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Growth in Full-Term Small-for-Gestational-Age
Infants: From Birth to Final Height
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Figure 3. The relative risk of being short at different ages for SGA infants in
relation to non-SGA infants. The ratio is given for the two SGA definitions
used, i.e. a birth length below —2 SDS (SGA,) or a birth weight below —2
SDS (SGA).
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Cianfarani 2008

TABELLA Il1. Criteri per l'impiego del GH nei bambini SGA secondo la FDA (Food and Drug

Administration) e 'TEMEA (European Agency for the Evaluation of Medicinal Products).

FDA EMEA
Eta di inizio (anni) 2 4
Statura Non definita <-2,5DS
Velocita di crescita Non definita <0DS
Confronto con Non definito Statura oltre 1 DS al di sotto
la statura genetica della statura genetica
2001 2003
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Selezione del pazienti
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13-10-2009 GarzETTA UFFCIALE DELLA BEFUBBLICA ITALIANA Serie generale - n 133
E

NOTA 39

Per poter accedere al trattamento con GH in individui nati SGA ¢
necessario rispondere ai seguenti criteri:

Bambini nati piccoli per I’eta gestazionale (SGA - Small for Gestational Age) con eta uguale
0 superiore a 4 anni,

Peso alla nascita nei nati singoli uguale o inferiore a —2 DS (< 3° centile) per ’eta
gestazionale, basato sulle tabelle di Gagliardi e comunque inferiore a 2500 gr.

Eta al momento della proposta di somministrazione del GH uguale o superiore ai 4 anni;

Statura inferiore o uguale a —-2.5 DS e velocita di crescita inferiore al 50° centile.
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Impact of Growth Hormone Therapy on Adult Height of Children Born Small
for Gestational Age
Arianna Maiorana and Stefano Cianfarani

Pediatrics 2009
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FIGURE 4
Effect of long-term GH therapy on height gain in RCTs.
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Quality of Life in Adolescents Born
Small for Gestational Age: Does Growth
Hormone Make a Difference?
Horm Res 2005

Ellen M.N. Bannink® Yvonne K. van Pareren? Nicolet C.M. Theunissen®
Hein Raat® Paul G0, Mulderd Anita C.5. Hokken-Koelega®

Table 2. Results of the TACQOL-S GH-treated SGA  Untreated SGA Effect sizef p value
group (n = 24) group (n = 13) id)
Physical abilities
....adolescents born SGA, us 0.8 {9.3}'; 743(19.8 053 0.004
) : o 3.6 (7.4) 78.6 (16.6) 90 0.002
Wlth a GH-Induced Vit:{]it"-'g
i i i HS 75.0 (18.4) 65.8 (21.9) 0.42 0.234
Improved helght’ had in HRQoL 79.2 (16.5) 69.6 (23.8) 0.40 0.283
many aspeCtS a Contact with peers
HS 81.0 (18.5) 73.8(21.9) 0.33 0.296
better QoL than untreated HRQoL 85.7 (16.4) 76.3(19.9) 0.47 0.110
adolescents born SGA, Contact with adulis
) ) HS 85.2 (10.6)° 70.9(18.8) 0.76 0.017
according to the disorder- HRQoL 92.9 (4.4)° 80.0(15.1) 0.85 0.002
ifi i I Bodv image
speC|f|c queStlonnalre' Hs 88.4 (8.0) 74.1(24.1) 0.59 0.038
HRQoL 91.2 (6.9) 81.8(20.1) 0.47 0.191

Data are expressed as the mean { £5D). There were no differences between the 2 dos-
age groups. * p < 0.05; ® p < 0.01, compared to the untreated group (0 mg/m>/day). Higher
scores = Better health-related QoL (HRQoL)yhealth status (HS).

! Effect size = Positive effect size indicate better QoL in the GH-treated SGA group:
0.2 = o = 0.5 = small effect; 0.5 = < 0.8 = moderate effect; & = 0.8 = large effect. Neg-
ative effect size (not present) indicates better QoL in the untreated SGA group.

2 Cronbach’s alpha was 0.57.
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Eurogean Journal of Endocrinology (2007) 186 19521 ISSM 0804-4643

CLINICAL STUDY
Effect of 2 years of high-dose growth hormone therapy on
cognitive and psychosocial development in short children born

small for gestational age

K L& grml ]1l inder [a ullu
D Beckers®, 1 Francois®, B R[mm in®, G Thirv-Counson®, C de Beaufort™

C Froidecoeur, M Thomas, [ Massa®, 8 r{[l[]llL wse”, M Craen®? ".i[ Lebrethon”,
and | De Sche pmr

Table 2 WPPSI-R or WISC-R scores® in the treated group (TRG;

after 2 years (T2).

In conclusion, the

n=17) and in the untreated group (UTRG; n=17) at start (TO) and

findings of our study do Attart M2 oo
nOt Support an Total 1Q scores
. Total group (n=234) 891.7 (16.9) 95.76 (16.9)
improvement of oty BiUsD Bsfen N
n= : . : : <0.
o . P TRG-UTRG NS NS
COgnltlve fUﬂCtIOﬂ and Verbal 1Q scores
; ; Total group (n=234) 81.6(17.9) 8558 (17.3)
behavioral profile after 2 TR =11 gggg;_gg; Belles) NS
n= . . <20
1 P TRG-UTRG NS
years Of G H therapy In Performance 1O scores
Total group (n=234) 893.5 (15.87) 95 ? (15.5)
young prepubertal short TRG (n=17) 949(166) 948(159) NS
UTRG (n=17) 82.1{15.3) QB 5 (15.3) <0.05
P TRG-UTRG NS NS

SGA children.

“Data are expressad a5 mean +5.0.
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Body Composition, Blood Pressure, and Lipid
Metabolism before and during Long-Term Growth
Hormone (GH) Treatment in Children with Short Stature

Born Small for Gestational Age Either with or without
GH Deficiency*

THEOQ 545, PAUL MULDER, swvo ANITA HOEKEN-EOELEGA

BMI SD-score

J Clin Endocrinol Metab

-l' 2000
R

0 1 2 3 4 5 6

yr of GH treatment

F1c. 1. Mean (sp) BMI sp-score before and during 6 yr of GH treat-
ment for group A (W) and for group B ().
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Longitudinal Changes in Insulin Sensitivity and Body
Composition of Small-For-Gestational-Age Adolescents
after Cessation of Growth Hormone Treatment ) )
J Clin Endocrinol Metab 2008

Rub=n H. Willems=n, St=n P. Willemsan, and Anita C. 5. Hokken-Koelega

TABLE 2. Longitudinal changes in body composition after stop of GH treatment

SGA on GH, SGA after stop GH, Pvalue, AGA,
mean (95% CI) mean (95% Cl) on vs. off GH mean (95% CI)
Percent fat SDS? —0.20(—0.53-0.12) 0.14 (—0.16-0.44) =0.0005 0.26 (—0.06-0.58)
FM SDSpaignt” —0.04 (—0.32-0.23) 0.25 (—0.01-0.49) <0.0005 0.30 (0.01-0.60)
LBM SDSheightb 0.06 (—0.27-0.39) —0.21(—0.53-0.12) =0.0005 —0.41(—0.80 to —0.03)
Trunk fat/total fat ratio 0.50° (0.48-0.51) 0.49 (0.48-0.50) 0.158 0.47 (0.45-0.49)
BMI 5D5 0.05(—0.20-0.29) 0.03 (—0.22-0.27) 0.648 —0.01{—0.40-0.38)

Cl, Confidence interval.

# 5DS adjusted for age and sex.

b 505y cigne adjusted for height and sex.
P = 0.05 vs. AGA.

Discontinuation of GH treatment is, however,also associated with an
Increase in percent body fat and with a decrease in lean body
mass,without changes in fat distribution.

S. Bernasconi Clinica Pediatrica Universita di Parma
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Long-term effects of growth hormone (GH) treatment on
body composition and bone mineral density in short children
born small-for-gestational-age: six-year follow-up of

a randomized controlled GH trial

Ruben H. Willemsen*, Nicolette ). T. Arends®, Willie M. Bakkervan Waardet, Maarten Jansent, Edgar

G, AL Hovan Milg, Jaap Mulder], Roelof ). Odink=**, Maarten Reesertt, Cska Rongen-Westerlakentf,
Wilhelmina H. Stokvis-Brantsmagg, Johan 1 ). Waelkens== and Anita C 5 Hokken-Koelega®

S. Bernasconi Clinica Pediatrica Universita di Parma

Table 4. Six-year changes in lumbar spine bone mineral density (BMDy )
and bone mineral apparent density (BMAD, ;) SDS of the GH- and contrel

Clinical Endocrinology 2007

groups
SGA GH group

BMD,  SDS
Baseline —1-5 (1-00%
1-year —0-8 (081"
2-year —0e4 (D-B1**F
3-year —0-1 (D-B1**4%
A-year —0-2 (07114
S-year —0-3 (D-5)**
f-year —0-3 (0714

BMAD,; SD5
Baseline —0-7 (1-3)*
L-year —0-4 (10}
2-year -3 (1009
3-year 0-1 (0-9)*
4-year 00 (1-1)%
S-year —0-2 (09}
G-year -2 (10015
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Impact of Growth Hormone Therapy on Adult Height of Children Born Small
for Gestational Age
Arianna Maiorana and Stefano Cianfarani

Pediatrics 2009
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FIGURE 3
Effect of long-term GH therapy on adult height in RCTs.
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Improvement in Adult Height after Growth Hormone
Treatment in Adolescents with Short Stature Born Small
for Gestational Age: Results of a Randomized

Controlled Study

JEAN-CLATUDE CAREL, PIERRE CHATELAIN, PIERREE ROCHICCIOLI, ann JEAN-LOUIS CHAUSSAIN

GH induced a mean gain in adult height of 0.6 SDS units,
allowing 47% of treated children to attain adult heights in
the normal range.

Gain was directly correlated to treatment duration.

J Clin Endocrinol Metab 2003

A Height SDS at baseline

B Aduit height SDS

| control treatment | control treatment
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Fia. 2. Baseline (A) and adult (B) heights expressed in SDS in control and treated boys () and girls (O); the horizontal dashed line represents
—2 5DS5; the univariate correlation between treatment duration and adult height is also presented (sloping dashed line).
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Eterogeneita dei risultati

- eterogeneita delle cause degli SGA
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Small for Gestational Age: Short Stature and Beyond

Paul Saenger, Paul Czernichow, Ieuan Hughes, and Edward O. Reiter

TaBLE 1. Factors associated with TUGR Endocrine Reviews 2007

Medical complications
Preeclampsia
Acute or chronic hypertension
Antepartum hemorrhage
Severe chronic disease
Severe chronic infections
Systemiec lupus eryvthematosus
Antiphospholipid syndrome
Anemia
Malignancy
Abnormalities of the uterus
Uterine fibroids
Maternal social conditions
Malnutrition
Low pregnancy BMI
Low maternal weight gain
Delivery at age <16 or =35 yr
Low socioeconomic status
Drug use
Smoking
Aleohol
Ilicit drugs
Fetal problems
Multiple births
Malformation
Chromosomal abnormalities
Inborn errors of metabolism
Intrauterine infections
Environmental problems
High altitude
Toxic substances
Abnormalities of the placenta
Reduced blood flow
Reduced area for exchange ) L ; ) ) o -
Infarcts S. Bernasconi Clinica Pediatrica Universita di Parma
Hematomas
Partial abruption

Adapted from Bryan and Hindmarsh (48).
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Is the Response to Growth Hormone in Short

Children Born Small for Gestational Age
Dependent on Genetic or Maternal Factors?

0O.Mehls® A.Lindberg® M. Bettendorf® H.-G.Doerr? B.P. Hauffa® S.Kaspers'

T.Rohrer? N.Stahnke" M.B. Ranke'

on behalf of the German KIGS Beard

Table 2. Growth response to GH treatment during first and second treatment year

Horm Res 2009

p—
All patients  Silver Russell Congenital Smoking of Serious Others p*
syndrome heart defect mother infection
of mother

Height velocity, cm/1st year 10.0*X1.85 10.3*1.94 10.1* Lo 9.7 x1.57 9.7*x1.72 9.9+ 1.98 ) n.s
A Height velocity (height velocity 1% year

- height velocity pretreatment year),em  4.54%£1.99 4.16%2.02 402162 472Xx197 599%158 4.55Xx1.8] | ns.
A Height velocity (height velacity 2™ year

- height velocity pretreatment year),cm 2.43*1.75 2.18%2.06 1.57*x 162 237X168 354FX1.80 248X183) n.s.
Height response (A height — SDS 1% year) LO3 X056  1.12X0.7 1.28x0.19  098x0.59 098073 1.07X£0.54 ) n.s.
Height response (A height — SDS per 2 years) 1.55*0.67 1.78+0.38 1.50*£0.58 1.50*054 156*0.59 1.59+0.62) ns.

* Kruskal-Wallis test. n.s. = Not significant. —

S. Bernasconi Clinica Pediatrica Universita di Parma
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Subclassification of Small for Gestational Age
Children with Persistent Short Stature:
Growth Patterns and Response to GH Treatment

Wietske Ester® Ellen Bannink® Marije van Dijk® RubenWillemsen?
Danielle van der Kaay® Maria de Ridder®  Anita Hokken-Koelega®

Takle 3. Effect of GH treatment on growth parameters in the total population and in the short SGA groups

Total SG:’LL SGAHW SGA]_+W+ HC P value®
Sex boys/girls 7568 24/29 23/22 2817 0.24
Age at start YEIr's 681229 TA2x2.42 649+ 2,28 6791214 040
GH dose mg/m*iday  1.11+0.29 110028 1.13+0.31 Lo9+029 076

Horm Res 2008

Height
Start! sDs -3.04+062 -3.05+062 -310*F0.62 296062 054
After 1 }'e:u‘z sDs -218%065 -225+064 -221F064 207063 035
Changes during 1 year® SDS 086+ 0.36 0811024 089+ 0.24 0a9+024 013
Weight
Start! sDs -3.00%092 -259+0.85 -332%085 -318Fk085 000007
After 1 }'earz s0s -2.22+0.87 -1.92+084 250084 -229+0.84 0003
Changes during 1 year® 5DS 078 E0.43 0.67 £0.37 0.82 £ 0.37 088+ 037 002
HC
Start! sDs -L11*0.88 -077+0.85 -119*0.85 -l.43+0.85 0002
After 1 year® SDs -0.&E0+£052 -—046+087 088087 -l12t087 Q0017
Changes during 1 year® SDS 0,31 +0.39 030+ 0.36 0,33+ 0,37 031036 091

Values are means (5D).

HC = Head circumference; SD5 = standard deviation score.

* Owverall pvalue is presented of the SGA groups.

Post-hoc testing showed: ® SGA | differed in comparison to the SGAy w and SGAp vy e groups; " the SGAL
group differed from the SGA | e group.

! Means are adjusted for age at start of GH treatment.

? Means are adjusted for age at start of GH treatment and GH dose.

S. Bernasconi Clinica Pediatrica Universita di Parma
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Two Short Children Born Small for Gestational Age
with Insulin-Like Growth Factor 1 Receptor
Haploinsufficiency lllustrate the Heterogeneity of
Its Phenotype

Wietske & Ester, Hemine A van Duyverwvoorde, Carcline C. de Wit,
Alexander ). Broskman, Claudia AL L Ruivenkamp, Lutgarde <. P, Govaerts,
Jan M. Wit, Anita . 5. Hokken-Koelega, and Monigque Losekoot

The Netherlands 1997, height for age

Patient A

height (¢m)
o B

J Clin Endocrinol Metab 2009

| Start GH ‘

035 1o ws e
age (year)

S. Bernasconi Clinica Pediatrica Universita di Parma
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European Journal of Endocrinology (2008) 160 557-560 ISSM 0804-4643

CLINICAL STUDY

Smallness for gestational age interacts with high mobility group
A2 gene genetic variation to modulate height

Mabila Boualtia Niiil;:z'l'"l. Muarion :".-!_'.ar-.'tumd i L'hrLl;_llm: Cavalcanti-Proenca®®, Samia ljii}.:tll1]t]ll[l;'2.
Emmanuelle Durand™ -, ]_{!i_:.[L Tichet®, Michel Marre™”, Beverley Balkau®, Philippe E-'run}.:m:l""'n
and Claire Levv-Marchal >~

F, =0.03
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96 - P = 0.07
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SGA men carrying at least
one C allele copy of
rs1042725 show an
Increased height catch-up
T T e frequency at adulthood
(PdomZz0.03; Paddz0.07)

Height catch-up at adulthood (%)

Figure 1 Height catch-up at adulthood in SGA men. Height catch-up
was defined as height at examination above — 2 s.p. of mean height
in AGA participants. Pvalue is for y° test comparing height catch-up
frequency in TT genotype carriers (n=95) versus CT or CC
genotype carriers (n=147 and n=66 respectively). P values are
indicated for the additive (Pagq) and dominant { Pyem) models.
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Eterogeneita del risultati

- eterogeneita delle cause degli SGA

- target genetico
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Prediction of Response to Growth Hormone Treatment
in Short Children Born Small for Gestational Age:
Analysis of Data from KIGS (Pharmacia International
Growth Database)

MICHAEL B. RANKE, ANDERS LINDEERG, CHRISTOPHER T. COWELL,
EERETIN ALBERTSSON WIELAND, EDWARD . REITER, PATRICK WILTON, axp
DAVID A. PRICE, ow BeHALF oF THE KIGS INTERNATIONAL BoARD

J Clin Endocrinol Metab 2003

TABLE 3. Regression equation variables for predicting the
first-year growth response (cm/yr) to GH therapy in 613 children

born SGA
Parameter estimate Rank Partial R®

Intercept (constant) 0.4

Age at start (yr) —0.31 2 0.11

Welght sD score at start 0.30 3 0.05

GH dose (mg'kg - d) 56.51 1 0.35
m—— MPH 5D score 0.11 4 0.01

R* 0.52

Error SD (cm) 1.3

S. Bernasconi Clinica Pediatrica Universita di Parma
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Eterogeneita del risultati

- eterogeneita delle cause degli SGA
- target genetico
-eta di inizio della terapia
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Prediction of Response to Growth Hormone Treatment
in Short Children Born Small for Gestational Age:
Analysis of Data from KIGS (Pharmacia International
Growth Database)

MICHAEL B. RANKE, ANDERS LINDEERG, CHRISTOPHER T. COWELL,
EERETIN ALBERTSSON WIELAND, EDWARD . REITER, PATRICK WILTON, axp
DAVID A. PRICE, ow BeHALF oF THE KIGS INTERNATIONAL BoARD

J Clin Endocrinol Metab 2003

TABLE 3. Regression equation variables for predicting the
first-year growth response (cm/yr) to GH therapy in 613 children

born SGA
Parameter estimate Rank Partial R®

Intercept (constant) 0.4

——— A pe gt start (yr) —0.31 2 0.11
Welght sD score at start 0.30 3 0.05
GH dose (mg'kg - d) 56.51 1 0.35
MPH sD score 0.11 4 0.01
R* 0.52
Error SD (cm) 1.3

S. Bernasconi Clinica Pediatrica Universita di Parma
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Guadagno di statura finale (SDS) in funzione dell’eta di inizio
della terapia con GH (da 10 studi pubblicati)

2,5

2 4
1,51 :
[1< 8 annli
| M > 8 anni

1 i

0,511
S. Bernasconi Clinica Pediatrica Universita di Parma
O 4
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Eterogeneita del risultati

- eterogeneita delle cause degli SGA
- target genetico
- eta di inizio della terapia

- dose di GH
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Cianfarani 2008

TABELLA Il1. Criteri per l'impiego del GH nei bambini SGA secondo la FDA (Food and Drug

Administration) e 'TEMEA (European Agency for the Evaluation of Medicinal Products).

FDA EMEA

Eta di inizio (anni) 2 4
Statura Non definita <-2,5DS
Velocita di crescita Non definita <0DS
Confronto con Non definito Statura oltre 1 DS al di sotto
la statura genetica della statura genetica
Dose (ug/kg/die) C 3B D

2001 2003

S. Bernasconi Clinica Pediatrica Universita di Parma
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Growth response to an individualized versus lixed dose
GIH treatment in short children born small for gestational

age: the OPTIMA study

Heike Jung, Christol Land®, Claudia Micolay, Jean De Fh:tu:pm:rz". Werner F Blum and Eckhard Schinan®

S. Bernasconi Clinica Pediatrica Universita di Parma

European Journal of Endocrinology 2009
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o
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months manths (N=83) (N=80)
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Figure 3 Height velocity at baseline and after 12 months of GH
treatment at either a fixed high dose (FHD) or individually adjusted
dose (IAD); box plots present mean (fat ling), median (slim ling),
25th and 75th percentiles (box), minimum and maximum values
(whiskers).
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Eterogeneita del risultati

- eterogeneita delle cause degli SGA

- target genetico

- eta di inizio della terapia

- dose di GH

- polimorfismo del recettore del

GH
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Efficacia del trattamento con GH nello SGA e suoi effetti secondari

GH responsiveness in a large multinational cohort of SGA

children with short stature (NESTEGG) is related to the exon

3 GHR polymorphism J C“n EndOCI’inO| Metab 2007
M. Tauber=t, W. Estert, F. Auriol®, C. Molinas=®, ). Fauvelt§, J. Caliebe®, T. Moegenttt, L. Fryklund*=,

M. B. Rankef, M. O. Savagett, A ). L Clarktt, L. B Johnstontt and A C. 5. Hokken-Koelegat
on behalf of the NESTEGG group

The exon 3-deletedifull-length Growth Hormone

Receptor Polymorphism Does Not Influence the Effect

of Puberty or Growth Hormone Iherapy on Glucose _ _

Homeostasis in Short Non-Growth Hormone-Deficient J Clin Endocrinol Metab 2008
Small-for-Gestational-Age Children: Results from a

Two-Year Controlled Prospective Study

L. Audl,* A, Carrascosa, ™ 2. Esteban, M. Ferndrdez-Cancio, F. Andaluz, 0. Yeste, R. Espadero,
M. L. Grangda, H. Wollmann, L Freklund ard the Spanish 554 Study Group

S. Bernasconi Clinica Pediatrica Universita di Parma



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

Growth Hormone Receptor Exon 3
Isoforms and Their Implication in
Growth Disorders and Treatment Horm Res 2009

Alexander A.L. Jorge Ivo J.P. Amhold

Table 2. Common confounding factors observed in association studies that evaluated the GHR exon 3 genotype

Confounding factors Suggestions for future studies

Type 1 error (false-positive results caused - Large prospective studies to achieve a large enough sample size for sufficient power
by multiple tests or small sample size) - Meta-analysis studies

and type 2 error (false-negative results due - In the case of multiple tests, adopt appropriate statistical significance levels for

to scarcity of sufficient power to generate interpreting results

reliable and reproducible results) - Choose adequate endpoints and the best statistical strategy to optimize results and

avoid false-positive results caused by statistical error
— Avoid subgroup analysis

Genotype error — For GHR exon 3 genotype, always confirm GHRd3 homozygous status

- Routinely confirm 10% of genotyped samples, to assess the presence of genotype error
Phenotype error — Analysis of homogeneous populations
Population stratification — Use genomic control to assess population stratification

S. Bernasconi Clinica Pediatrica Universita di Parma



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

Selezione del pazienti

Terapia con GH: efficacia sulla statura finale
Efficacia su altri parametri

Eterogeneita dei risultati

Safety

S. Bernasconi Clinica Pediatrica Universita di Parma



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

INSULINO-RESISTENZA

Rischio stimato maggiore in soggetti SGA che vanno incontro a

catch-up growth spontaneo
— non candidati alla terapia con GH

S. Bernasconi Clinica Pediatrica Universita di Parma



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

Insulin Sensitivity Decreases in Short Children Born Small for Gestational

Age Treated with Growth Hormone

SaRs BACHMANM, PO, SUSANME BECHTOLD, MO, WalTen BOMAG, MO, STEFHAME PUTZRER, MDD, MATTHAS Buck, MO, AMD

HarE PETER SOHWARE, MO, PHD

J Pediatr 2009

S. Bernasconi Clinica Pediatrica Universita di Parma
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Figure 1. A, Changes in HOMA after 1 year of GH treatment (P = .02),
and B, Changes in ISI after 1 year of GH treatment (P << .001). Left
panels: Boxplots showing medians, first and third quartiles and ranges,
extreme values excluded. Right panels: Individual patient values.
Continuous lines represent pubertal children; dashed lines represent
prepubertal children.



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

Small for Gestational Age: Short Stature and Beyond

Paul Saenger, Paul Czernichow, Ieuan Hughes, and Edward 0. Reiter

0 Untreated

e 25 * GH-treated
Endocrine Reviews 2007 E = §

= 20F 1

.E

£ 8 n=9

c - -1 4

g

n=4

= n=4 =3 |

£ e L 0

Z ik

L n [ 1 1

Pre-GH lyear 2years Post-GH

Time on GH treatment

FiG. 14. Fasting insulin concentrations (mean and 95% confidence
intervals) in untreated short children born SGA and in those receiving
GH therapy at a dose of 100 pwg/kg-d for up to 2 yr. [Adapted with

permission from de Zegher ef al. (357).]

S. Bernasconi Clinica Pediatrica Universita di Parma



Efficacia del trattamento con GH nello SGA e suoi effetti secondari

Risk Factors for Diabetes Mellitus Type 2 and Metabolic

Syndrome Are Comparable for Previously Growth

Hormone-Treated Young Adults Born Small for

Gestational Age (SGA) and Untreated Short

SGA Controls J Clin Endocrinol Metab 2007

Marije van Dijk, Ellen M. N. Bannink, ¥Yvonne K. van Pareren, Paul G. H. Mulder, and
Anita C. 8. Hokken-Koelega

TABLE 3. BP, BMI, serum lipids, and IGF-1 and IGFEP-2 levels in previowsly GH-treated SGA subjects and unireated SGA controls
GH-Eranted S0A group Unkronted shert

Bnsalina & yr of GH  months aftar OH 8.5 yr aftar GH S04 controls

Glucoge {mmaolfliter) 4.2 (1.00 B.00(0.8" 4.7 (0.5) 1.9 (0.5~* H.000.4)
Insulin (mUliter) 6.2(3.5) 16.0 (8.0 8.8 (T.4) 9.3 (3.9r 10,7 (5.4)
Fasting G/ 1.1{1.4) 0.4 (0.2 07 (0. 4) 0.6 (0.2) 0.6 (0.3)
HbAde (%) 50(0.9) 4.8(0.4F 4.7 (04F 5.2(0.33 L4003

Bystolic BF (mm Hg) 106.7 (11.1) 111.4 (1270 115.3 (12.6F L11.9(8.9) 121.5(11.6)
Dizstolic BP (mm Hg) 57.9(0.5) BR.T(7.2) 594 (0.2) 618 (635 TE.T(6.3)
Bystolic BP 8D8 1.1 (0.9 0.3(1.2F 0.3 (1.2F 0.O{1.7rE 1.3 (0.9
Diastolic BP 8D& 001 1) —0.5 (0.6~ 0.3 (0.8) 0.1 (0654 1.0(0.5"
BMI (kgmm®) 14.7 (1.8) 19.1(2.8r 206 (2.8F 22 4 (2.2 226(3.3)
BMI EDS -08{1.3F 0.1 (1.0F 0.2 (1.0F —0.1 {0.7F 0.2(1.2)
Waist circumference (cm) T4.9(6.7) T4.9(8.2)
Cholestero]l (mmolliter) 4.6 (0.8} 3.6 (06F 4.1 (0.6F 4.3 (0. 5)fbe= 4.8(1.1)

LDL-z (mmolliter) 2.8 (0.8) 2.2 (067 2.5 (0.6 2.6 (0.7F¢

HDL-c {mmolliter) 1.4 {0.9) 1.1{0.2¢ 1.100.2F 1.3 (0.3 1.2(0.9)
TGe (mmolTiter) 1.0 {0.6) 1.4 (0.8} 1.2 (0.6} L4 {1.9) L.0{0.8)
IGF-1 3DS8 —0.9(1.15F 1.9 (0. 75" —0.4 (0.7 —0.6(1.0V
1.2 (LOy* — L6 (0.6~ -1.2(0.7¢*

IGFRP-I EDE —0.9 (0.97*

S. Bernasconi Clinica Pediatrica Universita di Parma
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SHOX-D: una nuova indicazione per la terapia con
rhGH

Il gene viene definito come Short
Stature Homeobox-containing gene
(gene della bassa statura
contenente homeobox — SHOX)



SHOX-D: una nuova indicazione per la terapia con
rhGH

SHORT STATURE HOMEBOX containing gene
(SHOX) e un gene collocato sui cromosomi
sessuali umani (X ed Y)

CCCCCC

* Due coppie attive del gene SHOX sono
necessarie per un normale sviluppo



SHOX-D: una nuova indicazione per la terapia
con rhGH

 Mutazioni/Delezioni SHOX
e fenotipo



ALTERAZIONI GENETICHE E OSTEOCONDRODISPLASIE

Sindrome Cromosoma  Gene/Proteina  Ereditanieta
Displasia tanatofora 4p FGFR3 JA\D)
Acondroplasia 4p FGFR3 JA\D,
Ipocondroplasia 4p FGFR3 AD
Displasia diastrofica 5q DTDST AR
Acondrogenesi 1B 5q DTDST AR
Pseudoacondroplasia 19p COMP A\D)
SEDC 2( Coll Tipo Il JA\D)
SEMD 12q Coll Tipo Il JA\D)
Displasia di Kniest 12q Coll Tipo 1l JA\D,
Displasia di Stickler 129/6p Coll Tipo 11/XI AD
Displasia metafisaria di Schmid 60 Coll Tipo X AD
Condrodisplasia punctata Xp Arilsulfatasi E XLR
Displasia metafisaria tipo Jansen 3p PTH recettore A\D)
Ler-Weill Xp SHOX JA\D)

Langer Xp SHOX A\D.




TO - De Sanctis

BS - Buzi

BZ - Radettli

M1 - Chiumello,Weber
PV- Cisternino,Danesino

PD - Tenconi

PR - Ghizzoni

Roma - Pasquino,Borrelli
CH - Chiarelli

ME - De Luca
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SHOX point mutations and deletions
In Leri-Welll dyschondrosteosis

SHOX (Short HOmeoboX containing) gene mutations have been
iInvestigated in 21 unrelated families affected by Leri-Weilll
dyschondrosteosis (LWD), included in the study because of the
presence of Madelung deformity of the forearms and
disproportionate stature.

Ten out of the 21 families studied showed SHOX gene deletions. In
the remaining 11 families, sequence analysis showed three novel
point mutations (one frameshift and two missense).

Thirteen out of 21 (62%) families with typical LWD harbour a SHOX
gene mutation; point mutations, predominantly involving the
homeobox region, occur less frequently than large deletions.

Journal of Medical Genetics 2002;39:e33-e33



Leri and Welll

Une affection congénital et symétrigue

du  developpement  0SSeux: la
dyschondrosteose

Bull. Mém. Soc. Med. Hosp. 1929



Sindrome di Leri Welll (OMIM 127300).
Quadro clinico

Apparato scheletrico

osteocondrodisplasia

Crescita

basssa statura/nanismo

mesomelico
Facies

Artl

normale

deformita di Madelung
avambraccio corto
radio e/o ulna ipoplasici
dislocazione dorsale
dell’'ulna distale

tibia corta

Articolazioni

limitazione del
movimenti di  polsi e
gomiti

Sviluppo mentale
normale

Incidenza

rapporto
maschi/femmine 1:4

= EE

autosomica
dominante




SHOX-D: una nuova indicazione per la terapia con rhGH ed un nuovo
sub-study in GeNeSIS

Mesomelic
Short Stature

cubitus valgus

Madelung
deformity

FEHEQ HEES

Figure 2: SHOX and SHOX2 in Short Stature Phenotypes



Clinical Features:
Madelung Wrist Deformity

6  Typical examples of Madelung deformuty of the forearm in two patients with Lér-TWe:ll

dyschondrostecs:s. Note the ‘dinner fork’ appearance of the forearm




Clinical Features:
Lower Limb Bowing, Muscular Hypertrophy




Clinical Features:
Radiographic Signs

‘ ‘ \ Trnangulanzed

) \ Radial epiphysis

-

£ < Fusion of ulnar
’ N | of epiphysis
Wedged o 5 & ’ \ ':

carpal bones

Courtesy W. Blum, Bad Hamburg

Triangularization
Index (A/B):

Score of >4
Indicates
potential skeletal

Normal wrist malformation
From: Ross JL et aI 2001 J Clin Endocrinol Metab 86:5674-80




NUMBER OF SHOX GENES



NUMBER OF SHOX GENES



Freqguenza delle anomalie del gene SHOX nei bambini con
ISS (Jorge)

Table 3. Summary of studies that evaluated the frequency of SHOX gene

mutation in ISS children
N\
SHOX defect / \

Screening Point Overall
Study reference methodology mutation Deletiof frequendy
Rao et al. 1997 SSCP + MS* 1/91 0/91 1-1%
Binder et al. 2000 SSCP + MS 0/68 1/68 1-5%
Rappold et al. 2002° SSCP + FISH 3/750 3/150 | 2:4%
Binder et al. 2003 MS N.A. 3/140 | 2:1%
Stuppia et al. 2003" DS + FISH 4/56 3/56 12-5%
Huber ef al. 2006 DS + MS* 3/78 8/78 14%
Present study DS+MS+FISH 2/63 0/63 3-2%

or 5B

SSCP, single-strand conformation polymorphism; DS, direct sequencing;
MS, study of microsatellite markers; MS*, study of > 2 microsatellite markers;
SB, Southern blot; NA, not available.

SHOX mutations in idiopathic short stature and Leri-Weill dyschondrosteosis: frequency and
phenotypic variability. Alexander A. L. Jorge. Clinical Endocrinology (2007) 66 , 130-135



Variabilita fenotipica dello SHOX
Deficit: un continuum

Léri-Weill Turner “Idiopathic”
syndrome syndrome short stature*

*~2-10% degli ISS potrebbero
essere SHOX deficit




SHOX-D: una nuova indicazione per la terapia
con rhGH ed un nuovo sub-study in GeNeSIS

Quando ricercare le mutazioni del gene SHOX?

Indicazioni certe :
LWS
Bassa statura in parenti di 1° grado di LWS

Indicazioni in discussione

tutte le basse stature idiopatiche?
sulla base di uno screening auxologico ?



Frequenza delle anomalie del gene SHOX e variabilita
fenotipica

» Pazienti con anomalie del gene SHOX presentano una ampia
variabilita fenotipica rispetto alla bassa statura ed alla deformita di
Madelung

» Anomalie del gene SHOX sono molto frequenti nella sindrome di
Leri Well (89%), a differenza degli ISS (3-2%) nel gruppo che
abbiamo studiato

uso del rapporto “altezza seduta/altezza” (SH/H) come criterio
selezione aumenta la frequenza dello SHOX deficit fino al 22% e
dovrebbe essere usato per selezionare i bambini ISS in cui
lcercare le anomalie del gene SHOX

Jorge et al Clin Endocrinol (2007) 66 , 130-135



SHOX-D: una nuova indicazione per la terapia
con rhGH ed un nuovo sub-study in GeNeSIS

-~

\

28 BSI| con SH/H
>2 SDS

~

/

\

Vs 3,2 % In non selezionati

a I
5 con delezione SHOX = 18%

/

Jorge non pubblicato



Correlazione tra genotipo e fenotipo in una grande popolazione
di bambini con ISS da 14 paesi (Rappold)

« 1608 bambini ISS

« Determinate deformita scheletriche e segni dismorfici differiscono
In modo significativo tra | soggetti con presenza o assenza di difetti

del gene SHOX

* Viene proposto uno Score System basato sul fenotipo per aiutare
ad identificare | soggetti piu appropriati per testare il gene SHOX

Genotypes and phenotypes in children with short stature: clinical indicators of SHOX
haploinsufficiency. G Rappold. J. Med. Genet. 2007;44;306-313



Clinical indicators of SHOX:

phenotype scoring system

Table 7 Scoring system for identifying patients that qualify
for short-stature homeobox containing gene (SHOX) testing
based on dinical criteria

Score item Criterion Score points
Arm span/height rafio =96.5% 2
Sitting height/height ratio =55.5% 2
Body-mass index =50h percentile 4
Cubitus valgus Yes 2
Short forearm Yes 3
Bowing of forearm Yes 3
Appearance of muscular hyperfrophy  Yes 3
Dislocation of ulna (at elbow) Yes 5
Total 24

Accuracy

Positive predictive value

Percentage

Sensitivity

I |
22 24

10 12 14 18 20

16
Cutoff of score points

o 2 4 6 8

Figure 1 Dependence of sensitivity, specificity, accuracy and positive
prediclive value on cut-off score point; the vertical lines represent cut-offs of
>4 and >7 score points, respedhively.

» The suggested scoring system includes three anthropometric variables (arm span/ height, sitting
height/height and body mass index (BMI)) and five dysmorphic signs

» At a cut-off of 4 points, sensitivity was 71% and the positive predictive value was 11%, at 7 points the
sensitivity dropped to 61% while the positive predictive value increased to 19%

Genotypes and phenotypes in children with short stature: clinical indicators of SHOX
haploinsufficiency. G Rappold. J. Med. Genet. 2007;44;306-313



SHOX-D: una nuova indicazione per la terapia
con rhGH

* Clinical Trial con
Humatrope



Height Velocity (cm/yr)

® 5

Height velocity (cm/yr)
o

Mean + SE

—{— Untreated control subjects with SHOX-D
—ll— Treated subjects with SHOX-D
2 . — — Treated subjects with Turner syndrome
*p<0.001 treated vs. untreated subjects with SHOX-D
0 Y74
T I T // I I I

0 3 6 12 18 24
Months on study



Height SDS

Height SDS Mean Values

—{ 1 Untreated control subjects with SHOX-D
—jll— Treated subjects with SHOX-D

— — Treated subjects with Turner syndrome —

Mean + SE

l *p<0.001 treated vs. untreated subjects with SHOX-D
V74
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Months on Study



Height SDS

Height SDS
|

Baseline Final Final - Baseline Baseline Final Final - Baseline
SHOX deficiency (n = 14) Turner syndrome (n =157)

Height Gains in Response to Growth Hormone Treatment to Final Height Are Similar in Patients
with SHOX Deficiency and Turner Syndrome. Werner F. Blum. Horm Res 2009;71:167-172



Height SDS

'] SHOX deficiency | Turner syndrome
| n=14 In=157

Height SDS

4 8 12 16 20 4 8 12 16 20
Age (years) Age (years)

Height Gains in Response to Growth Hormone Treatment to Final Height Are Similar in Patients
with SHOX Deficiency and Turner Syndrome. Werner F. Blum. Horm Res 2009;71:167-172
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L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

The Aromatase Cytochrome P-450 and
Its Clinical Impact

Udo Meinhardt Primus E. Mullis
Horm Res 2002;57:145-152

Aromatase (P450arom): '

the key enzyme J:I/Cm
for estrogen biosynthesis vt i

| ez |

Testosiorone

o ok
—h.
-
HO Ll
Estrane (Eq) Estradic| (Ez)

Fig. 2. Steroidogenesis within the ovary. Conversion of pregnenio-
lone to dehydrocpiandrosterone | AY pathway not shown), then
further from androstencdione to androgens and o estrogens. The
A’ pathway 1= predominant in the ovanan follicles. ITR-HSD =
1 7f-Hydroxysteroid dehydrogenase.




L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

Genetic and Clinical Spectrum of Horm Res 2009;72:321-330

Aromatase Deficiency in Infancy,
Childhood and Adolescence

A Belgorosky G Guercio C. Pepe NM.5araco M.A. Rivarola

IVS3+1G>A14)
L157fsX178(25) VITOMI1E]

ExSdel(18) 1 P40afsx445(14)

M8SR(21) IVSE-3C>A(23) R435C(18)

‘ R435C(11)
V55-1G=A(21) R3I75H(24 R457X(15)
Fig. 1. The human CYPI9 (cP450arom) -
gene, located in the 21.2 region on the long Non-coding N & \ \ l'n:qa:rm n
arm of chromosome 15 (15g21.2). Its regu- exon :
latory region contains at least 10 distinct £312_334del(29) WSSH1GETES
IVS6-+2T>C(10)

: - . E412fsX445(17)
promoters regulated in a tissue- or signal- CEEEGAT)

ing pathway-specific manner. The coding F234del(18) Razeciia)
exons, namely exons II-X, are shown, CEE5G>AI24) RIEEQ(22)

along with the location of the reported
mutations.




Caratteristiche cliniche dei pazienti (XY) con deficit di aromatasi

27 anni
Herrmann et al, J Clin Endocrinol Metab 87:5456-84, 2002


http://jcem.endojournals.org/content/vol87/issue12/images/large/eg1229063002.jpeg
http://jcem.endojournals.org/content/vol87/issue12/images/large/eg1229063003.jpeg

Features of estrogens deficiency
In adult males

osteoporosis

abnormal blood lipid profile

low or normal or high testosterone levels
normal to high levels of gonadotropins
hyperinsulinemia, acanthosis nigricans
hepatosteatosis

defect in germ cell development
continuous linear growth
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Deficit di aromatasi
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L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

Tall Stature without Growth Hormone: Four Male
Patients with Aromatase Deficiency J ClinEndocrinol Metab 95: 1626-1633, 2010

Vincenzo Rochira, Lucia Zirilli, Laura Maffei, Valeria Premrou, Claudio Aranda,
hMatteo Baldi, Ezie Ghigo, Gianluca Aimaretti, Cesare Carani,
and Fakio Lanfranco
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for the comparison of patients before estrogen treatment (E2) and nomnal
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FlG. 2. K3F-| levels in patients with aromatase deficiency before and
during sstradiol (E2) therapy, and in normal subjects, n.s., Mot
significant. *, t test for paired data; **, ¢ test for unpairsd data for the
camparisan of aromatasa-deficient patients before estrogen traatment
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Features of estrogens deficiency
In adult males

osteoporosis

abnormal blood lipid profile

low or normal or high testosterone levels
normal to high levels of gonadotropins
hyperinsulinemia, acanthosis nigricans
hepatosteatosis

defect in germ cell development
continuous linear growth

delayed epiphyseal closure and skeletal
maturation




Deficit di aromatasi




Deficit di aromatasi

Prima della terapia Dopo 2 anni di terapia con
testosterone



Deficit di aromatasi

Prima della Dopo 3 e 6 mesi
terapia di terapia con estradiolo

Herrmann et al.


http://jcem.endojournals.org/content/vol87/issue12/images/large/eg1229063007.jpeg

L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

AROMATASE INHIBITORS
AS THERAPY FOR SHORT
STATURE ?




L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

Use of Aromatase Inhibitors in Children and Adolescents With Disorders of
Growth and Adolescent Development
Dorothy I. Shulman, Gary L. Francis, Mark B Palmert, Erica A Eugster and for the
Lawson Wilkins Pediatric Endocrine Society Dmg and Therapeutics Committee
Pediatrics 2008;121;073-e983

General stemid nucleus Androestenaedione

CYP159 aromatase

HAGURE 1

Structural comparisons of aromatase substrates. The general stercid ring structure and
nomenclature are skown along with the structure of androstenedione, a known sub-
strate for CYP19 (aromatase). Reaction of androstendicone with CYP19 (aromatase) gen-
erates the aromatic ring structurein the steroid A ring leading to estrone. For comiparison,
the structure of testolactone, a widely known inhibitor of CYP19 [aromatase), is shown.
Mote the similarity in structure to that of androstenedione.




L’aromatasi e i suoi inibitori : dalla genetica alla terapia in eta
pediatrica.

Use of Aromatase Inhibitors in Children and Adolescents With Disorders of
Growth and Adolescent Development
Dorothy I. Shulman, Gary L. Francis, Mark B Palmert, Erica A Eugster and for the
Lawson Wilkins Pediatric Endocrine Society Dmg and Therapeutics Committee

Pediatrics 2008;121: :e075-e083
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FIGURE 2

Type |, monsteroidal Als. The imidazcle/triazole compounds or derivatives of phemcbar-
bitone hawve activity against CYP19 (aromatase), including aminoghutethimide fadrozole,
and more potent third-generation Als such as letrozole amd anastrozole.
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Aromatase Inhibitors and Inactivators
Mechanisms of Action

Steroidal Nonsteroidal
exemestane, formestane anastrozole, latrozole

bind to substrate-binding bind to heme
site of aromatase part of aromatase

Irrevesible binding to enzyme | Reversible binding to enzyme
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Generazione

Non steroidel

Steroidel

Prima Aminoglutethimide | Testolactone
Seconda Fadrozole Formestane
Terza Anastrozole Exemestane

| etrozole
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Use of Aromatase Inhibitors in Children and Adolescents With Disorders of
Growth and Adolescent Development
Dorothy I. Shulman, Gary L. Francis, Mark B Palmert, Enica A Eugster and for the
Lawson Wilkins Pediatric Endocrine Society Drug and Therapeutics Committee
Pediatrics 2008;121:e075-e983

TABLE1 Relative Potency of Select Als

Compound Dosage % Aromatase
Inhibition
Aminoglutethimide 250 mg 4 times daily G0.6
Testolactone 10 mg/kg 4 times daily <G00
Formestane 125 mq twice daily 91.9
Fadrozole 2 mq twice daily 026
Anastrozole I mg once daily 7.3

Letrozole 2.5 mg once daily =001




Update on the Role of Aromatase

Inhibitors in Growth Disorders

Leo Dunkel

Table 1. 5tudies with aromatase inhibitors in children with disorders affecting growth

Horm Res 2009;71(suppl 1):57-63

Conditbon Smdy design Compound  Adjuvani treatmeni Efficacy Reference
Familial male-limiled Uncomiralled clinical trial Testolacione  Spironchctone, Mo change in PAH afier 2-4.2 pears  13-15
precodons pubsrty nRHa af treatment; 129 cm increass in
PAH after £ years of ireatment
Twn case reparts Anasiroenle  Mone Mecrease in BA progression, 16
increass in PAH
MoCene-Alhright Uncomiralled clinical trial Testolacione (GnRHa [Decrease in BA progressicn, 17, 18
syndrame nio change in PAH
Unocomtralled chinical trial Fadrozole GnRHa Mo change in BA progression or 1%
PAH
Unoomtralled chinical trial Letroznle Mons Some decrease in BA progression 20
Congenital adrenal Randomised clinical trial Testolacione  Flotamide, hydrocortisone,  Decease in BA progression, 11,322
hyperplasia fledrocortisone, GnEHa no ctange in PAH
ConsStubional ddayof — Douhle-blind, placeba- Letroenle Testosterans [Decrease in BA progressicn, 23
growth and puberty coatralled randomized trial 5.1 cm inrease in PAH
Idiopathic short siature Douwhle-blind, placebo- Letroznle Ieon= Mecrease in BA progression, KL
cootralled mndomised trial 59 om inmease in PAH
Mixed population of Hetrospective unconirollesd Letroenle Mon= Decrease in BA progression, 25
shiort adolescent bays sty 55 om inmrease in PAH
GH deficiency Oipen-label controlied trial Anastroenl= GH Mo change in BA progression or K3
PAH at | year
Douhle-blind, placeba- Anastroenl=  GH Mecrease in BA progression, 7

onatralled rmndomised trial

5.7 am inrease in PAH at 3 years

PAH = Predicted adult heighi; BA = bone age.




Treatment with the aromatase inhibitor letrozole during
adolescence increases near-final height in boys with

constitutional delay of puberty

Matti Hero*, Sanna Wickman* and Leo Dunkelt Clinical endocrinology 2006

23 boys with constitutional delay of puberty randomly
assigned to receive either letrozole (Lz) (2.5mg/day orally)
or placebo (Pl) in combination with low-dose testosterone (T)

(1mg/Kg i.m. every 4 weeks) (12 months)

1. Boys treated with T+Lz were taller and

reached a higher mean near-final height

comparable to their mid-parental target height
(PAH increased by 5.1 cm)

Nearslinal height (b} (Gain in height SDS

=003 o)

2. Boys treated with T+Lz had significantly
greater increase in height SDS over the

pretreatment level

. .

In adolescent boys an increase in adult heigh T+La

can be attained by use of aromatase inhibitors
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Inhibition of Estrogen Biosynthesis with a Potent
Aromatase Inhibitor Increases Predicted Adult Height in

Boys with Idiopathic Short Stature: A Randomized
Controlled Trial

*  Thirty-one boys, aged 9-14.5 yr, with ISS were treated with Letrozole (2.5 mg/day)
for 2 yr

Growth vebacity 3 Bone age progression (deltaBAddeltaC i)
14

v I I . I 2-yr treatment in the letrozole-treated
s group (1.2 vs 2.05 yr)

Predicted adult height

A. Similar growth velocity during the study

B. Slower bone age advancement during the

yr i L
ear of shudy

Hedght 3D Tor BA

P <ocor . i C. Height SD score for BA increased by 0.7
I - : SD score in the letrozole-treated group
D. Predicted adult height increased by 5.9 cm

alyr1

Yoar of sludy at yr 2

Year of study in the letrozole-treated group




Endocrine

Anastrozole Increases Predicted Adult Height of Short
Adolescent Males Treated with Growth Hormone: A

Randomized, Placebo-Controlled, Multicenter Trial for

One to Three Years
JCEM 2008

Melty Mauras, Lilliam Gonzalez de Fijemn, Helen . Hsiang, Paul Desrosiers, Robert Rapaport,
|. Ciavid Schwartz, Karen Oerter Klein, Ravinder ). Singh, Anna Mivamota, and Kim Bshop

Fifty-two adolescent males with GH deficiency treated with GH were randomized to
cotreatment with anastrozole (1 mg daily) or placebo daily for up to 36 months

Changes in bone age vs. baseling v, daab e
Net gain in predicted height vs. baseline

+a1

Bz e Pacasn " . o & cdda

There was a corresponding 10.0 47

A nasinoe ole .
a0
improvement in the gain in
height SD score adjusted

for BA at 2 and 3 yr

6.0

. . Change in Height SDS for Bone Age O™ R R
Significantly slower vs. Baseline e This resulted in a net

increase in PAH of +4.5+1.2
cm at 2 yr and +6.7+1.4 cm

increase in BA advancement
from baseline after 2

and 3 yr at 3 yr
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Use of Als in boys with idiopathic short
stature and short stature associated with
growth hormone deficiency or constitutional
delay may increase adult height; however,
data on adult height are few, and there is no
Information identifying which children are
likely to benefit most. Additional controlled
studies are required before this therapy can be

routinely recommended to augment adult
height.
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SAFETY ISSUES

Potential effect on bone mineral density (BMD) (?)

Potential effect on spematogenesis and sperm motility (?)
Potential effect on lipid and carbohydrate metabolism (?)

Cognitive effect ?
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Cognitive effects of aromatase inhibitor therapy in peripubertal boys

Hero MY, Maury S%, Losteniemi E*, Service EY, Dunkel L*

Table 3. Cognitive performance during 2-vear treatment with letrozole or placebo. Values are mean

EJE 2010 (SD). * ANOVA comparing Lz and placebo groups.
Letrozole Placebo I
Baseline ¥rl Yr2 Baseline Yl Yr2
Verbal Performance:
Similarities 137 @7 14743 163D 1759 16T 200 (55 0.70
(WISC-III) n=15 n=15 n=15 n=13 n=12 n=13 =27
Comprehension 157 (5.3) 15.9 (6.4) 18.3 (4.8) 19.3 (7.1) 21.3 (8.7) 21.2 (A.3) 0.22
(WISC-II) n=15 n=15 n=15 n=13 n=12 n=13 =27
Visuos patial Performance:
Raotation task hits 66,1 (14.5) TA040 70001068y TR203T) TIOA0 TLSOLL 0.al
n=15 n=15 n=14 n=13 n=11 n=12 n=25
Rotation task RT 1706 (570) 1433 731)  1212(40%) 1684 (5T0) 1417 (434) 1032(214) .82
(ms) n=14 n=14 n=14 n=10 n=10 n=10 =24
Block Design 44,0 (5.0 469 (9.0) 54305 3RB (138 404(151) S533(138) 0.1a
(WISC-III) n=15 n=15 n=15 n=13 n=12 n=13 =27
Rey-Osterrieth  29.15.2)  30541) 304420 25499 2857.9)  203(7.5) 0,35
(COpying) n=15 n=15 n=15 n=13 n=12 n=13 n=x7
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Vertebral morphology in aromatase inhibitor treated males with

idiopathic short stature or constitutional delay of puberty

Matti Hero ', Sanna Toiviainen-Salo *, Sanna Wickman ', Outi Mikitie ', Leo Dunkel

Journal of Bone and Mineral Research 2010

A: Normal vertebrae and intervertebral dises on MRI in a placebo-treated participant with 155 (T2-
weighted midsagnttal slice, TR 4500 msec, TE120 msec).

B: Grade 3a vertebral body deformuties in Th7-8 (arrows) in a letrozole-treated participant with 1S5,
C: Grade 2a and 3a vertebral body deformities (Th7-9, amrows) with endplate irregularities and
intervertebral dise changes n a letrozole-treated participant with 1SS,

D: Normal vertebrae with disc and endplate abnormalities (amrow heads) meluding Schmorl’s node

(arrow) 1n a letrozole-treated participant with ISS.
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