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Abstract.	Our	study	aimed	at	evaluating	the	safety	and	efficacy	of	GH	treatment	up	to	near	adult	
height	(NAH)	for	short	children	born	small	for	gestational	age	(SGA).	This	was	a	multi-center,	open-
label,	long-term	extension	study	after	a	one-year,	randomized,	open-label,	dose-response	study.	The	
primary	objective	was	to	assess	safety,	determined	by	adverse	events	and	laboratory	test	parameters.	
Height	parameters	were	evaluated	as	a	secondary	objective.	The	final	data	after	all	patients	completed	
the	study	were	reported.	Overall,	61	patients	were	enrolled	in	the	study.	GH	treatment	was	well	
tolerated.	No	notable	changes	in	HbA1c	levels,	oral	glucose	tolerance	tests	and	glucose	metabolism	
were	observed.	No	new	safety	concerns	related	to	long-term	treatment	up	to	NAH	were	identified.	
Twenty	patients	(11	boys	and	9	girls)	reached	NAH	with	a	mean	height	of	159.1	cm	and	146.9	cm,	
respectively.	The	mean	change	in	height	SDS	from	baseline	to	NAH	was	+1.9	in	boys	and	+1.8	in	
girls.	Long-term	GH	treatment	for	SGA	short	stature	was	confirmed	to	be	safe	and	effective	for	the	
normalization	of	adult	height.
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Introduction

GH	treatment	is	internationally	recognized	
as	the	only	standard	therapy	for	short	children	
born	 small	 for	 gestational	 age	 (SGA)	 (1–3).	
Although	data	regarding	the	efficacy	and	safety	
of	long-term	GH	therapy	are	being	accumulated,	
there	is	no	data	for	Japanese	SGA	patients	who	
were	followed	up	to	adult	height.

This	Phase	III	study	started	in	2002	and	
has	 continued	 through	 long-term	 follow-up.	
We	have	published	several	interim	reports	on	
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this	study,	including	a	dose-response	study	(4),	
a	follow-up	study	reporting	outcomes	of	long-
term	GH	treatment	(4–8	yr)	in	a	subpopulation	
of	Japanese	short	children	born	SGA	(5),	that	
in	those	who	met	all	criteria	for	GH	treatment	
according	to	the	Japanese	guidelines	(3),	and	an	
interim	analysis	of	up	to	10	yr	of	treatment	(6).	
Here,	we	report	the	final	data,	including	those	
on	near	adult	height	 (NAH),	 that	have	been	
collected	upon	completion	of	the	study.

Methods

Ethics
The	 present	 trial	 was	 performed	 in	

accordance	with	 the	Declaration	 of	Helsinki	
and	The	Ministerial	Ordinance	on	Good	Clinical	
Practice	for	Drugs.	Written	informed	consent	
was	obtained	from	the	patients’	parents/legal	
guardians	 and,	 when	 possible,	 the	 patients	
themselves.	The	study	protocol	was	approved	
by	 the	 institutional	 review	 boards	 at	 each	
participating	facility.

Patients
The	total	number	of	patients	was	61,	with	

29	in	the	0.033/0.067	mg	group	and	32	in	the	
0.067/0.067	mg	group	(see	below	for	definitions).	
Inclusion	and	exclusion	criteria	were	described	
previously	(4).

Study design
This	was	a	multi-center,	open-label,	long-term	

extension	study	after	a	one-year,	randomized,	
open-label,	dose-response	study	conducted	at	19	
institutions	listed	in	the	Institutions	Participated	
in	the	Study.	This	study	consists	of	a	one-year	
dose	response	study	(Study	002)	followed	by	a	
long-term	extension	study	(Study	007)	of	over	10	
yr,	including	the	post-marketing	phase	(Fig.	1).	
In	study	002,	patients	were	randomly	assigned	to	
two	groups	receiving	0.033	or	0.067	mg/kg/d	GH.	
In	Study	007,	the	dose	was	increased	to	0.067	mg/
kg/d	in	the	group	previously	receiving	0.033	mg/
kg/d	GH	(0.033/0.067	mg	group),	while	the	dose	

did	not	change	for	children	who	had	previously	
received	0.067	mg/kg/d	(0.067/0.067	mg	group).	
The	 summary	 of	 Study	 007	 is	 disclosed	 in	
Clinicaltrials.gov	(NCT01859949)	(9).

The	treatment	termination	criteria	defined	
in	the	protocol	were	“reaching	a	height	SDS	of	
0	for	chronological	age”,	“reaching	a	bone	age	of	
17	yr	in	boys	or	15	yr	in	girls”,	“annual	height	
velocity	(HV)	<	2	cm	after	achieving	peak	velocity	
at	puberty”	and	“annual	height	velocity	<	1.0	
cm”.	When	patients	met	any	one	of	these	criteria,	
study	participation	was	terminated.	Onset	of	
puberty	was	 defined	 as	 the	 immediate	 time	
point	after	 the	point	when	secondary	 sexual	
characteristics	reached	Tanner	Stage	II.	NAH	
was	defined	as	height	at	the	immediate	time	
point	after	the	point	when	annual	HV	became	
less	than	2	cm	after	achieving	peak	velocity	at	
puberty	or	when	bone	age	reached	17	yr	in	boys	or	
15	yr	in	girls.	Patients	whose	height	SDS	reached	
0	and	GH	administration	was	discontinued	due	
to	the	termination	criteria	were	included	in	the	
NAH	analysis	when	the	above	NAH	definition	
was	 satisfied.	 In	 addition,	 height	 SDS	 at	
NAH	was	calculated	using	standard	height	at	
chronological	age	for	Japanese	boys	and	girls	
when	each	patient	reached	NAH.

Safety	 assessment	 methods,	 including	
laboratory	 tests,	 bone	 age	 evaluation,	 and	
puberty	evaluation,	were	described	previously	
(5).	 Hemoglobin	 A1c	 (HbA1c),	 fasting	 blood	
glucose,	oral	glucose	tolerance	tests	 (OGTT),	
immune	reactive	insulin	(IRI)	and	homeostasis	
model	assessment	of	insulin	resistance	(HOMA-
IR)	 were	 evaluated	 as	 glucose	 metabolism	
parameters.	OGTTs	were	performed	at	baseline	
and	 on	 termination	 of	 the	 12-mo	 treatment.	
Children	were	administered	1.75	g/kg	glucose	
(maximum:	75	g),	and	subsequently	blood	glucose	
and	IRI	levels	were	determined	for	up	to	120	
min.	 Glucose	 tolerance	 data	 were	 assessed	
using	standards	established	by	Kuzuya	et al.	
(7)	and	individual	patients	were	classified	into	
three	categories:	normal,	borderline,	or	diabetic.	
Diabetic	is	defined	as	fasting	plasma	glucose	
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(FPG)	levels	≥	126	mg/dl,	and/or	plasma	glucose	
levels	≥	200	mg/dl	at	2	h	after	glucose	load	(2hPG),	
while	the	normal	pattern	is	defined	as	FPG	levels	
<	110	mg/dl	and	plasma	glucose	levels	<	140	mg/
dl	at	2hPG.	The	borderline	pattern	is	defined	as	
intermediate	between	the	diabetic	and	normal	
patterns.

Statistics
Statistical	 methods	 were	 described	

previously	(5,	6).	Full	analysis	set	(FAS)	was	
used	and	it	was	defined	as	the	set	of	patients	
who	 met	 the	 inclusion/exclusion	 criteria	 as	
well	as	excluded	individuals	who	were	never	
administered	the	study	medication	and	had	no	
study	assessment	data	after	the	start	of	Study	
007.	In	the	efficacy	analysis,	baseline	values	of	
Study	002	were	used	for	Study	007.	In	the	safety	
analysis,	 treatment-related	 adverse	 events	

(AEs)	 during	Study	 007	were	 reported.	AEs	
and	abnormal	changes	in	laboratory	tests	that	
occurred	during	Study	002	and	were	not	resolved	
at	the	start	of	Study	007	were	included	in	the	
final	analysis.	When	AEs	or	abnormal	changes	
in	the	laboratory	testing	values	were	resolved	
during	Study	002,	but	subsequently	occurred	
again	during	Study	007,	 they	were	 included	
in	the	final	analysis	as	new	AEs	or	abnormal	
changes	in	laboratory	tests.

IGF-1	SDS	was	calculated	with	Japanese	
reference	values	(8)	of	serum	IGF-1	concentration	
in	children	classified	by	sex	and	age.

Summary	statistics	of	patients	who	reached	
NAH	during	GH	treatment,	whose	change	in	
height	SDS	from	baseline	to	NAH,	or	whose	
change	in	height	and	height	SDS	from	puberty	
onset	to	NAH	were	calculated	according	to	sex.	
Height,	height	SDS	and	age	at	puberty	onset	

July	2018

Fig. 1.	 Study	design	of	Studies	002	and	007	including	the	post-marketing	phase.	0.033/0.067	mg	group:	
Participants	who	were	treated	with	somatropin	0.033	mg/kg/d	in	the	preceding	study	for	12	mo	received	
a	dose	of	0.067	mg/kg/d.	0.067/0.067	mg	group:	Participants	who	were	treated	with	somatropin	0.067	
mg/kg/d	in	the	preceding	study	for	12	mo	were	maintained	on	the	same	dose.	After	entering	the	post	
marketing	phase	study,	the	dose	could	be	changed	to	0.033	mg/kg/d	from	the	viewpoint	of	age,	puberty,	
height	velocity,	and	safety.
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were	also	summarized	by	sex	for	patients	who	
reached	puberty.	NAH	SDS	and	height	SDS	at	
puberty	onset	were	calculated	based	on	Japanese	
reference	 standard	 values	 according	 to	 sex	
and	age	when	patients	 reached	 the	 relevant	
milestone.	 Scatter	 plots	 of	 height	 to	 age	 at	
puberty	onset	were	generated	by	sex.

Results

Patient background and disposition
After	 completing	 the	 previous	 one-year	

treatment	in	Study	002,	61	out	of	62	patients	
who	entered	Study	007	were	treated	with	0.067	
mg/kg/d	GH	and	continued	until	the	pre-specified	
treatment	termination	criteria	were	satisfied.	
Three	 of	 those	 had	 comorbid	 Silver-Russell	
syndrome.	Changes	in	the	number	of	patients	
in	both	studies	are	summarized	in	Fig.	2.	One	
patient	was	maintained	at	the	dosage	of	0.033	
mg/kg/d	even	after	 completion	of	Study	002,	
as	the	investigator	considered	that	0.033	mg/
kg/d	 is	 sufficiently	 effective	 for	 this	 patient.	
In	this	report	this	patient	was	included	in	the	
0.033/0.067	mg	group.

Mean	 duration	 of	 GH	 treatment	 during	
the	total	period	of	the	study	was	7.15	(range:	
1.49–13.53)	 yr	 in	 the	 0.033/0.067	mg	 group	
(29	patients),	and	6.44	(1.80–12.24)	yr	in	the	
0.067/0.067	mg	 group	 (32	 patients).	 During	
the	 total	 period	 of	 Studies	 002	 to	 007	 post-
marketing	phase,	the	mean	adherence	of	drug	
administration	per	patient	was	favorable	(pre-
defined	as	more	than	75%)	in	all	patients	except	
for	one	with	a	mean	adherence	of	64.7%.

The	clinical	characteristics	of	the	61	patients	
at	birth	and	the	start	of	GH	treatment	are	shown	
in	Table	1.	Demographic	characteristics	were	
similar	 between	 the	 two	 treatment	 groups.	
Among	44	patients	in	this	study	who	met	the	
criteria	 of	 the	 Japanese	 guidelines	 for	 GH	
treatment	 initiation	 (height	SDS	<	–2.5),	 20	
patients	werein	the	0.033/0.067	mg	group	and	
24	in	the	0.067/0.067	mg	group.

Efficacy
A	summary	of	patients	who	reached	NAH	

during	 GH	 treatment	 is	 shown	 in	 Table	 2.	
Twenty	patients	(11	boys	and	9	girls)	reached	
NAH.	Among	these	patients,	the	mean	height	at	
NAH	was	159.1	cm	(–1.56	SDS)	in	boys	and	146.9	
cm	(–1.61	SDS)	in	girls	at	the	time	NAH	was	
reached;	the	change	in	height	SDS	from	baseline	
to	NAH	was	+1.87	SDS	in	boys	and	+1.82	SDS	in	
girls.	The	mean	pubertal	height	gain	(from	onset	
of	puberty	to	NAH)	was	22.2	cm	in	boys	and	20.6	
cm	in	girls.	Age	at	NAH	ranged	from	14.6	to	16.8	
yr	in	boys	and	from	12.8	to	16.5	yr	in	girls.

Among	the	41	patients	(22	boys	and	19	girls)	
who	reached	pubertal	onset,	the	mean	age	at	
pubertal	onset	was	11.7	yr	in	boys	and	9.6	yr	in	
girls.	The	mean	height	at	pubertal	onset	was	
137.5	cm	(–1.19	SDS)	in	boys	and	124.6	cm	(–1.56	
SDS)	in	girls	(Table	3).

The	number	of	patients	whose	height	SDS	of	
chronological	age	exceeded	–2.0	at	the	completion	
or	discontinuation	of	the	study	was	26	out	of	33	
(78.8%)	in	boys	and	19	out	of	28	(67.9%)	in	girls.	
However,	the	number	of	patients	whose	NAH	
SDS	exceeded	–2.0	was	9	out	of	11	and	6	out	of	
9	in	boys	and	girls,	respectively.

Exploratory analysis
Since	 we	 started	 this	 study	 before	 the	

establishment	of	GH	treatment	guidelines	for	
SGA	in	Japan,	height	SDS	≤	–2	was	applied	
as	 the	criterion	 for	 initiating	GH	treatment,	
consistent	with	other	growth-related	studies.	
Japanese	guidelines	published	later	stipulated	
that	height	SDS	<	–2.5	consists	a	treatment	
initiation	criterion	(3).	Due	to	the	difference	in	
criteria	between	our	study	and	the	Japanese	
guidelines,	we	analyzed	NAH	endpoints	in	a	
subgroup	of	patients	with	height	SDS	<	–2.5	at	
baseline.	Out	of	20	patients	who	reached	NAH,	
17	were	<	–2.5	SDS	in	height	SDS	at	baseline.	
Among	them,	mean	height	at	NAH	was	158.7	cm	
(–1.60	SDS)	in	boys	and	146.6	cm	(–1.77	SDS)	in	
girls,	which	was	above	the	academically	defined	
short	stature	of	–2	SDS.	Mean	change	in	height	
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Fig. 2.
Flowchart	 of	 the	 selection	 of	
patients	in	Studies	002	and	007	
including	 the	 post	 marketing	
phase.	Patients	were	randomized	
into	two	dose	groups:	34	and	33	
patients	received	GH	at	0.033	and	
0.067	mg/kg/d	for	one	yr	(Study	
002),	respectively.	After	Study	002,	
the	dose	was	escalated	to	0.067	mg/
kg/d	 in	 the	 group	 receiving	
0.033	mg/kg/d	 of	GH	 (hereafter	
abbreviated	as	the	0.033/0.067	mg	
group),	while	children	assigned	to	
the	group	that	received	0.067	mg/
kg/d	remained	on	the	same	dose	
(hereafter	 abbreviated	 as	 the	
0.067/0.067	mg	group)	(Study	007).
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SDS	from	baseline	to	NAH	was	+1.97	SDS	in	
boys,	and	+1.94	SDS	in	girls.	Height	gain	in	this	
subpopulation	was	comparable	to	the	overall	
population.

Safety
AEs	were	observed	in	58	out	of	61	patients	

(95.1%)	 during	 Study	 007.	 There	 were	 no	
differences	 between	 the	 treatment	 groups	
regarding	the	incidence	and	types	of	adverse	
events.	Since	the	last	interim	report	(6),	there	
was	no	additional	information	altering	the	safety	
profile.	The	summary	of	the	AE	is	disclosed	in	
Clinicaltrials.gov	(9).

HbA1c	(NGSP)	levels	of	the	patients	were	
stable	and	within	the	normal	range	(4.6–6.2%)	
in	both	groups	without	any	significant	changes	
(Fig.	3).	One	patient	in	the	0.033/0.067	mg	group	
had	high	HbA1c	(5.9%)	at	63	mo,	which	recovered	
to	normal	range	at	66	mo	without	decreasing	the	
GH	dose	or	administering	additional	medication.

OGTT	patterns	at	baseline	and	the	end	of	
GH	treatment	are	shown	in	Table	4.	The	shift	
in	 OGTT	 patterns	 from	 baseline	 to	 the	 end	
of	 GH	 treatment	 were	 “Normal	 to	 Normal”	
in	41	patients,	“Normal	to	Borderline”	in	10,	
“Borderline	to	Normal”	in	4	and	“Borderline	to	
Borderline”	in	5	patients.	One	patient	shifted	
from	normal	to	a	diabetic	pattern	at	36	months,	
but	recovered	to	the	normal	pattern	at	48	months	
with	the	same	dose	of	study	drug.	At	the	last	
observation	(72	mo),	the	patient’s	status	was	
borderline	pattern.

Elevated	levels	of	fasting	blood	glucose	and	
fasting	IRI	were	observed	after	the	start	of	GH	
treatment,	and	these	levels	were	maintained	
during	 the	 treatment	 (data	 not	 shown).	 No	
significant	 changes	 were	 observed	 in	 the	
insulinogenic	index	or	the	HOMA-IR.

Mean	 IGF-1	 levels	 increased	during	 the	
study	period	in	both	groups.	Mean	IGF-1	SDS	
was	high	at	24	mo	and	showed	3.329	SDS	in	

Vol.27	/	No.3

Table 1	 Clinical	characteristics

0.033/0.067	mg	group
n	=	29

0.067/0.067	mg	group
n	=	32

At	birth
Boy/girl 15/14

(29)
18/14

(32)Birth	length	(cm) 40.34	±	5.26 40.18	±	5.34
Birth	wt	(g) 1694.8	±	556.7 1757.3	±	612.0
Gestational	age	(wk) 36.4	±	3.1 36.9	±	3.2

At	start	of	GH	treatment
Chronological	age	(yr) 5.2	±	1.6 (29) 5.4	±	1.3 (32)
Bone	age	(yr) 4.55	±	1.88 (28) 4.80	±	1.62 (31)
Height	(cm) 93.97	±	9.88 (29) 95.42	±	8.32 (32)
Height	SDS –3.14	±	0.76 (29) –3.09	±	0.83 (32)
Parental-adjusted	height	SDS –2.90	±	1.13 (29) –2.68	±	1.10 (32)
Height	velocity	(cm/yr) 5.36	±	0.99 (29) 5.45	±	1.21 (32)
Height	velocity	SDS –1.87	±	1.22 (29) –1.45	±	1.60 (32)
Wt	(kg) 12.27	±	2.87 (29) 12.55	±	3.00 (32)
Wt	SDS –2.39	±	0.81 (29) –2.38	±	0.75 (32)
BMI	SDS –1.53	±	1.45 (29) –1.67	±	1.42 (32)
Serum	IGF-I	(ng/ml) 126.24	±	55.41 (29) 114.47	±	42.42 (30)
Serum	IGF-I	SDS –0.02	±	1.23 (29) –0.25	±	0.97 (30)

Mean	±	SD	(n).	Parental-adjusted	height	SDS	(PAH-SDS)	was	calculated	using	the	formula:	
PAH-SDS	=	height	SDS	–	target	height	SDS.	IGF-1	SDS	was	calculated	with	Japanese	reference	
values	of	the	serum	IGF-1	concentration	in	children	by	sex	and	age.
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the	0.033/0.067	mg	group	and	2.830	SDS	in	the	
0.067/0.067	mg	group,	and	remained	mostly	close	
to	2.0	SDS	(Fig.	4).

Consistent	with	 the	 previous	 report	 (5),	
there	was	no	new	concerns	regarding	excessive	
bone	maturation.

Discussion

We	 evaluated	 safety	 and	 efficacy	 of	GH	
treatment	for	over	10	yr	in	61	Japanese	SGA	
children,	 including	 20	 children	who	 reached	
their	NAH.	In	Study	007,	the	most	common	all-
causality	AEs	were	due	to	infection	or	allergy,	
which	were	mostly	mild	or	moderate	in	severity.	

Vol.27	/	No.3

Fig. 3.	 Change	in	HbA1c.	The	white	background	color	is	the	HbA1c	reference	range	(4.6	to	6.2).

Table 4	 Cross	table	for	OGTT	patterns	at	the	start	and	the	end	
of	GH	treatment

At	the	start	of	
treatment

At	the	end	of	treatment

Normal Borderline Diabetic Missing

Normal 41 10 0 1
Borderline 4 5 0 0
Diabetic 0 0 0 0
Missing 0 0 0 0

Total 45 15 0 1

Diabetic	is	defined	as	fasting	plasma	glucose	(FPG)	levels	of	126	mg/
dl	or	higher,	and/or	plasma	glucose	levels	of	200	mg/dl	or	higher	at	
2	h	after	glucose	load	(2	hPG),	while	the	normal	pattern	is	defined	as	
FPG	levels	of	<	110	mg/dl	and	plasma	glucose	levels	of	<	140	mg/dl	
at	2	hPG.	The	borderline	pattern	is	defined	as	between	the	diabetic	
and	normal	patterns.
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These	findings	were	consistent	with	the	previous	
reports	from	Study	002	(4)	and	the	generally	
known	safety	profile	of	GH	treatment.	No	new	
safety	concerns	related	to	long-term	treatment	
up	to	NAH	were	reported	in	our	study.	In	this	
study,	the	patients	were	administered	a	GH	dose	
of	0.067	mg/kg/d	for	a	maximum	of	approximately	
15	yr.	IGF-1	SDS	increased	early	during	GH	
treatment,	and	then	remained	constantly	close	
to	2	SDS.	We	observed	no	increase	in	mortality	
risks	 suggested	 by	 the	 SAGhE	 study	 (10);	
however,	follow-up	monitoring	of	patients	who	
have	completed	treatment	is	necessary.

An	 influence	on	glucose	metabolism	 is	a	
concern	of	GH	treatment	for	children	with	SGA	
(11).	Mild	increase	in	blood	glucose	and	insulin	
levels	 was	 observed	 during	 GH	 treatment;	
an	 increase	 in	 insulin	 secretion,	 determined	
with	OGTT,	was	also	observed.	An	increase	in	
insulin	resistance	can	be	considered	as	a	result	
of	administration	of	GH.	This	trend	observed	

is	similar	to	that	reported	by	Sas	et al.	 (11),	
and	Horikawa	et al.	(12).	In	this	study,	HbA1c	
levels	in	most	patients	were	maintained	within	
normal	range	and	no	concerns	regarding	glucose	
metabolism	were	raised	related	to	 long-term	
GH	treatment.	Considering	that	 insulin	and	
GH	compete	with	 each	 other	during	 glucose	
metabolism,	changes	in	glucose	tolerance	related	
parameters	were	considered	as	a	physiological	
response	(13).

All	patients	developed	puberty	within	the	
normal	age	range	for	Japanese	children	except	for	
one	girl	who	developed	early	puberty	at	the	age	of	
6	yr	and	2	mo,	and	who	was	therefore	diagnosed	
with	precocious	puberty	36	mo	after	the	initial	
dose	(Fig.	5).	The	median	age	at	pubertal	onset	
was	11.4	yr	in	boys	and	9.9	yr	in	girls	(Table	3),	
which	is	similar	to	the	reference	population	(14,	
15)	and	consistent	with	the	findings	of	Boonstra	
et al.	(16).

The	mean	height	SDS	at	NAH	was	–1.6	in	

July	2018

Fig. 4.	 Changes	in	IGF-I	SDS.	◊♦:	mean,	Horizontal	line	in	the	box:	median,	Box:	from	the	25th	percentile	to	
the	75th	percentile,	Vertical	line	(whisker):	the	most	remote	point	from	median,	which	is	within	1.5	
IQR	from	the	box.	+:	1.5	IQR~3	IQR	from	the	box.	*:	remote	point	over	3	IQR	from	the	box.
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boys	and	–1.6	in	girls	in	the	present	study.	The	
adult	height	reported	in	previous	controlled	trials	
for	the	SGA	population	varied.	van	Pareren	et 
al.	(17)	reported	better	results	(–0.9	±	0.8	SDS),	
while	Carel	et al.	(18)	reported	lower	values	(–2.7	
±	0.9	SDS).	Dahlgren	et al.	(19)	and	van	Dijk	et 
al.	(20)	showed	–1.2	±	0.7	SDS	(among	patients	

with	 >	 2-yr	 treatment)	 and	 –1.4	 ±	 1.0	 SDS,	
respectively.	Due	to	the	lack	of	control	group	
in	our	study,	it	is	difficult	to	directly	compare	
our	data	with	previous	studies.	However,	our	
results	showed	intermediate	values	compared	to	
four	controlled	trials	published	so	far	and	thus	
our	data	showed	a	similar	trend	with	previous	
reports.

While	our	study	has	shown	that	long-term	
GH	treatment	normalized	adult	height,	height	
SDS	at	the	onset	of	puberty	was	still	less	than	
–2	SDS	in	some	patients	implying	that	there	is	
individual	variability	in	treatment	response,	as	
reported	previously	(21).	The	mean	height	gain	
during	puberty	in	healthy	short	children	(22)	
was	27.1	cm	in	boys,	whereas	it	was	22.2	cm	
in	our	NAH	population.	In	girls,	we	observed	
higher	height	gain	(20.6	cm	in	NAH	population	
and	17.7	 cm	 in	healthy	 short	 children)	 than	
boys	although	we	should	consider	that	one	girl	
developed	early	puberty	and	showed	remarkable	
height	gain	(30.0	cm).	High-dose	GH	treatment	
is	reported	to	accelerate	bone	age	in	patients	
with	idiopathic	short	stature	(23)	and	the	same	
tendency	was	observed	in	our	study	(data	not	
shown).	This	may	result	in	small	pubertal	height	
gain	and	unsatisfactory	adult	height	observed	
in	some	patients.

There	 is	 a	 possible	 bias	 that	 could	 be	
considered	 as	 a	 limitation	 in	 the	NAH	SDS	
evaluation.	Ten	patients,	who	reached	a	height	
SDS	of	0,	terminated	the	study	before	reaching	
NAH.	 The	 10	 patients	were	 not	 included	 in	
the	NAH	population	in	the	present	study.	In	
addition,	we	should	carefully	 interpret	NAH	
SDS	as	adult	height	SDS	because	NAH	SDS	was	
calculated	using	standard	height	at	chronological	
age	when	each	patient	reached	NAH,	was	not	
used the standard height at adult age and thus 
we	may	have	overestimated	the	NAH	SDS.	If	
adult	height	SDS	is	estimated	from	the	observed	
NAH	with	the	standard	height	at	the	age	of	17.5	
yr	for	Japanese	boys	and	girls	(24),	assuming	the	
observed	NAH	equals	adult	height,	mean	adult	
height	SDS	in	boys	and	in	girls	is	–2.01	SDS	and	

Vol.27	/	No.3

Fig. 5.	 Relationship	 between	 age	 and	 height	 at	
pubertal	onset.	Scattering	chart	of	age	and	
height	at	the	onset	of	puberty	among	the	
subjects	(boys:	22	subjects,	girls:	19	subjects)	
who	reached	to	puberty	during	GH	treatment.	
Pubertal	onset	was	evaluated	every	3	months	
before	approval	and	every	6	months	during	
post	marketing	phase.	-------:	±	1,	±	2,	–2.5,	
–3	SD	of	standard	growth	curve	for	Japanese	
children,	●:	baseline	height	SDS	<	–2.5	SD,	
○:	–2.0	SD	>	baseline	height	SDS	≥	–2.5	SD.
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–2.19	SDS	respectively,	and	the	mean	increases	
in	height	SDS	from	the	baseline	to	adult	height	
are	1.42	SDS	and	1.24	SDS,	respectively.	Based	
on	these	estimates,	these	increases	in	height	SDS	
are	smaller	than	those	of	severe	GH	deficiency	
(GHD)	 (2.13	SDS	and	1.66	SDS	 in	boys	and	
girls,	respectively)	children,	but	greater	than	
those	of	mild	GHD	(1.12	SDS	and	1.04	SDS)	
and	moderate	GHD	(1.22	SDS	and	0.94	SDS)	
children	in	the	Kabi	International	Growth	Study	
(KIGS)	Japan	database	(25).	Thus,	the	present	
results	are	comparable	to	the	existing	reports	
on	Japanese	GHD	patients.

Conclusion

Long-term	GH	treatment	with	the	dose	of	
0.067	mg/kg/d	was	well	tolerated	in	SGA	patients	
without	 new	 safety	 concerns	 and	 efficacy	 in	
normalizing	adult	height	were	observed.
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