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Box 1. Factors That Increase the Likelihood for a
Monogenic Cause of Short Stature

Severe GHD

MPHD LR NIASE

Unequivocal GHI o

SGA without catch-up growth 1LB®<-35D

Additional congenital anomalies or dysmorphic features 2.85<-2.55D+ FIARE(Fz—
Evidence of a skeletal dysplasia —

Associated intellectual disability 3FNEE<-2SDEEH
Microcephaly

Height below —3/SD

Dauber et al Genetic Evaluation of Short Stature J Clin Endocrinol Metab, September 2014, 99(9):3080 —3092



I Patient with a high likelihood for a monogenic eticlogy of short stature — see Box 1

‘-I-' Yes

| : Targeteq gentttic testing
|sequencing, microarray, or
\l,NG karyotype as appropriate)

for known candidate genes
/_J \a:ﬂn W?) l_u 7 | Was the patient small for gestational age? | E
Yes He
N . ) Does the patient have disproporticnateshert =i e d = — ]
[=]
/-l \%I 3W5 Kt patient havie ol coaceptiy ¢ | stature or other skeletal anomaly? %1;th1§“9€'%:2 =) %%#'% :
é"""f\;;’_ h £ Yes L —
Targeted next generation Testing for Russall-Silver Perform a skeletal survey. Does the patient have growth o
sequencing panel and copy Syndrome andfor 3M Doesit suggest a distinet hormonpe dgﬁ;ifn;l.r or insensitivitg? E%G H DEEG HI ?
number azsessment of all synidroime syndrome?
genes known to cause ef_._____,..a-—-"- & h"";;;_._,_h‘_‘__\
ricrocephalic primordial Yes No 1'
dwarfism (Table 1) plusGF1 Ka if Tafgetad pexr generrigy
B Targeted genetic testing | ryotype | Karyotype | _sequencing panel and copy
and 1GFIR female, SHOX ;
baged if female number assessment of all
cnnsi:i:r FGFR3 genes known to cause isolated
GHO, multiple pituitary
hormone deficiency or groawth
If negative If-megative IT negative If negative Ifnegative hormeone insensitivity
Tables 2-4)
Consider saguéneing NPR2 if one
or both parents has short stature
If negative

Apparent ldiopathic Short Stature

If negative-.lf
Consider whole exome sequencing and chromosomal
microarray for copy number assessment
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Long-Term Results of GH Treatment in Silver-Russell
Syndrome (SRS): Do They Benefit the Same as
Non-SRS Short-SGA?

C. C. J. Smeets, G. R. J. Zandwijken, J. S. Renes, and-A. C. S. Hokken-Koelega

Objectives: To compare growth and adult height between GH-treated small for gestational age
children with and without SRS (non-SRS), and to analyze the difference in GH response among SRS
genotypes.

Design and Setting: A longitudinal study.
Participants: Sixty-two SRS and 227 non-SRS subjects.
Intervention: All subjects received GH treatment (1 mg/m?/d).

Main Qutcome Measures: Adult height and total height gain.

J Clin Endocrinol Metab, May 2016, 101(5):2105-2112
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Growth Hormone and
Neurofibromatosis

Simon J. Howell? Patrick Wilton® Anders Lindberg® Stephen M. Shalet?

1Department of Endocrinology, Christie Hospital NHS Trust, Manchaster, UK;
FRIGS/KIMS, Pharmacia & Upjohn, Stockholm, Sweden

G102 M EZGH ST AT EESFHESM I LB ST TR IT e

% 1L0.18mg / kg /WRISEISFIEEFAGHERYD | FiPIAfEEZH0.17mg
/ kg /w , JEFRPIAREEZH0.19mg / kg /w

Z£8 Y S EEKEEE AT TRIMNA. 2cm /R EEINEIE—FR7.1cm
/5, FEE AR 2MNE3IFHERESTESE. EGHNFE—=F , 85
SDSM-2. 4BNNE-1.9 , Z[SRFEXNTRE, TR NIEEE 2 BRYETT Y
S KRNESEEEER

Simon J.Howella , Growth Hormone and Neurofibromatosis, Horm Res 2000;53(suppl! 1):70-76



Table 2. Results of treatment of whole cohort expressed as medians (10th to 90th centile)

Before treatment Year 1 Year 2 Year3
n 102 83 57 41
Age, years 10.4 (6.2-13.9) 11.6 (7.2-14.9) 13.0 (8.4-15.9) 14.2(9.3-16.8)
Bone age delay, years 1.6 (0.1-3.4) 2.2(-0.3to +4.4) 1.7 (0.0-3.8) 1.8(-0.6 to +3.2)
Height velocity, cm/year 4.2 (1.7-6.4) 7.1 (4.6-10.0) 5.7 (209-8.3) 5.7(2:6=1.9)
Height SDS -2.4(-3.8100.0) -1.9(-3.5t0 0.0) -1.7 (3.4 t0 +0.1) =18 (-4.0to +0.4)
Height SDS-target height SDS -1.3 (<3010 +0.1) -1.0(-3.2t0o + 0.1) -09(=2.9t0+0.9) -0.7(-3.2t0 +0.4)
Change in height SDS not applicable 0.3(=0.2to040.7) 0.1 (=0.2 to.+0.6) -0.1(=0.3to +0.4)

Table 3. Results of treatment of 20 prepubertal children expressed as medians (10th to 90th-centile)

Pretreatment Year 1 Year 2
Age years 8.7(5.8-11.3) 9.7(6.7-12.4) 10.7 (7.7-13.4)
Bone age delay; years 2.3(1.8-3.4)® 2.7 (0.1-3.8)0 2.1(1.5-3.8)°
Heightvelocity, cm/year 4.1 (3.0-5.9)b 7.7 (5.5-9.8) 5.7 (4.1-8.4)
Height SDS -2.4(-3.3t0-0.9) -1.8(-2.6t0-0.2) -1.7(-2.6t00.0)
Height SDS-target height SDS -1.2(-3.1t0-0.3), -0.6 (-2.6t0-0.2) —-0.3(-2.61t00.0)
Change in height SDS not applicable 0.4 (0.0-0.8) 0.1 (=0.2t0+0.5)

in=12;n=11;°n=19.




Table 4. Adverse events over 3 years of GH treatment

1024 B 8973264, —ILIRIBA0R A H E

Adverse event

Patients

Progression of NF
Increasing size of café-au-lait spots
New neurofibromas
Increased size of prelumbar mass (?neurofibroma)
Recurrence of optic glioma
New intracranial tumour
Right cerebral hemisphere astrocytoma
Pilocytic astroeytoma (7site)
Brainstem glioma
Other (gastro-enteritis, allergies, chest infection)
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Table 1. Published studies of short- and medium-term (1-4 years) effects of growth hormone (GH) therapy on growth velocity (GV)
and height (in SD) of glucocorticoid-treated patients with juvenile idiopathic arthritis

Juvenile Idiopathic Arthritis,

Horm Res 2009;72(suppl 1):55-59

Author Study type Pa- Age GH dose Duration GV at GV Height Height Prednisone Disease
(year) tients atstart mg/kg/wk of GH baseline year1 SDSat.——year 1 dose dura-
[Ref.] of GH treatment cm/year year 2 baseline year 2 tion
years years year 3 year 3 years
year 4 year4
Butenandt Observational 20 13.0 0.1-0.2 1-2 2.7 62(n=12) NA NA 0.17 mg/kg/d 8.2
(1979) [6] (year 1)
Svantesson Observational 6 13.7 0.16-046 | 0.5-3 2.8 6.7 (year 1) -34 NA <5 mg/d 9.2
(1991) [7]
Davies et al. Observational” 10 9.2 0.15 1 24 4.5 (yearl) -3.0 NA 5-11 mg/d 6.2
(1994) [8] 10 10.6 0.3 2.0 6.1 (year1) -3.4 7.0
Touati et al. Observational 15 9.8 046 1 1.9 54 (yearl) -4.3 -4.3 (year1) 0.38 mg/kg/d 6.5
(1998) [9]
Simon et al. Observational 13 124 0.46 3 21 6.0 (year1) -4.6 -4.5(year 1) 0.39 mg/kg/d 8.2
{2003) [10] 5.0 (year 2) —4.5 (year 2)
4.1 (year 3) -4.3 (year 3)
Bechtold etal. Controlled 18T 101 0.2-0.33 4 24 4.7 (year4) -3.3 -2.3(year4) 02mg/kg/d 6.3
(2003) [11] 20C 2.3 3.4 (year4) -2.3 -3.0 (year4) 0.2 mg/kg/d
D. Simon, Effects of Growth Hormone Treatment on Growth in Children with
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Table 1. Effects of growth hormone treatment on glucose and plasma insulin levels in patients (n = 13) receiv-

ing glucocorticoid therapy for juvenile idiopathic arthritis

OGTT Baseline Year 1 Year2 Year 3
Serum glucose, mmol/l
Time 0 3.9(3.1,4.9) 4.1(3.4,5.1) 4.6 (3.6,5.5) 44 (3.2,5.2)
Time 120-min 5.8(4.8,6.7) 6.8 (3.7,9.2) 7.1%7(4.5,9.9) 7.0% (4.9,8.8)
Plasma insulin, mU/l
Time 0 10(3, 29) 14 (3, 37) 10.6.(3, 180) 11.1 (4, 29)
Time 120 min 55 (15, 157) 107 (4, 721) 112 (13, 442) 91 (9, 322)
Hemoglobin Aj, % 5.5 (5, 6.6) 5.8 (5.3, 6.0) 5.6 (4.9,6.1) 5.8 (4.7, 6.4)

Reprinted from Simon et al; [9] with permission from The Journal of Rheumatology. © 2003, The Journal

of Rheumatology. OGTT = Oral glucose tolerance test. Values are expressed as medians (range).

*p < 0.05versus baseline values; T p < 0.05 versus values in the previous year (nonparametric Wilcoxon

signed rank test).



—4— Before GH therapy

Fig. 1. Changes in oral glucose tolerance in
a boy who developed diabetes mellitus
during a relapse of JIA. Oral glucose toler-
ance was normal before starting GH treat-
ment (65 pg/kg/day). After 2 years of GH
treatment, the patient experienced a severe
relapse of JIA that required initiation of
high-dose prednisone therapy (0.95 mg/
kg/day). The patient subsequently devel-
oped asymptomatic-diabetes. GH dosages
were then decreased by 40%,and 3 months To T30 T60 1120
later, oral glucose tolerance parameters
normalized. Note that fasting glycemia re-
mained normal.

—m— During relapse

—& 3 months after
decreasing GH dosages

Glycemia (mmol/l)

Time (min)
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Fig. 2. Radiographic changes of the left knee at baseline and at +6
and +12 months of rhGH treatment. a Patient 6: rickets activity
score 4.8, 4.0 and 4.3. b Patient 10: rickets activity score 3.5, 3.0
and 2.0. c Patient 2: rickets activity scores 3.0, 4.5 and 3.5. Note

metaphyseal new bone formation and filling of poorly mineral-
ized areas (arrows).

Outi Makitie, Metabolic Control and Growth during Exclusive Growth Hormone
Treatment in X-Linked Hypophosphatemic Rickets , Horm Res 2008
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GH3&JTACHEY—Timeta s #7 (20164E)

. 7’3‘% XJACH)LErhGH; &7 R 1#E TMetaotfr

. % X]“lZAEH%EPEI’JSSS ( B1£54.0%) BrhGHIETFRJACH ) LEEH
oM. rhGHiETT. (FH7IEO. 21mg /k /ﬂ ’2|0.16-0.42mg /
%/ﬂ s ﬁ% -5.069 ( SDS; 95%CI -5.109%-5.029.) : p
0001] K= 14355 SOE ( 95%C A 13632-4.287) : p
<0.0001 am24/\)% S 073 552 (9590l 4 12810 0

<0. 0001] bElg , HtRFS AR BEERIGTT %SE[ 3.941 SDS (195%
CI ‘4.671%F-3212) ;' p <0.0001]

o 2518 v 1EACH LﬁEF' hGH;&8y7 55 {&EHtM-5.045%-4.0 SDS ,
B e g B A e e o
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Mario Miccoli , Height Outcome of Recombinant Human Growth Hormone Treatment
in Achondroplasia Children: A Meta-Analysis , Horm Res Paediatr 2016
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Mario Miccoli, Height Outcome of Recombinant Human Growth Hormone Treatment in
Achondroplasia Children:A Meta-Analysis, Horm Res Paediatr 2016;86:27-34
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Fig. 1. After 1 year of rhGH treatment, both height velocity (a) and absolute height SDS (b) increased signifi-
cantly, while the change in height minus midparental height SDS (c) did not.
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Mitchell E. Geffner ,Use of Recombinant Human Growth Hormone
in Children with Thalassemia , Horm Res 2009
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M. Delvecchio, Growth and endocrine function in thalassemia major in
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