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Abstract

Backgreund: The most effective growth hormone (GH)
treatment regimen for ingreasing height in short children
bern small for gestational age (55A) has not been well de-
fined, Methods: Short SGA children (n = 151, age 3-8 years,
height Fess than -2.5 standard dewviation scores) wera ran
domised to recelve low-dose GH for 2 years (0.033,/0.033 mgy
kg'day, m = 510, high-dose GH for 1 vear and then no treat-
ment for 1 year {2000 mokg/day, n = 51} or wara untreated
far 1 year then received mid-dose GH for 1 yaar (000067 mgy
ka'day, m = 47], Height, bone age and adverse events were
detarmined at check-ups every 3 months. Reswlts: The mean
+ S0 additional height gain with GH after 1 year, relative 1o
untreated controls, was higher with discontinuous high-
dose thar with continuous low-dose GHBS £ 0.2 ve. 3.3 +
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0.2 crnp. After 2 years, the additional height gain was similar
between high- and low-dose GH groups (betwsen-group
wreatment difference =0.2, 95% 0l = -0.8 te 1.2cm, p=0.702).
Patients treated exclusively in the last year had a similar
height gain to those in the other treatment groups (p =
0.604). Conclusions: In chort 5GA children, continwous low-
dose and discontinuous high-dose GH regimens were asso-
clated with similar helght galn. Treatmeant with mid-dose GH
for 1 year aleo led 1o a similar improverment ingrowth.
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Intraduction

Approcimately 3% of children are born smeall for ges-
tathomal age (SGA, defined as biethweight/birth length
less tham -2 stundard deviation scores, SIS 1] Maost
SGA infams experience a period af accelerated growth
during the first 12 months of lite that results inoa nor
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malisation of height in up to 90% of them [2]. Most of this
catch-up growth occurs during the first year and is near
to completion by 2 years of age [1, 2. SGA infants who do
not experience spontaneous catch-up growth remain
short during childhood and eventually achieve adult
heights that are usually below -2 SDS [I, 3]. Previous
studies suggest that this cohort of adults who were born
SGA and who have persistent growth retardation com-
prise 20% of the total population of short-statured adults
[1].

In children who remain short after 2 years of age,
treatment with recombinant human growth hormone
(GH) at doses of 0.033-0.067 mg/kg/day is associated
with a significant acceleration ot linear growth, resulting
in a height within the normal range during childhood
[4-7]. In short- and mid-term studies, height gaing range
trom 1.1 to 2.6 SDS depending on the age of the child at
the start of treatment, the GH dosage and the duration of
GH therapy (5. 8-13]. After the initial catch-up, most of
this height gain is maintained, allowing the majority of
children to achieve an adult height within the normal
range for their population [14]. During the early years of
treatment, a dose-response relationship between height
gain and GH dose (0.033-0.067 mg/kg/day) has been de-
scribed, with increases being significantly greater in
those receiving 0.067 mg/kg/day than in those receiving
0.033 mg/kg/day [5, 10]. Current recommendations sup-
port the use ol higher GH doses in those children with
the most marked growth retardation [15, 16]. However,
the optimal GH dose regimen remains a matter for de-
bate, with some authors prcfcrring continuous treatment
[5] and others favouring discontinuous treatment [10], In
a small cohort of short-statured SGA children, prelimi-
nary data showed that a similar gain in height was
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achieved with the use ot high-dose GH (0.100 mg/kg/day)
for a period of 2 years as compared with continuous low-
dose GH for up to 6 years [15]. However, a marked catch-
down in growth has been reported following discontinu-
ation of GH treatment, especially during the first off-
treatment year [11, 16, 17},

The aim of the present study was to compare the gain
in height over 2 vears in short SGA children receiving 3
different GH treatment regimens.

Patients and Methods

Study Besign and Patients

This was a mulinational, 2-year, randomised, prospective,
parallel group study comparing the efficacy and safety of three
different dose regimens of recombinant human GH (Norditrop-
in®, Novo Nordisk A/S, Bagsveerd, Denmark). The study was con
ducted in accordance with the ethical principles of the Declara-
tion of Helsinki and itsamendments, and local ethical committee
orinstitutional review board approval was obtained at cach study
centre. Intformed consent was signed by the parent or guardian of
cach child included in the study.

The study population comprised treatment-naive children 3-
8 vears of age, who had persistent short stature and who were born
SGA (birth weight and/or length = -2 SDS), a height SDS =-2.5
SDS, a height velocity SDS <0 during the last 3 months before
study entry. a parental height =-2 SDS of their population’s
mean and a normal response to a GH stimulation test [peak =10
ng/mal (20 mTUmb]. Patients entered the study ina 3-menth run-
in period during which eligibility was assessed and prestudy
height was measured. Patients were then randomised 1:1 to dou-
ble-blind treatment in the two active GH treatment groups or o
acontrol group that was untreated inthe first year and started GH
treatment in the second vear (fig. 1. A computer-controtled, cen-
tralised (at Nove Nordisk A/S) system was used to assign treat
ment. The study extended from November 2002 (first visit of the
tirst patient) to July 2006 (last visit of the last patient).
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Table 1. Favient characteristics at birth and an baseline

Lantinusis INsyand wis Wlid-sfone LH
heree-donss GH Bigh-duss GIL {0VILIGT gy
[GALALGH mg' L0 meikg' kgiday]
pdalin=511  dyyiin=511  dn=dT)
M, % R545% 47:53 S149
Harth length, cm 143158 4643 1349250
Rirth weight. kg 1906 20ERG 0EDs
Ciestational age, weeks 309+ 36 N e e S e
Tarpet height 1% -9 & LB 2 G IR
Height, cm EEREA R GReL90 G92EFN
Heigha S0 -31x0s -3i=n7 -31=05
Agi, yiark ERE - FAxld ShElA
Home ape, years 4718 19% 18 EUES R
hEE2

ha:CA

hExn: lhEx0n2

Data are means £ 503 unless ofherwise stated, BA:CA = bane
age-ta-chronedmgical age ratis,

Druring the first study vear, patients in the continuous Jow-
dose proup received GH ata daily dese of 0035 mg!/kg. and those
in the discontinuons l1i5|1 dlose group recerved GH at a (|ail:-' dhisse
af 0100 mgkg, while the control group were untreated ifig, 11, At
theend of the fiest year. patients in the continuows by -dise groug
continued treatment and thase in the discontinuows high-dose
roup slqup:d treatment, Patsends in the untreated congrol proup
recelvid GH an a daily dose of (L067 mg/kg bn the second vear of
e study. An untreated control group was selected in vear | be
cause placebs therapy was considered wnethical. GH was admin-
istered as & daily subcutaneous injection using a pen imection
device {Mordifen®, Movo Mordisk A5,

Patients in the continuous low-dose or discontimoeus high-
o treatment groups had clinical assessments at 1.5, 3,45, 6,9
12, 15, 18, 21 and 24 months alter ramdomisation. Patients ran-
dhomised fo the unireated graup in the tirsi yeur had additwnal
visits an 135 and 16,5 manths after starving GH treatment months
(1.5 wend 4.5 months after starting treatment with GH 0067 my/
kgn’qh}'l\. At each visii, In'ighl was recorded as the mean of 4 ande-
|\¢ndunt nhservatusns u;.ing a I'Iur:|1|_':1|,1un stadioneeter [Haltiim
Lid, Crymych, UKL The argen height for boys was caloubaned
from the mean height of the parents plus half the difference be-
tween the means of the male and fomale populations, The target
belght for girls was caloulated as wean heghn of parents minos
halt the difference between the means of the male and female
|:l|||||.|LaIi|:-|:|':. Sex-adjusicd tarpet Il.rerr. wins Hhen caleulsted bassxl
o agpropreale national height references, Bone age (A, 1w 2-
RLUS) (18] wits assessed cemtrally wsing X-ray by clinicians wh
were binded o the subiect s characteristics amd treatment {2 xoepl
for gerider). Body weight Gin kg was assessed an vach visine, Safety
weits i lso assessed by recording the socurrence o adverse pvents
during the trial

.‘:rlrsf]'.r’-s.sr.urlu'ﬂ.':

The primary endpaint of the stody was measurement of beight
during 2 years of treavment. The treatment effect was mesured
as L adelitional height gain witl GH above that in the untreatsd
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short 5GA children during the first pear of the studv, Secondary
condpeants incloded height 0% atter cach year of teatment.
change i insulin-like gn:lwll: factor | (1GE 1) and insulin-like
armwth lactor |:lindi:|1§ pratein 3 (IGFBE-3) levels during treal-
ment, as well as changes i fasting glucose, insulin amd glycosyl-
ated haemoglobin (HBAF levels. Height 338 was calenlated ac
cording tothe appropriate populatien references by couniry, 1GF-
Tand IGFRP-3 concentrations were converted Lo 8105 values |v!.'
comparizon with data from 2 bealthy reference populatan

Measurements of IGF-L and IGFEP-3, glucose, insulin ard
HbA were performed comrally anthe Labovaoeivm G klinische
Forschung, Raisdosf, Gormanmy.

Sristical Analyses

Stanistical analysis of additional beight gain, as well as other
efficacy variables, was performed using a mised effects madel
(AMCOVA) where effects of age, sex and treatment duration were
incloded. The effeces of age amd teeatment duration were assumed
to e precewise linear within each year, Height gain af the yn-
treatesd children daring the first year of the stusdy was nsed a5 2
reterence for wntreated children, The subpects” sdividual saning
heaghns amd yearly growth rates were included as random effects.
Al vests were 2-saded Ftests, Ts-erl:'nmu'l.l at the 3% level of signi.ﬁ-
cane,

With i randomlsatson ratio of 1:1, i Lsase 50 patients bhad w be
enrolled ineach group tiseletect a difterence in hedght gain atil.75
cmy herween confinwous and discontiness reatment groups
with a power of W% and a sigmifcance bevel o035, To ally com-
parisons of secendary objectives with the third treatment group,
as well allowing for a stedy d ropowt rate of 2%, 180 subyects were
required o be enralled bn the study. A total of 151 patients were
randomised in the !Il.ld.':,'., 51 received contineos low-dose CGH
(0ER R medkpidayh 51 received discontimseus high-dosc
GH 000 mp kg/day] and 43 were umreated in Year 1and re-
ceived mid-dose GH (V0067 mp/kgiday) in Year 2. All were
available tor the determination of safety and 149 (n = 51,0 = 31,
no= 471 were available for the efficacy analysis.

Results

Putient Demaygraphics

Bascline demographic data are shown in table 1 All
patients were prepubertal and there were no differences
between treatment groups in chronological age (CA]
o age {BA}L gender distrabation and auxological dia

.f:}ﬁq.‘a!f)l

Addatiooeal Hetglit Gader, Additiomal height gain was
defined as that above the height gain in the untecated
S04 children during the first vear of the study, that is,
those randomised to the 00,067 mg/kgfday group, After
2wvears mean £ 51 additional height gain was compa-
rable between the continuous low-dose (4% % 005 cm)
and discontinuous high-dose (5.1 % 0.4 cm) treatment
groaps festimated between treatment difference = 0.2,

Phillip e al



Tabbe 2, Actual |||.'ig|1l fem) and gain in actwal beight fom) frem bascline by treatment growp and by stady da-

ration

Height 5105
Height 509 at baseline
Height 5135 ar end of Year 1
Height 508 ar end of Year 2
Change in height SD3
{:hnnl_l‘r m hn,'iglll s Jﬁ.during Wear 1
Change i height S1% during Year 2

Owerall uh.l:ug«.- in he:t:_ht 505 from haseline

ter el of study {¥car 1+Year 2)

Dhata are means £ 510,

5% CI = —0L8 o 1.2, p = 0.702). Druring the first study
vear mean (2 S0 additional height gain with GH ther-
apy was greater in the discontinuous high-dose group
than in the continuous low-dose group (6.5 = 0.2 vs, 3.3
0.2 e fg, 3, The between-treatment difference at 1
year was not evaluated statistically.

Im the second study year, patients in the discontinuous
high-dose group experienced a catch-down in growth af-
fer stopping, treatment and gained less height tham ex-
pected; that is, additional height gain was less than in the
untreated children in Year 1 (mean = SD = -14 = 0,3
cim, 95% Cl = <200 w0 0.8 cm; Bg, 20, For patients in the
mid-dose group, the additional height gain following GH
treatment in Year 2050 & 0.2 cm) was ot significantly
diflerent from height gain at 2 years in the other GH
treatment groups (p = (hatk; fig. 2).

Additional height gain during the first year of treat-
ment was dose-dependent with the greatest additional
height gain in the discontinuous high-dose group {low-
dose Year 1: estimated mean = 3.3 ¢m, 95% C1 = 29-37
cm; high-dose Year 10 cstimated mean = 6.5 cm, 95%
CI = 60-6.49 o mid-dose Year 2- estimated mean 5.1
o, 5% O 4.7-5.6 cm; p o< L0001}

Heiypht U5, During the first study vear, the mean gain
i height 1% was greatest in the discontinuous high-
dose group (able 21 Afier 2 vears the mean increase in
height SIS was not different between treatment groups
{table 2. Indeed, a similar proportion of patients scross
treatment groups had achieved a height within the nor
mal population range (more than -2 S15) after 2 years,

Efficacy of Different GH Regimens in
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GH dose
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Fig. 2. Additiomal height gain in cach trearment groag im the first
anid secand vears of the study and over the Z-vear study period.
Addiionsal height gain is the additional estimated gain in height
after GELireatment, Gain in heightin the entreated group during
the First vear of the study is, thercfong, not shown, Data ane mwan
= Al

Sufery

Adverse Bveerts, GH treatment was well tolerated in all
dosage groups. Adverse cvents were reported in al% of
children in the continuous low.dose group, compared o
67% in the discontinuous high-dose treatment group and
71% an the mid-dose group, The majority (249358, 73.5%)
of adverse events were mild 10 moderate in severity, and
the maost common events (57%) were childhood infec-
tions, Sixteen serious adverse events were noted, 3 of

Huwm Res J00RT 15350 55



Table ¥ Changes in serum concentrations and [GF-1 5085 by
treatment group from baseline to end of Year 1 and end of Year 2

GH dose, mgkglday

(3ANL03E O L LINEET v
[m=351} fm=351}) [n="51%

TGF-1L gl

Baseline THTE594 145914923 1ML E R4

End of Year | LR RN ELE N ]| 17622 107

Eaud of Year 2 66T X 206 N2EEIM SAEE2TS
FGFRP-3. gl

Basclime ERES T EEEIT idzia

End ol Wear | 45+ 1.0 AESR? e

End of Year 2 50+ ]2 4dx Lz SEE12
[GT-1 404

Haseline -l4 X006 -L1x09 -l2= 10

Eaid of Year | LGRS EREN| na=p2

End ol ¥ear 2 lEx2] ki Z 10 2RE1E
Fasting glucose, mmal/l

Raseline 46X 6 4.7 X6 ELELIE

Enid of Year | AREDS SN EEIT

Endd ol Wear 2 4504 ENEXIEY ERELIT
Fasting insulin, wllUfml

Baseline ENE L7t JHEAE

Fnd of ¥ear | 53%35 BEu*x50 4.1 +/3

Eaed of Wear 2 6347 43i+39 Rl1+54
HbAy, %

Raseline 51*04 SX%{A 51 +04

End of Yeur | aAxid A2 52104

End of Year 2 52205 32X LR T T

Data are means % 5[

which were likely tobe related 1o GH therapy (in the 10070
mg/kglday group 1 patient reported convulsions and epi
lepsy, in the 0/ML0RT mg/kgiday group | patient developed
papalloedermad, GH was discontinued temporarily in both
cases, after which both patients made a full recovery o in
the case of epilepsy, the condition stalalised,

Bose Age. The mean BACA ratio was 0.8 + 0.2 across
treatment groups at baseline and normalised toa value of
L0 inall treatment groups al 2 vears,

TEGAD and IGFBP-Z. Serum concentrations of G-
and IGFRP-3 and the [GF-1 805 are shown in table 3.
Both concenteations and the 1% increased from baseline
to Year 2 with GH treatment. On stopping GH treatment,
levels of these parameters decreased and returned o near
to baseline values. Mean WGF-1 SD05 was outside the nor-
mal reference vange (-2 10 2 8T8 at 2 vears in the discon-
tinuous high-dose group and after 1 year in the mid-dose
group.

ah I8orin Hes 2009,70:52-59

Fasting Cluceose, Insulin and HbA | Levels. Mean fast-
ing glueose levels increased during GH treatment (ta-
ble 3, Discontinuation of GH treatment in the discon-
tinvous high-dose group during Year 2 was associated
with a reduction in mean fasting glecose levels helow pre-
study levels (table 31 Insulin levels also increased (within
the reference range of 2.6-24.9 I ml) during periods
of GH treatment {table 3. In Year 2, stopping GH treat-
ment in the high-dose GH group led 1o a reduction in
insulin levels. Mo clinically relevant changes in HhA,
were ohserved during the treatment period (table 31 Twno
non-serious adverse events were related 1o glucose me-
tabalism. In the low-dose continuous GH group Hba,,
levels increased to above the reference range in | patient,
and in the discontinuous high-dose GH group hypergly-
caemia was reported in | patient.

Discussion

I the present study, GH treatment for 2 vears im-
proved height gain in severely growth-retarded children
baorm SGA. After 2 vears, the height gain was not differ-
enl between the continuous low-dose and the discon-
tinuous high-dose GH regimens, The gains in height af-
ter 2 yvears” continuous GH therapy reported in this
study are consistent with those described in studies in
which a similar GH dosage was used [5, 10]. The results
in the discontinuous treatment arms in our study are in
agreement with findings from other studies comparing
discontinuows and continuous treatment regimens |10,
14).

L our study, catch-down growth was observed follow-
ing discontinuation of GH in the high-dose group. This
was, however, of limited magnitude compared o the
overall height gam during the study. Other authors have
reported a reduction in height velocity [13] or mean loss
in the height SD6 (11, 17] in SGA children after stopping
GH treatment, Interestingly, the mean gain in overall
height in our study was not different for patients m the
mid-dese GH group wha started GH after 1 vear and the
group on the continuous low-dose regimen.

In the present study approsimately halfof the children
ineach treatment group achieved a stature above -2 5005
after 2 years.

Consistent with other published reports on the effi-
cacy of GH in prepubertal SGA children [5, 7, 10, 16, 20,
1} we found a dose-dependent height gain during the
first treatment vear. Similar to findings in other studies
involving girls with Tarner syndrome and in GH-defi-

Fhillip et al,




clent patients, as well a5 in patients born SGA, we found
that height gain during the first treatment year was high-
er than that in the second treatment vear for patients in
the continuwous GH group [6, 22-25], This phenomenon
may be multifactorial, including reduced responsiveness
of the growth plate to GH andior 1GF-1 with long-term
exposure [26],

In the present study, GH was not associated with any
new or unknown considerations regarding the safety of
GH ina pacdiatric population. Of the 3 serious adverse
events that were considered possibly related 1o the ac-
tien of Gl the epilepsy occurred in o patient with a
medical history of cerebral haemorshage. A possible se-
quela of cerebral haemorrhage is development of epi-
lepsy |27 In the case of papillocdema ne evidence of
benign imracranial hypertension could be verified (us-
ing computerised mography and magnetic resonance
imaging scans), although a causal relationship o GH
treatment could not be excluded, As in other studies, we
fosand that GH treatment was associated with a dose-de-
pendent increase in both IGF-T and IGFBE-3 levels [21,
28], Mo clinically adverse disturbance in glucose me-
tabalism was observed either during GH treatment or
during the follow-up perind. In accordance with other
reports [32-33], although fasting glucose levels and in-
sulinlevels increased during the treatment period, these
changes appeared to be reversible on cessation of GH
treatment. Changes in insulin-to-glucose ratios have
been reported in other studies, but in most patients the
impaired glucose tolerance may be transient and the
glucose tolerance is not altered.

BA was delaved relative o C A at baseling but advanced
during GH treatment, resulting in a normalisation of the
BAGCA ratio at 2 years. Similar data deseribing BA pro-
gression during GH treatment from low haseline levels
[18, 36, 37| have been reported by other authors.

I conclusion, contimeous low-dose and discontine-
ous high-dose regimens of GH administration resultina
similar increase in height SD3 after 2 vears, Disgontine
atien of GH in the Tigh-dose group for 1 year was fol-
lowed by catch-down in growth resulting in a total height
gaim during that vear that was below the predicted value,
Cur results also suggest that o mid- to high-dose GH
treatment regimen provides a valuable treatment option
for late starters of GH therapy,

I-Zm.uq.' of Ditteremt GH H.u,'gi'r.fu, i
Shesre SGA Chikdren
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