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Abstract The weekly sustained-release recombinant

human GH formulation LB03002, showed beneficial

effects in GH-deficient (GHD) adults in a previous

26-week double-blind study. Prior studies of long-acting

GH preparations in adults have only been conducted for 6

or 8 months, so the effects of longer-term use are

unknown; this is important to address, as replacement is

given for many years in GHD adults. This open-label,

26-week study extension evaluated longer-term safety and

efficacy of LB03002 over 52 weeks in adults with GHD

who had previously been randomized to GH, and provides

additional safety and efficacy data over 26 weeks in the

cohort who had previously been randomized to placebo. Of

147 adults with GHD who completed a preceding study,

136 patients continued in this open-label study to receive

LB03002 over an additional 26 weeks. This represented a

continuation of long-acting GH for 26 weeks in the cohort

who took this medication in the prior study (LB03002

Throughout group), and describes the first use of long-

acting GH in the cohort that was randomized to placebo in

the prior study (Switched to LB03002 group). The

LB03002 dose was adjusted according to serum insulin-

like growth factor-I (IGF-I) levels. LB03002 treatment

demonstrated mean significant decreases from baseline in

fat mass (FM) for both 26 (Switched group, P = 0.001)

and 52 weeks (Throughout group, P = 0.002) of 1.11

(1.95) kg and 1.06 (3.16) kg, respectively. Prolonged GH

treatment was effective in sustaining the increase in lean

body mass (LBM), serum IGF-I and IGFBP-3 levels

achieved during the first 26 weeks. Long-term treatment

with the sustained-release weekly GH preparation over

both 26 and 52 weeks in adults with GHD demonstrated a

sustained reduction of FM with a favorable safety profile.

This study extends prior knowledge about long-acting GH

because it reports the most prolonged treatment of adults

with any long-acting GH preparation, thereby confirming

the value and safety of such agents for long-term GH

replacement.
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Introduction

Growth Hormone (GH) formulations with different sus-

tained-release mechanisms have been developed and tested

in growing children [1, 2] and in adults [3, 4] with GH

deficiency (GHD), although none has yet been approved

for treatment of adult GHD. The longest reported duration

of treatment with a long-acting GH preparation in adults

has been only 6–8 months [3, 4]. A previous double-blind,

placebo-controlled study with LB03002 over 26 weeks [5]

demonstrated that adults with GHD can be effectively

treated with GH replacement using a sustained-release

formulation given once weekly. This open-label extension

study was performed for an additional 26 weeks to obtain

longer-term safety and efficacy data in those patients who

voluntarily participated upon completion of double-blind

study.

In this open-label study, the primary objective was to

evaluate the long-term (1 year) safety of LB03002 in adults

with GHD who were treated with this compound in the

preceding double-blind study and then continued on

LB03002 for an additional 26 weeks, providing informa-

tion on a total of 1 year of treatment (the LB03002

‘‘Throughout’’ group). In addition, the effect of LB03002

on pharmacodynamics (PD) parameters including IGF-I

and IGFBP-3 and the various anthropometric parameters

including FM, LBM, trunk fat, percentage trunk fat and

percentage body fat between 6 and 12 months was inves-

tigated. Safety of LB03002 was assessed at 1 year from

adverse events, injection site reactions, glucose homeo-

stasis, and antibody development. Efficacy parameters,

including FM, LBM, IGF-I, IGFBP-3 and IGF-I SDS, were

also analyzed in patients who had been randomized to

placebo during the preceding double-blind study, and were

receiving LB03002 for 26 weeks for the first time in this

extension study (the ‘‘Switched’’ to LB03002 group).

Patients and methods

Study design and patients

This was a 26-week open-label, multicenter study evalu-

ating treatment with a sustained-release GH formulation in

adult patients with confirmed GHD who had previously

been enrolled in a 26-week placebo-controlled, double-

blind study conducted in Europe and the US (Fig. 1) [5].

The study was carried out according to Good Clinical

Practice guidelines and the Declaration of Helsinki, and

with appropriate ethical approvals. A total of 147 adult

GH-deficient patients had completed the 26 weeks of the

preceding double-blind study. Of these, 136 adult patients

signed written informed consent to continue participation

in this open-label study to receive LB03002 for a further

26 weeks, including 43 who had received placebo during

the preceding double-blind study. None of the 136 patients

had developed an active malignancy or tumour growth or

benign intracranial hypertension during the preceding

26 weeks study, which would have led to exclusion of such

a patient in this extension phase. Eleven patients chose not

to participate in this open-label study. The last visit of the

double-blind study was considered as the Visit 0 for the

open-label study. Patient visits were scheduled 4 ± 1 days

after the drug administration.

Study drug administration and dose selection

The test product was supplied in powder form which, after

reconstitution with medium chain triglyceride (MCT),

produced a GH concentration of 10 mg/ml. The homoge-

nous suspension was self administered subcutaneously by

all patients using a 26-gauge needle. In this open-label

study, all patients received the active medication

(LB03002) for 26 weeks. To protect the blinding from the

preceding study, all patients received transitional LB03002

doses between 1.0 and 3.0 mg per week for the first

3 weeks. This transient low-dose treatment for both groups

was expected to result in IGF-I levels not significantly

different between the two groups, preventing patient

assignment to their previously blinded regimen in the

preceding study from being revealed to the investigators,

the patients or the study team. Thereafter, the dose of

LB03002 was adjusted, if necessary, according to serum

IGF-I levels measured during the scheduled visits. The

dose of LB03002 was increased, maintained or decreased

to achieve a target serum IGF-I concentration in a range

Open-label study
(with separate protocol)

Randomized, double-blind, 
placebo-controlled 26-week study

Screening
Period

Randomization
2:1

Treatment

(26 weeks)

Patients 
Screened

Transition 
Period

Treatment 
(26 weeks)

LB03002

Placebo

Dose 
Adjustment

LB03002

Dose 
Adjustment

Fig. 1 Study design for treatment of adult patients with GH

deficiency with the sustained-release formulation, LB03002; patients

in the open-label study were treated with LB03002 either Throughout

for 52 weeks or for 26 weeks after being Switched from placebo for

26 weeks
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between -0.5 and ?1.5 standard deviation score (SDS) at

4 ± 1 days post-dosing, and with a minimum of ?1 SDS

increase from the baseline IGF-I SDS (prior to GH

administration).

At each dose adjustment, the dose increment was 1.5 mg

for female patients receiving oral estrogen or 1.0 mg for all

other patients, and any dose decrement was 0.5 mg for all

patients. The GH does was decreased if IGF-I SDS

exceeded ?2. The maximum dose per protocol was 7 mg/

week, except for females taking oral estrogen who could

potentially receive up to 10.5 mg/week. Individual study

investigators adjusted the dose of LB03002 according to

the IGF-I level at each regularly scheduled visit during the

dose adjustment period. However, dose reductions or

treatment interruptions could also be carried out at any

time during the study, according to the clinical judgment of

the investigator, based on side effects and/or abnormal

laboratory findings including fasting glucose, insulin, and

glycosylated hemoglobin (HbA1c) concentrations.

Replacement of other pituitary hormones

Throughout the study, temporary adjustment of glucocor-

ticoid replacement therapy for adrenal insufficiency

symptoms was allowed, as appropriate. Replacement

therapy for other pituitary hormone insufficiencies was

required to be adequate and stable throughout the study.

For patients receiving estrogen therapy, the administration

route was to remain the same throughout the study.

Efficacy assessments

For the group receiving the sustained-release GH for

52 weeks (‘‘Throughout’’ group), baseline was defined as

the Screening visit of the preceding double-blind study, and

for the patients switched from placebo to LB03002

(‘‘Switched’’ group), baseline was defined as the value at

the Visit 0 of the open-label study, which was also the last

visit of the double-blind study. At weeks 0 and 26 of this

open-label study, fat mass (FM), lean body mass (LBM),

percentage body fat, trunk fat, and percentage trunk fat

were measured by dual-energy x-ray absorptiometry

(DXA) at each investigational site, with quality control by

means of phantom scans, and evaluated centrally (DXA

Resource Group, Westborough, MA).

Serum concentrations of IGF-I and IGFBP-3 were

determined at a central laboratory (Medizinische Klinik

Innenstadt, Munich, Germany) using DPC Biermann Im-

mulite chemiluminescence assays. All IGF-I and IGFBP-3

concentrations and SDS results were sent to the investi-

gator immediately after completion of analysis to allow

dose adjustments.

Safety assessments

Safety was evaluated from adverse events, glucose

homeostasis, thyroid hormone status, and screening for

antibodies against GH and Saccharomyces cerevisiae at

Screening, inclusion visits and endpoint visits. Glucose

homeostasis was assessed from concentrations of fasting

glucose, fasting insulin, and HbA1c; fasting glucose and

insulin were assessed at each scheduled visit 4 ± 1 days

after GH administration. Thyroid function was assessed by

measurement of free triiodothyronine (T3), free thyroxine

(T4), and thyroid stimulating hormone (TSH) concentra-

tions. Anti-hGH antibodies were quantified by a radio-

precipitation assay, however neither blocking or neutralizing

capacity was assessed. Because the GH protein used in the

administered product, LB03002, was derived from S. cere-

visiae, anti-yeast antibodies were determined by a solid-

phase enzyme immunoassay system. Local tolerability to the

study drug was assessed by both the investigators and the

patients as injection site reactions.

Statistical analysis

In accordance with the open-label study design, no con-

firmatory treatment comparisons were planned. The focus

was on assessing safety and efficacy over a continuous year

of treatment within the group of patients randomized to

LB03002 from the Screening of the previously-reported

double-blind study. Separately, safety and efficacy were

evaluated in an additional cohort of patients taking

LB03002 for the first time, namely, the group of patients

switched from placebo at the end of the double-blind study

to GH replacement with LB03002. Continuous data were

assessed by summary statistics, with values shown as

mean ± standard deviation (SD), and categorical data

summarized as counts and percentages. Only paired t tests

for within-group changes were analyzed.

Results

A total of 136 patients were evaluated; 93 of them were

patients who had been on LB03002 treatment Throughout

(i.e. during the preceding double-blind study as well as the

open-label phase, for a total of 52 weeks). The remaining

43 patients had been on placebo in the initial study, and

were switched to LB03002 treatment during the optional

open-label phase, for a total of 26 weeks of GH replace-

ment. Of the 136 total patients, 129 completed the open-

label study, 89 in the Throughout group and 40 in the

Switched group. As shown in Table 1, there were no evi-

dent differences between the two treatment groups in dis-

tribution of baseline demographic characteristics as well as
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clinical diagnoses. Overall, there were more patients with

AO GHD (72.1 %) than CO GHD (27.9 %), and 56.6 % of

the patients were male.

The average ± SD weekly dose of LB03002 over the

26 weeks of this open-label study was 3.45 ± 1.26 mg

(range 1.0–6.9 mg) in the Throughout group, and

3.38 ± 1.16 mg (range 1.3–5.9 mg) in the Switched

group.

Treatment with LB03002 for both 52 and 26 weeks was

effective in producing notable increases in serum IGF-I

levels and in IGFBP-3 levels. These increases were indic-

ative of a change from Baseline within each treatment

group, overall and for all subgroups (P \ 0.05). Compar-

ison of the placebo patients in the double-blind study

against when they were switched to LB03002 in the open-

label study, showed changes in IGF-I, IGFBP-3, and IGF-I

SDS between the two study phases with P \ 0.001.

Patients in the Switched group had a mean increase in

IGF-I in the placebo phase of 0.29 ng/mL (26.50) com-

pared to a mean increase of 101.60 ng/mL (72.35) in this

open-label study. Switched patients had a mean decrease of

1.35 (5.65) in IGF-I SDS during the placebo phase, com-

pared to a mean increase of 4.62 (5.14) once they were

stable on long-acting GH replacement. (Fig. 2)

Changes in DXA body composition are presented in

Table 2. Baseline, GH-untreated, mean FM values for the

Throughout (Screening of double-blind study) and the

Switched groups (Visit 0 of open-label study) were com-

parable: 27.8 ± 8.8 kg and 27.4 ± 10.9 kg. While no

significant change in FM had been seen in the placebo

group during the double-blind study (0.37 ± 2.25 kg),

when Switched to LB03002 these patients experienced a

change in FM of -1.11 ± 1.95 kg (P = 0.005) over the

26-week open-label period, comparable to the decrease

from baseline of 1.06 ± 3.15 kg (P = 0.002) seen in the

Throughout group during the total period of 52 weeks of

administration. There was no further FM decrease in the

Throughout group during their second 26 week of GH

therapy (Table 2). The changes in trunk fat during the same

periods of LB03002 administration were -0.99 ± 1.80 kg

(P \ 0.001) in the Throughout group and -0.91 ± 1.20 kg

(P \ 0.001) in the Switched group.

Baseline mean LBM values prior to GH replacement in

the Throughout group were higher than those in the

Switched group (49.32 ± 13.50 vs. 47.16 ± 11.98 kg;

P \ 0.001). While no significant change in LBM had

occurred during the double-blind study in the placebo

group (0.87 ± 2.26 kg), after the Switch to LB03002, an

increase of 1.64 ± 1.88 kg (P \ 0.001) was seen in these

patients. For patients in the Throughout group, the total

gain in LBM after 52 weeks was 2.22 ± 2.90 kg

(P \ 0.001).

Table 1 Baseline demographic

data of patients treated with the

sustained-release GH

formulation, LB03002, by

treatment group

a Included cases of Sheehan

syndrome, sarcoidosis, trauma,

empty sella, hypothalamic

tumors, and other less frequent

causes of GH deficiency

LB03002

Throughout

(N = 93)

Switched to

LB03002

(N = 43)

Overall

(N = 136)

Age (years)

Mean ± SD 46.9 ± 12.9 41.5 ± 14.3 45.2 ± 13.5

Sex [n (%)]

Male 52 (55.9) 25 (58.1) 77 (56.6)

Female 41 (44.1) 18 (41.9) 59 (43.4)

Onset of GHD [n (%)]

Adult 67 (72.0) 31 (72.1) 98 (72.1)

Child 26 (28.0) 12 (27.9) 38 (27.9)

Causes of GHD

Non secreting pituitary adenoma 30.0 ± 32.3 13.0 ± 30.2 43.0 ± 31.6

Secreting pituitary adenoma 17.0 ± 18.3 7.0 ± 16.3 24.0 ± 17.6

Idiopathic 15.0 ± 16.1 7.0 ± 16.3 22.0 ± 16.2

Craniopharyngioma 15.0 ± 16.1 6.0 ± 14.0 21.0 ± 15.4

Othera 16.0 ± 17.2 10.0 ± 23.2 26.0 ± 19.2

Body mass index (kg/m2)

Mean ± SD 28.56 ± 5.74 27.76 ± 5.80 28.31 ± 5.75

Waist circumference (cm)

Mean ± SD 96.2 ± 13.6 93.2 ± 12.6 95.3 ± 13.3

Waist to Hip ratio

Mean ± SD 0.93 ± 0.08 0.91 ± 0.09 0.93 ± 0.08
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Safety

Adverse events

Of the 136 patients who entered the study extension, 129

(94.8 %) completed 26 weeks of LB03002 treatment.

Discontinuation was due to adverse events for one patient

in the Throughout group (asthenia) and two patients in the

Switched group (peripheral edema and dysgeusia). Four

patients discontinued due to withdrawal of informed con-

sent. No patient died and there were no reports of an

adverse event related to tumor or cancer during this open-

label study. Overall, 62 patients (66.0 %) in the Through-

out group experienced 225 events and 27 patients (64.3 %)

in the Switched group experienced 135 events. The most

frequently reported treatment-emergent adverse events in

the Throughout and Switched groups were: nasopharyngitis

10.6 and 14.3 %, respectively, arthralgia 7.4 and 7.1 %,

peripheral edema 5.3 and 16.7 %, and headache 3.2 and

21.4 %.

Injection site reactions

Injection site reactions were reported in 19.1 % of the

Throughout group and in 28.6 % of the Switched group.

Local injection site reactions were neither treatment nor

dose limiting and were similar between the Throughout and

Switched groups in terms of frequency and severity, pri-

marily classified as mild to moderate in severity. The

majority of patients subjectively assessed discomfort at

injection site as none (70.2 % in the Throughout group and

66.7 % in the Switched group). Overall, injection of study

medication was relatively well tolerated by the patients as

assessed by the investigators and patients themselves.

Glucose homeostasis

There were no statistically significant changes from base-

line to endpoint in mean fasting glucose, fasting insulin or

HbA1c concentrations in either the Throughout group or

the Switched group. Diabetes mellitus (defined as fasting

glucose [ 126 mg/dL) was reported for 3 patients (3.2 %)

in the Throughout group and 2 patients (4.8 %) in the

Switched group based on the lab result that met the defi-

nition of diabetes as stated above. Of the 3 patients in the

Throughout group with treatment-emergent diabetes mel-

litus, 2 had onset during the double-blind study and 1 had

onset during this open-label study [5, 6]. Impaired fast-

ing glucose (defined as fasting glucose [100 mg/dl

[[5.6 mmol/l]) occurred in 32 patients (34.0 %) in the

Throughout and 10 (23.8 %) in the Switched group,

although nearly 40 % of these patients only had a single

elevated value and did not have documentation of persis-

tent impaired fasting glucose level. However, in patients

with impaired fasting glucose level, disturbance of glucose

homeostasis was present prior to LB03002 treatment, and 8

(25.8 %) patients in the Switched group experienced

improvement of fasting glucose level while receiving

(A) (B)

Fig. 2 IGF-I SDS and IGFBP-3 SDS during treatment with

a Switched group (n = 43) given LB03002 once weekly for 26

weeks or b Throughout group 12 months (n = 93); points show

individual patients at each time for males, females on oral estrogen

and females without oral estrogen
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LB03002 during the open-label study. Any abnormalities

in glucose homeostasis were easily manageable and did not

lead to the need for any dose modification.

Antibody assessments

In the Throughout group, 3 out of 4 patients who tested

positive for antibodies against hGH during the double-blind

phase were still positive at the end of this open-label study.

No patients in the Switched group developed antibodies

against hGH. In the Throughout group, 2 patients were

positive for antibodies to S. cerevisiae at both baseline and

end of study. In the Switched group, no patients were

positive for S. cerevisiae antibodies either at baseline or at

the end of the study. No differences in efficacy and safety

were noted for patients with positive antibody tests to hGH

or to S. cerevisiae when compared with the remainder of

the cohort.

Discussion

We examined the long-term use of a new sustained-release

GH formulation, LB03002, demonstrating a favorable

safety profile and sustained body composition changes over

52 weeks of treatment. In the initial double-blind, placebo-

controlled study, we had previously shown that with

LB03002 administration once per week, IGF-I concentra-

tions normalized with the dosing algorithm used [5] and

that 26 weeks of treatment was effective and safe. This

report extends prior knowledge about long-acting GH

because it represents the most prolonged treatment of

adults with any long-acting GH preparation, thereby con-

firming the value and safety of such agents for GH

replacement. In addition, efficacy and safety were estab-

lished in an additional cohort of patients treated for

26 weeks (the Switched from Placebo group), thereby

expanding the number of adults who have experienced a

favorable outcome with a long-acting GH preparation.

The beneficial changes in body composition, including

total FM, percentage trunk fat and LBM seen with

LB03002 in the Throughout group during the double-blind

study were maintained over the 26-week additional period

and remained statistically significant at the 52-week end-

point. The Switched group, who received LB03002 for the

first time in this extension study, also experienced a sig-

nificant decrease in fat mass, further confirming the effi-

cacy of this compound over 26 weeks in another cohort of

adult patients.

In this open-label uncontrolled study representing the

longest duration of treatment of any long-acting GH

compound, the safety of 1 year of sustained-release rhGH

was demonstrated. There were no unexpected safety con-

cerns with 52 weeks of LB03002 administration, and there

were no deaths, tumors or malignancies reported during the

study. In the Throughout group, the overall incidence of

AEs was similar between the open-label study and double-

blind study. The number of patients who discontinued due

to an AE (one patient [1.1 %] in the Throughout group and

two patients [4.8 %] in the Switched group) was also low.

Potential safety concerns of GH treatment are related to

fluid retention, glucose metabolism and interaction with

other hormones. The incidence of AEs related to these did

Table 2 Changes from baseline to endpoint in body composition

measures of FM, LBM and trunk fat measured by DXA during

treatment with LB03002 over 52 weeks

LB03002

Throughout

Switched to

LB03002

FM (kg)

Double-blind study LB03002 Placebo

N 93 43

Screening 27.83 ± 8.87 27.05 ± 10.34

Week 26 26.76 ± 9.07 27.43 ± 10.95

Open-label study LB03002 LB03002

N 88 39

Week 52 26.46 ± 9.07 24.55 ± 10.42

Change to Week 52a -1.06 ± 3.15 -1.11 ± 1.95

P valueb 0.002 0.001

LBM (kg)

Double-blind study LB03002 Placebo

N 93 43

Screening 49.32 ± 13.50 46.62 ± 12.89

Week 26 51.26 ± 13.41 47.48 ± 13.03

Open-label study LB03002 LB03002

N 88 39

Week 52 51.17 ± 13.10 48.93 ± 12.14

Change to week 52a 2.22 ± 2.90 1.64 ± 1.88

P valueb \0.001 \0.001

Trunk fat (kg)

Double-blind study LB03002 Placebo

N 93 43

Screening 15.30 ± 5.24 14.31 ± 5.45

Week 26 14.20 ± 5.14 14.16 ± 5.51

Open-label study LB03002 LB03002

N 88 39

Week 52 14.27 ± 5.37 12.85 ± 5.73

Change to week 52a -0.99 ± 1.80 -0.91 ± 1.21

P valueb \0.001 \0.001

Values are mean ± SD
a LB03002 Throughout—changes from Screening (12-month data);

Switched to LB03002—change from week 26 (6-month data)
b P value for the within-group change using the paired t test
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not increase with longer-term use between 26 and 52

weeks.

Most injection site reactions were mild or moderate in

severity. A higher percentage of patients experienced

injection site reactions in the Switched group than the

Throughout group. More patients in the Throughout group

experienced injection site reactions during the double-blind

study compared to the open-label extension study. These

two findings suggest that patients develop tolerance to

injection site reactions with continued administration of

LB03002.

The percentage of patients with at least one treatment-

emergent adverse event was similar in the Throughout

group (66.0 %) and in the Switched group (64.3 %), and

the rate of TEAEs in the Switched group was similar to

what the Throughout group had experienced in their first

26 weeks treatment with LB03002 [5]. Thus, long-term

treatment with LB03002 for 52 weeks showed a good

safety profile and was well tolerated in adult patients with

GHD, consistent with daily GH studies [7, 8].

The effect of sustained-release GH administration on

glucose control was carefully monitored. The number of

patients with glucose homeostasis dysfunction was similar

to that observed in the double-blind study. Overall, the rate

of diabetes mellitus reported in the Throughout and the

Switched groups were similar to rates reported in two other

daily GH treatment studies in adults [4, 9]. Interestingly,

several patients had laboratory results indicating improve-

ment or resolution of their previous insulin resistance with

continued or new exposure to GH. The prolonged glycemic

safety profile after LB03002 treatment did not indicate any

additional risk, and was in line with the daily injection

study using the same GH molecule [10].

Anti-GH antibodies persisted in 3 patients in the

Throughout group, and were not detected in any Switched

patients. The rate of 3 % in the first group was comparable

to that seen in the double-blind study [5] and also consis-

tent with other daily injectable somatropin preparations

[10, 11]. The GH protein of LB03002 is produced in yeast,

and the genetic modification of the yeast cells and the

purification of the GH molecule may produce a spectrum of

proteins different from that of naturally occurring S. ce-

revisiae antigens. Positive antibody titers were observed in

patients at both baseline and during treatment, suggesting

that these findings were not specific for the LB03002

derived proteins [12, 13].

In conclusion, GH replacement in adult patients with

GHD can be successfully carried out using a sustained-

release formulation given once-weekly over a prolonged

period of 52 weeks. The once-weekly formulation,

LB03002, showed significant and sustained effects at a

relatively low dose over 52-week treatment when com-

pared to 26-week treatment in the double-blind study [5],

and demonstrated a reassuring safety profile. In the Swit-

ched group, GH treatment for 26 weeks demonstrated

similar results to the first 26 weeks of the double-blind

study in the Throughout group patients, confirming the

benefit of long-acting GH in an additional cohort of adult

patients. This study extends prior knowledge about long-

acting GH by reporting the most prolonged treatment of

adults with any long-acting GH preparation, thereby con-

firming the value and safety of such compounds.
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