestosterone levels were measured
every three monthso monitor Leydig cell response andalong with FSH levels adherence to
treatment. Once pshio-sexual maturity was attained, ejaculavesre collected(by masturbation)
after at least 48h of sexual abstinence, and thereafter repeated every threeuntdnglaeauing of
sperm concentrations in the ejaculatas documented in two followp vidgts. All samples were
analysed for volumesperm concentrations, progressive motility and morphdfogytal sperm counts
were calculate. By the end of gonadotrdjn substitution, all patients able to provide a semen sample
had a final centraded assessent by one experienced physiciafJR), comprising pmary and

secondary endpoints afidal height.

Laboratory methods

Inhibin B and,AMH levels were analysed in frozZgloodserum samples ithe centraktudycentre
Inhibin B (solidephase sandwich assays, Becli@anlter; intraassay coefficient of variation (CV):
3.3%; (highacontrol: 4.9%); detection limit (DL): 18g/ml. Crossreactivity with inhibin A: 1%).
AMH (ELISATDRG Instruments GmbH; CV: 5.7% (high control: 9.0%); DL: 0.14 pg/ml)

The other standard hormone investigationdH, FSH, testosterone were performed bythe

participatingscentreduring hCG/rFSH substitution amdain in the studgentre at final assessment.

QoL assessment

All patientswere,asked to fill in four questionnaires atebas and by the end of gonadothop
replacementThedLK questionnairancluded 9rating items onthe adolescent’s perception of his
situation inglife;"involving school, family, personal interests and leisure actjvjilgssical fitness,
mental fitnessgisease burden and burden by therapeutic interventions. Evaluation was perfomed by
calculation® ofhealthrelated QoL scores rformal: 70-100% and problem score®if severity scale
from 1-7). The DIKJ questionnairencluded26 items orthe adolescent'emdional and somatistate
including negative feelings and consequences of depressive mood. Evmlwats performed by
calculation.oft-scores (with significant depression defined as a sco®%%). The FEE-KJ
guestionnairey included 42 items assessing adtdpe and maladaptivestraegies for emotional
regulation. Two additional questionsevaluated”satisfaction with testis siZzeand “satisfactionwith

masculinity on a scaldrom -2 to+2.

Statistics

This article is protected by copyright. All rights reserved
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Analysisand draftingof figureswas performedising Grap Pad Prisn®.0 (GraphPad Software Inc.
La Jolla, USA) All results are expressed as the mea8D and additional mediafrange) for QoL
data Where mrmaity of distribution was determinetifess for independensamplesvereconducted
otherwisethe Mam-Whitney-U test was usedependencéetween two variablesas assessagsing

Spearman's rank correlation coefficieBignificance was defined gsvalue<0.05

Results

A total of sixty patients aged 122 years with HH were enrolled. Groupbbdys (n=34), mean age
15.5years wereprejpubertalor had early arrested puber@roup Badolescents &26), mean age
18.8years hadreceivedpreviousfull testosteronenanthatereplacement for 1-5.7 years (mean: 3.
years)

Following manotherapy with low des of hCG replacemerttvo (additional)previously prepubertal
patients were recogssd as having CDGP and not Hiising LH serum levels and pubertal testicular
growth were=observeth these subjects. These patients were not includdtieinstudy and hCG
replacement waseased

In group A threespatientsliscontinued hCG/rFSH replacement; one patient with congenitkiple
pituitary hormone,deficiencieMPHD), and 2 patients witlbongenital normosmic HH (@H). Four
patients hadmotwet reached the dpeutic endpoints at the time of evaluation of the stiedying27
participantsiin 'group ATwenty-three group A boys provided semen samples for final assesdment.
group Blthreepatients withdrew from the studgne patientwith MPHD after tumouisurgery, ame
patient with congenital MPHD and one patient with GHi#dving23 group Bparticipants Nineteen

group B adolescentwovided semen samplés final assessment

Puberty induction

In dl groupsA'boys pubertalvirilisation to Tanner stage \Wccured without major adverse side
effects Mild 'gynaecomastia (Tanner3) was observeth four subjects severe acneid not occur
Pubertal growtifrom a mearpretreatmenteight of 168+1@m to a mean findheight 0f181+8 cm,
appropriatesforsmigbarenth target height(180+6 cm) was documented. Bone ageaturedfrom
14+1 .4to 17 years Adolescentsn group Bgrew from176t9 cm (bone age prereatment: 16.7+0.7
yeas) to 178t8cm (parental targetl77+4 cm). Pubertal Tlevelswere reached afte+3 monthsof

hCGtreatmentin‘group And afte4+3 monthsin groupB.

Endpoints

Final bi-testicular volumes (BTVs) (Figure 1)

Gonadotropins wereadministered for 2447 22+6 monthsin group A/B, respectively untdessation
of testicular growth

BTVs rose fromb+5 ml at baseline to 1048l on hCG alone and to 3448l after combined treatment
with hCG and rFSH in group A and from 5£3 to 845 to 32+3 ml in groygigure 1) Changes in
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260 testicular sizesn response tgonadotropin treatmentin the differet HH pafent subsets oboth
261 groups(A/B) are detailed in Table 1.

262

263  Sperm concentrations (SCs) and other semen parameters

264  Spermwere found in 91% (21/23 of group Avs. 95% (18/19) of group B patients. Wo group A
265 patients gnewith KS and one with CHH, both withinitial BTVs of 6ml) and onegroup B patient
266  (with CHH,/with initial BTVs of 2 m) remainedazoospermicOnly one of therhad a history of
267 Dbilateral cryptorchigm. Successful microscopic testicular sperm extraction (nNTESE) was performed
268 in thelatterpatient with KS andmTESE samples were cryostorfet potential future use in assisted
269 reproductionThe other twazoospermipatients did not wish to undergo surgerydperm retrieval.
270 SCs plateaued afteB1+6 / 30t7 months from start witthCG andafter 259 / 25+9 months of
271 combined hCH rESHtreatmentin A/B, respectively(Figure 2). Anal SG were norma>15mill/ml)
272  in 61%(14/23/in groupA and32%(6/19) in group B andmean SCsvere nonsignificantly higher in
273 A (40+73millfml)than inB (19+38 mill/ml; p=0.07.

274 In group B frst sperm werdound 157 months after start diCG administrationand 11+6 months
275 after initiationmofiFSH treatment The previously prepubertal boysrequired 2.0tlyears of
276 gonadotropin.replacemenbefore”feeling matureenough’ to provide a semen sampler laboratory
277 analysis In thissgroupfirst sperm were documentedter 2140 months othCG and 1%7 months of
278 combined h€@FSHadministration

279 Mean final'€jaculate volumeasslighty lower than the WHO normal value group A (A: 1.3+0.2
280 ml; B: 3.8+0.8_ml;normat >1.5 ml). Final total sperm counts were not significandijfferent (A:
281  60x£160millB42+55 mill; normal: >39 mill; p=0.43), neither wasrpgressivemotility (A: 43+18%;
282  B: 42+14% normal:>32%), norsperm mophology(A: 4+3%; B: 3+2%); normal>4%).

283

284  Quality of life(QoL) before and after gonadotrophin replacement

285 At baseline; healthelated QolLscoreqILK) (Figure 4 wereatthe lower limit ofthe normal rangen
286 both groupsrfiedian A: 74%; B: 75%). Healthrelated problem scorg$LK) (on a scale from 17)
287 were comparablen A and B, but showed large intiadividual variations rhedian(range) A: 2.0 (O-
288 7); B: 1100 (05)): Group B alolescents hadsignificantly higher baseline depression scores
289 DIKJ) thangroup Aboys with less variatiorfmedian (range)A: 34 (0-100), B: 50 (35-73); A/B pre-
290 treatmenip=0:03:

291

292  After gonadetropin treatmentQoL scores wersignificantly higherthanpretreatmenin both groups
293 (A: 86%; pre/post p0.03 B: 82% pre/post p=0.08 accompanied bysignificantly lower post
294  treatmenproblemscoregA: 0; pre/post p=0.04B: 0; pre/post p=0.0landlower depressioscoresn
295 groupA (A: 19 (3-94), pre/post p=0.B), while depression scores in groBphad not significantly

296 changedB: 43 (3566). Whencomparing postreatment scorebetween the two groupdepression
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scoresof group B weresignificantly higher than those of fposttreatment A/B p<0.01)while post
treatment QOL and problem scores were not different.

There were naignificant changem response tgonadotropin treatment in both groupsith respect

to scores fordaptiveand maladaptivetrategie®f emotional regulatiofFEEL-KJ) (data not shown)
Selfreported satisfaction (on a scélem -2 to +2 concerningtestis sizevasconsiderably higher in
both groups after gonadotitap treatment (mean piteeament scores A/B:1.2/-1.2 vs.+1.3/+1.1
post treatment in A/B, respectivglySatisfaction concerning masculinity increased more in group A
(A: from -0.5t0'+09vs.B: from 0.2 to +0.2 (supplementaryigurel).

Analysis of baseline variables potentially influencing therapeutic response to gonadotrophins

-Causes of HH

With respect tadheence to treatment, which was betiergroup A(supplementary igure 2, there
was atrendtowardshigher final BTVsand higher final sperm concentratiomshieved bypatients
with childheedacquired causes of HH (MPHD aftermoursurgeryand CHH with pubertal arregt
compared to.those with congenital cau@éaimann syndome, CHH with absent pubertyongenital
MPHD (group=Asfinal BTV HH acquired 50+21ml, vs.HH congenital:34+14; p=0.07final sperm
concentration,acquired HI94 + 81mill/ml vs.congenital HH43 + 17; p=0.3)Table 1).
-Undescendeditestes

Final sperm.cocentrationsof patierts with bilateralcryptorchidism were lower thafor those with
unilateralornetndescendetkstis Figure &). Of the whole cohort of adolescents, 15 subjects (45%
of group A and.32 % of group B) (Table 1) had a history of undesdetas$tes, 4 unilateral and 11

bilateral at-birthwAll had ehidopey before the age of six, most of them before the age of two.

-Initial testicular,size

Initial BTVs«(by ultrasoundl correlated with final ultrasound BTWn gonadotropin replacemenin
both graipsy(r:-A:0.56/B:0.57; p<0.001)(Figure 3). BTVs also correlated with final sperm
concentrationgand finaltotal caunts)in group A(r: 0.51; p=0.02§ but not ingroupB.

-Markers of Sertoli'cell maturity (inhibin B, AMH)

Baseline inhibin B legls before gonadotrdm replacement correlated with final BTV in both groups
(r: A: 0.51/B=0:57; p<0,01)Figure 3c) A significant correlation with final SCs (r: 0.64; p=0.002) and
final total count (Spearman r: 0.73; p=0.0002) was found only in group A

There was ansignificant correlation of baseline AMH and final SCs and total swemb (r: A:
0.42/B: 0.41; p<0.02) in both groups (Figure 3d), and a significant correlation with finat BTV
group A (r: 0.40; p=0.047).

Kinetics of Sertoli cell markers during gonadotrophin replacement
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Group A hadbaseline mhibin B levels of 3985 pg/ml, rising to76+61 pg/ml on hCGalonewith
maximum nhibin B levels on hCG/rFSH df77+118pg/ml (normal adult range125330 pg/ml)
(Tablel1). Mean seruninhibin B leves werelower at baselinen group Bwith 27+23pg/ml (p=0.02)
HCG-stimulated levks (44128 pg/ml) andmaximum inhibin Blevelson hCG+FSH (122+73pg/ml)
were notsignificantly differentfrom group A

Meanbaseline " AMH levelsvere not significantly different betweergroups A/B(respectively31+32
vs. 20£13ng/ml), declinedto 17+19 / 16+15 ng/ml on hCG and reaching minimum levels on
hCG/rFSH 0f5:8:4:373.7+2.7ng/ml (normaladult range1.3-14.8ng/ml) (Tablel).

Discussion

Complete pubertal induction

While the standard therapeutic regimen for pubertal inductioys with HH based on testosterone
administration’ has largely negledt testicular growth and spermatogeneshis tcomprehensive
prospectivestudydemonstrates that induction admpletepuberty including testicular maturation can
be achieved_by gonadotrbjm substitution.In addition, ar observations confirm that pubertal
virilisation cansberinduced with gonadothips without major adverse effects and with attainment of

final heightsiin,the range of mighrental expectatioris boys with HH of various origins.

Treatment pretocols

We hereby“suggest a protocol for hCG/rFSH replacenmemprepubertalboys and testosterone
virilised adolescents with Hithat is effective, irrespective of thumderlyingaetiology While protocol

B (aiming atstesticular maturation after completed virilisatisnomparable to regimens previously
described for adults® % protocol A was established for complete pubertal inductiorpie-pubertal
boys allowing,for,developmentaimmaturity (including delayed bone ayeand aiming to achieve
physiologic gpubertal increments in serum testosterone ledeisng the first year of hormone

replacementwigrogressivéhCG dose escalation.

Differentialxdiagnesis of CDGP

The suggestegrotocol A enables activation of the pubertal GnRH pudgmeratorin cases of
unrecogreed constitutional delay of puber(€DGP)by use of low initial hCG doses, exerting only
minimal suppressive effects on the hypothalapitoitary-gonalal (HPG) axisWe thereby identified
two patientsswongly diagnosed withHH. Nevertheless, special attention to LH levels during

gonadotropinireplacement seems mandatory in viewhig challengingdifferentialdiagnosis
Somatic outcomes (primary study end points) and duration of gonadotrophin replacement

The findings of this study provide evidence that pubertal virilisatioooncert with pubertal testicular

growth and initiation of spermatogenesian be successfulipducedduring adolescenc&vith >72%
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normal(adul) final testicular sizeand>92% evidence dfull spermatogenesiachieved by combined
treatment with hCG and rFSHreatment for 6 months with hCG, followed by 25 months with rFSH,
i.e. around 2.5 years of gonadothip administrationseens to berequiredin adolescent$o achieve

full individual potential fotesticular growth andpermatogenesis.

Previous studies on adolescents
Previousstudies including a small number gfrepubertal HH boys have demonstratbd “proof of

8, 10, 26 27, and

principle” that"hCGinduces a rise in serum testosterone leyeésulting in virilisation
that hCG, .combined withFSH stimulatestesticular growth and activates spermatogenesis in

adolescent§ 891! Taple 2providesan overview orhese studies, in comparison to our study.

Gonadotrophin preparations

The efficacyand safetyof gonadotropin substitutionin adultmale HH patient$or initiating testicular
growth andsspermatogenesssifficient for fertility, has bee reportedon several occasions # * *
HCG cantains. almost exclusively L#tike bioactiviy '8 stimulatingtestosterongroduction by Leydig
cells; FSH dsmrequired for spermatid maturation (spermogenesis) duneginitiation and for
maintenance,ofjuantitatively nomal spermatogenesis at puberty and thene&ft&®. HCG has been
usedas a sourcexdfH since 195" and urinay human menopausal gonadothop(hMG), applied to
substitue forFSH sincd 966" > ® "?2 Highly purified urinaryFSHhas beeravailable since1997/98
24 andrecombinant FB (rFSH)since1995> % 2* % |n this studyrFSHwas used, as it is the only

FSH preparation licencefbr fertility inductionin hypogonadotroic malesin Europe

Argumentsfor conventional pubertal induction in HH

An argumentthat,hasbeenraisedin favour of the traditionateplacementegimen using testosterone
enanthatdorpuberty induction irHH is the practicability ofone (or two)-monthlyi.m. injectionsand
thelow costsef this replacement strategyhile the expenses of urinaderived hCGreplacement are
comparableyFSH'is expensive Another reason for compliance with testosteraseelatedto the
assumptienthats«fertility is “notyet an issue’at an adolescent aged that the current strategy i

satisfactorilyraddressing the patient’s needs in terms of masculinity.

I mpact of gonadetrophin replacement on quality of life

Our results.of QoL assessment jg@nadotropin treatmentdemonstratehat the feeling of “being
different” in‘terms of sexualevelopment at a time when normal puberty ocdwas,anegativeimpact

on the young HH patient svell-being Higher pre treatmentdepression scores ipoys who had
previously received testosterone for puberty induction (groupdnpared tdgestosteronaaive boys
(group A indicatethat replacement of testosterot@es not resolve this problei®oys with HH do

have pervasive and persistent concerns with body image and future fertility probpsatsport of

this, a recent paper identifying unmet health needs of CHH patients based obhaseglassessment
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409 found that these individuals often struggle with the psychosseiglielae of CHH® Our study
410 provides evidence for reduced anxiety and improved overall QoL parayweters physical pubertal
411 normalty is achieved and when thepotential for future fatherhoods demonstratedby activated
412 spermatogenesis

413 Although satisfaction with testiculasize was remarkablyhigher after gonadotrain replacemenin
414 both treatment groupsve observed lesser finahtisfaction with masculinity angersistentlyhigher
415 depression/scores, even after treatmantgroup B.Previousinduction ofincomplete puberty by
416 testosteronghusSseems to neglea “window of opportunity” to provide sedssurance anpromote
417 confidencefor the future Body imageand fertility concernsn the HH patienimay therefore best be
418 addressedt a peerelated timeIn support of this, werall complianceof study patientsvith taking
419 five s.c.injectionsper weekwas surprisingly gooénd even better in previously prpubertal boys
420  who were still under parental supervision

421

422  Comparisonsof-adelescent outcomes with those of adults

423  Treatment outcomen boys andadolescents our trial werebetterthanthosereported for adut® *°
424  *° ?supplementary dble ).

425 However, higher,sperm concentrations achieved by adolescents may only be a relatitegadan
426 spermatozoamoHH patients treated with gonadottops or GnRH have an excellent feditig
427 potential, despite:subnormal coufifs®® 3¢ 332

428

429  Impact of previoustestosterone replacement on somatic outcomes

430 Our study contributes to thiestionwhethertreatment effects ajonadotropins during adolescence
431 are affected by previousstosterone replacemeht line with arecentmetaanalysis ofpreviousadult

432 studied®, which.showed no significant association between prevalence of previous testosterone
433 replacementrand,sperm concentratior, did not observedifferences in outconsewith hCG/FSH
434  replacementn terms of testicular sizer sperm count achieved in ppebertal boysss. adolescents
435  with prior full-dese testosteromeplacemenfor up to 5.7 yearOnly one out 6threepatierts who

436 remained=azoospermitad previously received testosteroie contrast, in another study @dult

437 patientsthat werepreviously treated with androgersdecreased likelihood of achieving sperm output
438 thresholds andconceptid*was observed.

439

440 Factorsinfluencing therapeutic response to gonadotrophins

441  The resultofithis studyindicatethattesticular growttpotentialandsatisfactorysperm concentrations
442 in response tgonadotropin substitution during adolescendependon various factors at baseline
443 Patientswithout previous bilateral cryptorchidism, with noongenital HH causeswith higher

444  baselinetesticular volumesand with higherbaselineinhibin B and AMH serum levelshad more
445 favourable outcomedhese findings are in line with predictorsreponse to treatment that have been

446 definedin adult studies® 2429 31 3235 3% Al the abovementined parametergeflect the degree of
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447  seminiferous tubular maturatiadghat may have occred pretreatmentwhich in turnis dependenbn
448 the onset and the extent of GnRH and/or gonadbitnodeficiency However, as responses also
449 depend on adherence to treatmeintlividual outcomegannotreliably be predictedThe variability in
450 observed esponse within certaindiagnosic subgroups (Kallmann syndrome, CHH, MPHD
451 congenital)may alsobe due to genetic heterogeneity and oligogenitityr epigenetic phenomena,
452 resulting indifferenthormone secretion patterns, varying from complete absence of pulses to disorders
453  of amplitudé and/or frequend¥;

454

455  Further argumentsfor early gonadotrophin substitution

456 Timely competed testicular matuiah has further considerabledeantagesiFirst, it is likely to
457  significantly reduce the time necessary foiimguction of spermatogenesis by future gonaddirop
458 cycles in adulthood ¥, therdoy enablingearlier spontaneous conception of the partiibis seems
459 important in_view of increasing female age at first pregpancmodern societiesSeond, poor
460 responders:tosgonadottup replacementluring adolescence maespond worswith increasing age.
461 Our adolescentswere thereforegiven the opportunity for sperm cryepreservation, thereby
462 safeguarithgsamchance for future biological paternity case of adverse futuvents concerning
463 fertility. Third,,adolescents with persisting azoospermia may undergo mTESE before gwitchin
464 permanent testosteroneptacemenand thereby rescue sperm for potential use in future reproduction
465 This was suecessfully performadone patienin ourstudy.

466

467  Future prospects

468 Questionsremaims to the optimal timing afeatment withFSH and whether an attemgtiould be
469 madeto expand Sertoli cell numt®reither during the neonatal period HHH is recognsed bythe
470 presence of'micropenis and cryptorchidisthor before initiating pubertyand whether these actions
471  could improvefertility In a recent stud$?, 7 adultHH patientswithout cryptorchidismgiven FSH
472 treatmentefore GnRH substitutiohad serial testicular biopsies showirgrtoli and spermatogotia
473 cell proliferationandhigher final sperm counts than in the congmup However final SCswere far
474  below thenormalrangd5.8+2.3mill/ml).

475

476 Conclusions

477 The availability=ofhCG and rFSHor replacement of gonadotrbms provides an alternative option
478 for endocrinelogists to safeipducepubertyin boys wih hypogonadotrdpic hypogonadismleading
479 to normal limear growth and virilisation,testicular enlargementand early induction of
480 spermatogenesishis method is effective and reassuriftg affected individuals and is likely to
481 reduce the expense, duration and anxiety of late fertility induckamourableoutcomes during
482 adolescence agar not to be compromised Isportterm prior testosteronesubstitution Clinical
483 parameters, reflecting the onset and severity of GnRH and/or gondiiotdgficiencymay serve as

484 tools topredictresponse to treatment.
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Figurelegends

Figurel

a) Testicular growth over time in responsegtunadotropin replacement with hCG and rFSH in pre
pubertal (group.A) antestosteroneirilised (group B) adolescents with HH

b) Final bi-testicular volumes (BTV) over time to final BTivom startof hCGtherapyin group A and
B.

The dashed. lines indicate the lower limit of normal BTVs (24r§; lilack lines indicate mean final
BTVs and mean-duration from stafthCG until attainment of final BTVSs.

A: mean finahBTVs: 3416 ml with 74% (20/27) of patients reaching a normal BD¥ml,

mean durationfram staof hCGtherapyuntil final BTV: 24£7 months.

B: mean final BT.V:32+16 ml with 70% (16/23) of patients reaching a normal BJ4ml;

mean duratiofirom startof hCGunitil final TV: 22 £ 6 months; all p>0,05; n.s.

Figure?2

a) Increase in sperm concentration over time in resporgengdotropin replacement with hCG and
rFSH in previeusly prgubertal (group A) and previousltgsbsteronevirilised (group B) adolescents
with HH.

Baseline azoespermia was assumed in all boys of group A, “eat@ment semen analysis was not
possible dueto psycksexual immaturity.

b) Final .ssperm=concentration over time ré{SH treatmentuntil a dateau in group A and Bvas
reached

A: mean final sperntonc.: 4&73 mill/ml, with 61% (14/23) of patients reaching a normal sperm
cone@ntration=15"mill/ml; mean duration from start of rFSH until final sperm cooentration 25+7
months.

B: mean final sperm coeatration 209 mill/ml, with 32% (6/19) of patients reaching a normal
sperm cone15 mill/ml (A vs. B: p=0.007); mean duration from staf rFSH therapyuntil final

sperm conentration 25+9 months; (A vsB: n.s.).

Figure3
Predictors of rgponse to hCG/rFSH treatment
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522 a) Presence of undescended testds birth: Mean sperm concentrations for paserwith
523 bilateral/unilateratio cryptochidtestes at birth were: 4488146/ 44+74mill/ml, respectively.

524  b) Correlation of initial ultrasound 4ésticular volume (BTV) with final ultrasound BTV in both
525 groups (A+B); Spearman r: 0.56/0.57; p<0.001.

526 c) Correlation of baseline inhibin B sendevels with final BTV (Prader) in both gips;r: 0.51/0.57;
527 p<0.01.

528 d) Correlation of baseline AMH serum levels with final sperm quéiperm concentratiomd total
529  sperm count)r{042/0.41; p<@2) in both groups.

530

531 Figure4

532 Box andwhisker plos showing medians, interquartile ranges (boxes) and ranges (whisters) for results
533 of QoL questionnaires. These were€fillin by n= 26 group A boys befogenadotropin treatment
534 and again(n=15) after puberty induction with gonaddtirep while n=17 teststeronevirilised
535 adolescentsanswered allquestionsprior to gonadotropin substitution and n=13 of thesmgain
536 following gonadotropin replacement.

537

538 Supplementary,Figure 1

539 Selfreportedssatisfactiofon a score ranging fror2 to +2)with testis size anthasculinity before and
540 after gonadotrdgn replacement in previously ppubertal boys (group) and testosteroneirili sed
541 adolescents(group B) with hypogonadoticphypogonadism

542

543  Supplementary:Figure 2

544  Serum testosterone levels on gonaddtiopeplaementwith hCG and rFSH in previously pre
545  pubertal (group,A) and previously testosteromrdised (group B) adolescents with HH in response to
546 Leydig cell sstimulation with hC@subsequently combined with rFSHJransient drops in levels

547 indicate omissiomf hCG injections by the adolescent.

548

549

550
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Tablel

Baseline and outcome measurements on hCG/rFSH therapy in previously pre-pubertal (A) and T-virilised (B) adolescentswith HH

Cause of HH | baseline baseline baseline cryptorchidism | InhibinB max. AMH min. final BTV final sperm conc. | final total sperm
inhibinB AMH BTV (ml) (% of cohort) (pg/ml) (ng/ml) Prader orchio. (mill/ml) count
n:A/B (pg/ml) (ng/ml) Prader / (mill)
orchiometer/ ultrasound
ultrasound (ml)
A B A B A B A B A B A B A B A B A B
Kallmann 208 18418 | 21+13 | 18+12 | 3.5¢+1.4/ | 4.24#3.3/ 82 56 11266 87152 3.7£2.7 2.8+3.2 | 3048/ 31+13/ | 3736 2152 19422 2643
syndrome
1.520.6 2.130.6 1618 1615
n:11/9
CHH absent 31+19 2822 | 21+14 | 26417 | 3.5¢1.7/ | 4.6%2.4/ 33 29 198+145 | 266+128 | 6.045.7 5125 | 39+18/ | 3616/ | 3748 24428 39457 68+70
puberty
1.941.0 2.2+1.5 26415 2448
n:10/8
CHH pubertal 120413 | - 1022 - 2016/ - 0 - 21952 - 5.0£0 - 42+12/ | - 8.8+9 - 19427 -
arrest
14.0£2.8 3116
n:2/0
MPHD 1444 3133 | 1115 1316 25420/ | 6.0%5.0/ 25 33 126 1334173 | 3.7+2.2 22429 | 2347/ 26423/ | 19.3+20 | 4.2 51416 59
congenital
0.90.5 2.6%1.1 116 24416
n:5/3
MPHD after 94+102 | 3329 | 32+14 | 22+11 | 55t4.4/ | 6.3+4.0/ 0 0 2704156 | 17735 8.7+10.9 | 3.9+1.5 | 6028/ | 2421/ | 180%222 | 12#12 261303 | 18%12
tumour
4.916.2 3.4+2.8 36+11 199
n:4/6
CHARGE 48+31 - 42+47 4,0+2.8/ - 100 - 49.7 - 1.85 - 36+19 - 8.9+11 - 2.8+4 -
syndrome
1.420,9 11
n:2/0
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Tablel

Baseline and outcome measurements on hCG/rFSH therapy in previously pre-pubertal (A) and T-virilised (B) adolescentswith HH

all patients 39+45 27+23 | 31+32 | 20+13 | 4.6+4.7/ 5.0+3.4/ 45 32 177118 | 122473 5.8+4.3 3.7+2.7 | 35%15 32+16/ | 4073 19+38 60+160 42155
n:34/26* 2.7+3.8 2.5+1.6 21+12 1948

p-value p=0.02 p=0.24, n.s p=0.89; n.s _ p=0.14, n.s. p=0.80, n.s. p=0.95, n.s. p=0.07, n.s. p=0.43, n.s.

(A/B) p=0.48; n.s

*Semen was available for analysis in 23 group A and 19 group B patients
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Table 2

Outcomes of previous studies on gonadotrophin replacement in adolescents with hypogonadotrophic hypogonadism and outcomes of this study

Studies Number of Age Gonadotrophin Duration Adult MeantSD Spermato- Sperm Time to
adolescent (years) preparations and of T levels median(range) | genesis concentration sperm
HH patients sequence of replacement reached final single TV achieved achieved (mill/ml) | plateau
applications (months) () (ml) reached median (range) (months)
mean+SD
. ______________________________________________________________________________________________________________________________________________|
Liu L 3 1 -17 hCG/HMG n.a. 100 9+1 n.a. <5 n.a.
etal. (subset of total
(19 ) cohort) cohort: 0
Schopohl 9 1 -24 hCG/MHM 202 100 n.a. n.a. n.a. 2012
etal. (subset of ( -30) total (2-2)
(1993)7 cohort) cohort: 47
Barrio 14 13-21 hCG+rFSH 31 100 IHH: 7/ (7)) n.a. n.a.
et al. IHH: 7 10+4 IHH: (1.5- 0)
(1999) panhypopit: 7 panhypopit: 4/5
15%5 panhypo: 3/3
Raivio 14 10-1 rFSH-> rFSH: 100 /7 ( ) .5 n.a.
etal. rFSH+hCG 2-34 (2-37) (2.9-92)
(2007)° hCG+FSH: n.a
Sinsi 10 11-25 hCG~> hCG/rFSH: 100 10 n.a. 29 n.a.
et al. (stbset of hCG+rFSH 12 (-24) (7-15) total (2. -9 )
(200 )*° cohort) cohort: 1
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Table 2

Outcomes of previous studies on gonadotrophin replacement in adolescents with hypogonadotrophic hypogonadism and outcomes of this study

Zacharin

7 1-22 hCG—-> hCG/rFSH: 100 12+7 7/7 (100 ) 1.2 n.a.
et al. (subset of hCG+rFSH 9 10 (0.2-15)
(2012) " the cohort) (5-27) 4, +
This study: 0 14-22 A: A: A: 100 A: A: A: A:
Ai34 hCG—> hCG:31+ B: 100 17+ 3; 21/23(91 ) 17 (0.2-337) 31+
B:2 hCG+rFSH hCG/FSH: 25+ 9 15 ( -40) B: 40+ 73 B:
B: B: B: 1 /19(95 ) B: 30+7
Testo> hCG:30+7 1 +3 3.5(0.1-15 )
hCG> hCG/FSH: 17.5 (2-30) 19+3
hCG+rFSH 259
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