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Abstract

Growth hormone (GH) replacement therapy is used to treat GH deficiency. Treatment requires daily administration because of the short
plasma ¢, of GH. Albutropin, human GH fused at its N-terminus with human serum albumin, should be cleared from the circulation
more slowly than GH. Pharmacokinetic and pharmacodynamic studies of albutropin were conducted in rats and monkeys. After
subcutaneous (s.c.) dosing in rats, a twofold decrease in clearance and a fourfold increase in plasma half-life were seen with albutropin
compared to GH. In monkeys, s.c. administered albutropin (0.3 mg/kg) had a sixfold longer terminal half-life and an eightfold slower
clearance than GH (0.3 mg/kg). A single subcutaneous administration of albutropin (0.3, 1.5 and 4 mg/kg) increased plasma insulin-like
growth factor 1 (IGF-1) levels for up to 7 days. Seven consecutive daily s.c. injections of GH at 0.3 mg/kg resulted in an increase in IGF-
1 equivalent to that induced by a single administration of albutropin at 4 mg/kg. Albutropin (1-20 ng/kg) dosed daily, every other day or
every 4 days significantly increased cumulative body weight gain and tibial epiphyseal growth plate width in hypophysectomized rats
compared to equimolar doses of GH. These results suggest that albutropin could be given less frequently than GH and achieve therapeutic

effects in patients.
© 2002 Published by Elsevier Science B.V.
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1. Introduction

Human growth hormone (GH) is a 191-amino-acid
pituitary protein that stimulates the production and release
of insulin-like growth factor-1 (IGF-1) into the systemic
circulation. IGF-1 is instrumental in the promotion of linear
growth in children, and in the control of metabolism in
adults. It is regulated through complex feedback mecha-
nisms involving GH, insulin-like growth factor-1 binding
protein 3 (IGF-BP3) and their complexes. A deficiency of
GH results in inadequate circulating IGF-1 levels and is
manifested as abnormal linear growth in children. In adults,
this deficiency results in decreased lean body mass, reduc-
tions in exercise tolerance, muscle mass/strength, cardiac
performance, bone density and neuropsychological distur-
bances (Baskin et al., 1998).
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Currently, GH supplementation is approved for the treat-
ment of adult and pediatric GH deficiency, adult acquired
immune deficiency syndrome (AIDS)-associated wasting,
Turner syndrome and chronic renal insufficiency. Clinical
investigations exploring GH as a treatment for idiopathic
short stature, constitutional delay of growth and develop-
ment, children who are small for gestational age, skeletal
dysplasias and other diseases are ongoing (Baskin et al.,
1998; Vance and Mauras, 1999).

The majority of the GH preparations currently available
require daily administration; hence, compliance can be a
problem, especially in adolescents. In adult GH deficiency,
daily administration and concomitant side effects (e.g.
injection site discomfort, transient edema and arthralgia)
limit the therapeutic utility of existing formulations. A
long-acting form of GH has the potential to reduce
discomfort by requiring fewer injections and possibly by
minimizing the adverse events associated with peaks and
troughs in plasma concentration that occur with daily
injection.
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Two strategies to create a long-acting form have been
explored. The first approach is to modify the formulation
of the GH to allow the product to be slowly released from
the injection site over a period of time. This sustained
release form requires fewer injections; however, the active
agent is not changed, so the elimination of GH remains
unchanged and the dose of GH must be increased to cover
the longer dosing interval. One sustained release form of
GH has been approved for use in GH-deficient children.
Marketed as Nutropin Depot®, it is GH encapsulated in
poly(lactide-coglycolide) microspheres. Twice monthly
administration is recommended and the drug needs to be
administered in multiple injection sites if the patient
exceeds 30 kg (Physicians Desk Reference, 2002). A 2-
year trial in GH-deficient children has shown that growth
rates are significantly (p<0.001) lower in children given
Nutropin Depot® than in children given daily GH (Silver-
man et al., 2002). Nutropin Depot® is not currently
approved for use in adults.

The second approach is to modify the GH molecule
itself, so that the active drug is cleared more slowly from the
systemic circulation. This would improve utility and com-
pliance by requiring less frequent administration, but would
not require injection of the large mass of drug required for a
sustained release formulation. By avoiding the peaks and
troughs of daily GH administration, it is also possible that a
long-acting GH would have an improved side effect profile
compared to the current formulations requiring daily sub-
cutaneous (s.c.) injections.

A fusion protein therapeutic, albutropin, derived from
the joining of human serum albumin and human GH genes
has been developed. The recombinant fusion product is
produced in Saccharomyces cerevisiae. By fusing GH to
human serum albumin, which is cleared slowly from the
plasma (elimination ¢, of 19 days; Peters, 1996), albu-
tropin may achieve a comparable or improved pharmaco-
logic profile of GH with decreased dosing frequency.
Although such a long-acting GH product whose plasma
levels are sustained may not mimic physiologic GH
release, there is functional evidence from both GH-defi-
cient rats (Gargosky et al., 1994) and in human studies
(Laursen et al., 1994, 2000) that intermittent and contin-
uous administration of GH result in equivalent formation
of the IGF-1/IGF-1BP3/acid labile subunit ternary com-
plex, which regulates the concentration of free IGF-1. In
adults, continuous administration of GH for 6 months
resulted in changes in the IGF—IGFBP3 axis that were
comparable to daily administration. Insulin sensitivity and
lipoprotein analysis indicated that continuous and inter-
mittent GH exposure had similar safety profiles (Laursen
et al., 2001). Additionally, the approved sustained release
formulation of GH does promote growth in GH-deficient
children (Reiter et al., 2001; Silverman et al., 2002).

This paper describes preclinical pharmacokinetic and
pharmacodynamic profiles of albutropin in rat and monkey
studies. Pharmacokinetic measurements were taken to

evaluate the pharmacokinetic profile of albutropin and
GH following single i.v. or s.c. doses in cynomolgus
monkeys and rats. The pharmacodynamic studies were
conducted to compare the effects of a single administra-
tion of albutropin with seven consecutive daily injections
of GH on IGF-1 induction in cynomolgus monkeys. In
rats, the growth-promoting effects of intermittent injections
of albutropin were compared to daily GH injections in
young, hypophysectomized rats. The results from these
studies provide a foundation for the use of intermittent
dosing of albutropin for the treatment of GH-deficient
children and adults.

2. Methods and materials
2.1. Preparation and purification of albutropin

Albutropin fusion protein (molecular weight approxi-
mately 89 kDa) was produced as a recombinant protein
composed of recombinant human serum albumin genetically
fused at its C-terminus to the N-terminus of recombinant
GH. The yeast strain used for the production of albutropin
(strain BXP10) was a genetically modified form of the yeast
S. cerevisiae laboratory strain AH22 that has been optimized
for the production of recombinant human serum albumin
with minimal post-transcriptional modification. Albutropin
was produced using the modified yeast strain in a fermenter.
The supernatants from multiple fermentations were pooled
and purified. The composition of the final purified albutro-
pin product was verified by N-terminal sequencing and
ELISA. Levels of bioburden, endotoxin and residual yeast
DNA were within limits considered acceptable for admin-
istration to humans.

For pharmacokinetic studies in rats, recombinant human
GH was obtained from National Institute of Biological
Standards and Controls (NIBSC) at an initial concentration
of 1.95 mg/ml. It was diluted with phosphate-buffered
saline to 200 pg/ml for the s.c. and to 40 pg/ml for the i.v.
studies. For the pharmacodynamic studies, lyophilized
recombinant GH (2.6 TU/mg) was obtained from Accurate
Chemical and Scientific Corp. Albutropin was initially
prepared as a 1.0 mg/ml solution in phosphate-buffered
saline and used undiluted for s.c. dosing. It was diluted to
a final stock concentration of 0.2 mg/ml for i.v. dosing.
Recombinant human serum albumin (Sigma) was prepared
at a final concentration of 0.2 mg/ml. For the rat pharma-
codynamic studies, all s.c. test solutions were given at a
volume of 0.1 ml/rat.

For monkey pharmacokinetic/IGF-1 studies, recombi-
nant human growth hormone (GH, Genotropin®) was
purchased from Pharmacia (Lot No. 36028A51, 3 IU/
mg). Stock solutions of GH were prepared using the
supplied diluent and stored refrigerated for the 7-day
duration of the dosing period. Albutropin was supplied
as a 3.8 mg/ml solution and was administered at concen-
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Table 1
Experimental design of rat pharmacokinetic study

Drug Dose Route, PK sampling schedule
(nglkg) N
Group 1 800 s.c., 4 2,5,8,12,24 and 30 h
albutropin
Group 2 100 iv., 8 15, 60, 90 min,
albutropin 2,3,5,12and 24 h
Group 3 GH 100 s.c., 3 20 min, 1,2, 3,4, 6 and 8 h
Group 4 GH 20 iv, 3 20 min, 1,2, 3,4,6 and 8 h

trations between 0.6 and 3.8 mg/ml to achieve the doses
of 0.3, 1.5 and 4.0 mg/kg.

2.2. Pharmacokinetic and pharmacodynamic studies in
Sprague—Dawley rats and cynomolgus monkeys

2.2.1. Pharmacokinetic studies

Single-dose pharmacokinetic studies were conducted in
Sprague—Dawley rats and cynomolgus monkeys. Pharma-
codynamic studies were conducted using multiple-dose
schedules in rats and a single-dose schedule in monkeys.
All animal experimentation was conducted in accordance
with the Animal Welfare Act, the Guide for the Care and
Use of Laboratory Animals, and under the supervision and
approval of the Institutional Animal Care and Use Commit-
tees of Human Genome Sciences, Covance Laboratories,
and Hilltop Lab Animals. Rats were housed either individ-

ually or two per cage in rooms with a 12-h light/dark cycle.
Access to water (municipal supply) and noncertified rodent
chow was provided ad libitum. Monkey studies were con-
ducted in accordance with Covance Standard Operating
Procedures and with generally recognized good scientific
practices. Monkeys were individually housed with environ-
mental controls for the animal room set to maintain a
temperature of 18—29 °C and a 12-h light/dark cycle.
Noncertified primate diet was provided ad libitum. Certified
primate treats, fruit or other appropriate treats were pro-
vided. Tap water was available to the monkeys from a well
supply ad libitum.

To compare the pharmacokinetics of albutropin and GH
in rats, four groups of Sprague—Dawley rats (270-290 g),
three to eight female rats per group, were obtained with
surgically implanted indwelling jugular vein and carotid
artery catheters from Hilltop Lab Animals. The rats were
randomly assigned to four treatment groups (see Table 1).
Rats were administered a single s.c. or i.v. injection of GH
(20 pg/kg i.v. or 100 pg/kg s.c.) or albutropin (100 pg/kg i.v.
or 800 pg/kg s.c.). With the exception of the predose
sample, which was collected under isoflurane anesthesia,
blood collection was performed in unanesthetized animals.
Blood samples (approximately 0.25 ml) were collected in
EDTA-coated microtainers for ELISA analyses of albutro-
pin plasma concentration at the times outlined in Table 1.
After each sampling, the blood volume was replaced with an
equal volume of sterile 0.9% saline. Samples were stored on
wet ice for up to 1 h prior to centrifugation and plasma

PK sampling schedule Plasma IGF-1 sampling

schedule

Table 2

Treatment schedule for monkey pharmacokinetic/pharmacodynamic study

Group Treatment Dose Route,

(mg/kg) number of

monkeys
(male/female)

1 Vehicle 0 s.c., 2/2

2 albutropin 4 iv., 2/2

3 albutropin 4 s.c., 2/2

4 albutropin 1.5 s.c., 2/2

5 albutropin 0.3 s.c., 2/2

6 GH 0.3 s.c., 2/2

(for 7 days)

Prior to dosing and at 0.5, Prior to dosing and at 6, 12,

6, 12, 24, 48, 72, 96 and
120 h after dosing

Prior to dosing and at 5
min, 1, 6, 12, 18, 24, 30,
36 and 48 h after

dosing

Prior to dosing and at 0.5,
6, 12, 24, 48, 72, 96 and
120 h after dosing

Prior to dosing and at 0.5,
6, 12, 24, 48, 72, 96 and
120 h after dosing

Prior to dosing and at 0.5,
6, 12, 24, 48, 72, 96 and
120 h after dosing

Prior to dosing and at 0.5,
1,2,4,8,12, 18 and 24 h
after the first dose;
0.5,1,2,4,8, 12, 18, 24,
36, 48, 60 and 72 h after
the last dose

24, 48, 72, 96, 120, 144
and 216 h after dosing
Prior to dosing and at 6,
12, 24, 48, 72, 96, 120,
144 and 216 h after dosing

Prior to dosing and at 6, 12,
24, 48, 72, 96, 120, 144
and 216 h after dosing
Prior to dosing and at 6, 12,
24, 48, 72, 96, 120, 144
and 216 h after dosing
Prior to dosing and at 6, 12,
24, 48, 72, 96, 120, 144
and 216 h after dosing
Prior to dosing and at 6, 12,

24, 48, 72, 96, 120, 144, 168,

192 and 216 h after dosing
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Table 3

Treatment schedule for hypophysectomized rat study

Group Treatment Number Treatment schedule Route Dose level Dose
of rats (days) (ng/rat) volume (ml)

1 vehicle 10 daily, days 1-13 s.C. NA 0.1

2 human serum albumin 10 daily, days 1-13 s.C. 20 0.1

3 albutropin 10 daily, days 1-13 s.C. 20 0.1

4 albutropin 10 QOD, 1,3,5,7,9, 11, 13 s.C. 20 0.1

5 albutropin 10 Q4D, 1,5,9, 13 s.C. 20 0.1

6 GH 10 daily, days 1-13 s.C. 5 0.1

7 GH 10 QOD, 1,3,5,7,9, 11, 13 s.c. 5 0.1

8 GH 10 Q4D, 1,5,9,13 s.c. 5 0.1

9 albutropin (boiled) 10 daily, days 1-13 s.C. 5 0.1

10 sham hypophysectomy/vehicle 10 daily, days 1-13 s.c. NA 0.1

harvest. Plasma samples were stored at approximately — 20
°C prior to analysis.

Twenty-four cynomolgus monkeys (Covance Research
Products, Alice, TX) were assigned to one of six treatment
groups (two males/two females per group, Table 2). These
groups received a single s.c. injection of either vehicle or
albutropin (dose levels from 0.3 to 4.0 mg/kg) or albutropin
administered i.v. at a dose of 4.0 mg/kg. A separate group of
monkeys received daily s.c. injections of GH (0.3 mg/kg)
for 7 days.

Venous blood samples (approximately 1 ml) were col-
lected into EDTA-containing microtubes for assay of plasma
albutropin, GH and monkey IGF-1 (i.e. monkey pharmaco-
dynamic arm of the study) by ELISA as described in Table
2. Samples were stored on ice for up to 1 h prior to
centrifugation and plasma harvest. Plasma samples were
then stored at approximately — 80 °C.

A commercial sandwich ELISA kit specific for detec-
tion of human growth hormone (BioClin) was used for
evaluation of the rat plasma samples. This kit detects
human growth hormone in plasma by means of an
antibody sandwich ELISA format. This kit was initially
used to measure the concentration of albutropin in rat
plasma. For these plasma samples, an albutropin standard
curve (1.2—100 ng/ml) was used and the concentrations
of albutropin in rat plasma were interpolated from this
curve.

A more specific ELISA format was used for the detection
of albutropin in monkey plasma. Instead of using the anti-
GH detector antibody supplied in the BioClin kit, an anti-
human serum albumin detector antibody was substituted as
the detector antibody. By using the BioClin microplate, and
the anti-human serum albumin detector antibody, and an
albutropin standard curve, the concentrations specifically
reflect the concentration of albutropin in plasma samples
from the monkeys. The concentration of albutropin in the
plasma (ng albutropin per ml of plasma) was interpolated
from an albutropin standard curve ranging from 0.625 to 40
ng/ml albutropin.

Standard pharmacokinetic parameters, including clear-
ance (CL or CL/F), volume of distribution (Vd or Vd/F),

half-life (¢,,), area under the plasma concentration versus
time curve (AUC), maximal observed plasma concentration
(Cinax) and time to maximal observed plasma concentration
(Tmax), were obtained from plasma albutropin or GH con-
centration/time curves by noncompartmental analysis using
the modeling program WinNonlin (Pharsight, version 3.1).
Plasma albutropin or GH concentration data were uniformly
weighted for this analysis. The AUC was calculated using
the log-linear trapezoidal analysis for the i.v. data and the
linear-up/log-down trapezoidal method for the s.c. data.
Plasma concentration profiles for each rat (with the excep-
tion of the s.c. albutropin data) or monkey were analyzed
individually, and mean & standard error of the mean
(S.E.M.) values for the pharmacokinetic parameters are
reported in Tables 4—6. A compartmental analysis was
conducted on the data from monkeys given s.c. albutropin
or GH and the data from the rat given s.c. albutropin data in
order to determine the absorption half-life following s.c.
dosing. The albutropin and GH plasma data following s.c.
dosing were fit to a one-compartment model using first-
order input and output. Data were weighted as the reciprocal
of the square of the predicted plasma concentration (1/ Cpreﬁ)
for this analysis. There were insufficient data available for
the determination of absorption half-life from the rats dosed
s.c. with GH.

—O-s.c. GH
=-x=i.v. GH
—4— s.c. Albutropin
—+i.v. Albutropin

Concentration (ng/ml)

Time (hours)

Fig. 1. Mean (£ S.E.M.) plasma albutropin or GH concentrations (ng/ml)
following a single i.v. or s.c. dose of albutropin or s.c. GH in rats (n=3-8
per dose/route).
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Table 4
Mean (+ S.E.M.) pharmacokinetic parameters following single-dose i.v. or s.c. administration of albutropin and GH in Sprague—Dawley rats
Parameter Estimate® Mean S.E.M. Mean S.E.M. Mean S.EM.
Drug
Albutropin GH
Dose 100 pg/kg i.v. 800 ng/kg s.c. 800 pg/kg s.c. 20 pgkgiv. 20 pgkgiv. 100 pgkg s.c. 100 pg/kg s.c.
AUC h pg/ml 3.27 2.07 0.19 0.67 0.03 0.12 0.01
AUC/dose (h pg/ml)/pgkg) 3.3x 1072 26%103 24x1074 34%x1072 1.5x1073 12x1073 1.0x 1074
CL or CL/F ml/h/kg 30.61 397.48 41.13 30.14 1.46 820.91 94.15
Cinax pg/ml 1.88 0.18 0.02 0.56 0.06 0.07 0.01
Conax/dose (ng/ml)/pg/kg) 1.9%x1072 23%x10°4 25%1073 28%x1072  30x10°° 7.0x 10" 1.0x 1074
MRT h 2.05 12.55 0.39 1.3 0.02 1.53 0.08
Absorption #;, h NA 4.21 0.16
Terminal ¢/, h 2.96 5.93 0.36 3.09 0.05 0.66 0.08
Tnax h 0 6.5 0.87 0 0 1 0
Vz or Vz/F ml/kg 130.88 3396.53 363.27 134.4 8.5 776.58 100.73
Vss ml/kg 62.82
Bioavailability ~ % NA 7.9 NA 3.6

Parameters were generated for individual rats, and the mean (4 S.E.M.) data are presented here.
?For the 100 pg/kg i.v. dose only, complete curves were not obtained from individual rats; therefore, mean data were analyzed for this dose group.

2.2.2. Pharmacodynamic studies

Hypophysectomized (interaural method) or sham-oper-
ated Sprague—Dawley male rats, 3—4 weeks of age, were
obtained from Taconic Laboratories. During a post-surgical
acclimation period of 3 weeks, rats were examined and
weighed twice weekly to eliminate animals deemed to have
incomplete hypophysectomy evidenced by weight gain sim-
ilar to that of sham-operated rats. Those rats with incomplete
hypophysectomized were eliminated from the study. The
average body weights of the hypophysectomized and sham
rats were 70 and 150 g, respectively, at the time of the
experiment.

Rats were injected s.c. with albutropin, vehicle, human
serum albumin or inactivated albutropin (boiled) once
daily for 13 consecutive days (days 1-13; QD), every
other day (days 1, 3, 5, 7, 9, 11 and 13; QOD) or every
fourth day (days 1, 5, 9 and 13; Q4D). Additional groups
of rats received GH by s.c. injection once daily for 13
days, every other day or every fourth day. Albutropin or
human serum albumin (20 pg/rat) was administered s.c.
in an injection volume of 0.1 ml/rat. The dose of GH
was 5 pg/rat, a dose of growth hormone that was
equimolar with the amount of GH in a corresponding
20 npg/rat dose of albutropin. The treatment groups are
summarized in Table 3. Following injection, rats were
weighed daily for up to 14 days. Rats were euthanized
on day 14 (24 h after the final dose) by overexposure to
CO,. The right tibia was harvested, fixed, decalcified and
processed for histological examination of the epiphyseal
growth plate (toluidine blue staining of sections taken
midway through the thickness of the tibia). The average
tibial epiphyseal growth plate area ( £ S.E.M., reported in
mm?®) was determined from the epiphyseal growth plate
area of five tibial sections using computerized morphom-
etry (IPLab Spectrum).

Plasma samples for IGF-1 analyses were obtained at the
times described in Table 2. Samples were analyzed for
IGF-1 concentration using an ELISA developed by Nich-
ols Research Laboratories and implemented by Quest
Diagnostics (Nichols Institute). Plasma IGF-1 values were
normalized to percent change from each animal’s pre-study
value.

Body weight gain was evaluated using repeated measures
analysis of variance (ANOVA) with heteroscedastic com-
pound symmetric covariance structure. Epiphyseal plate
area data were subjected to a one-way ANOVA followed
by a Dunnett’s post hoc test. The alpha values for the re-
peated measures ANOVA as well as the one-way ANOVA/
Dunnett’s were assigned to be 0.05. In the monkey pharma-
codynamic study, the mean IGF-1 response for each dose
group was statistically compared against the mean response
of the vehicle control group. These comparisons were
performed in the context of a one-way analysis of variance

—— 4 mg/kg Albutropin i.v.
—O— 4 mg/kg Albutropin s.c.

100000 1.5 mg/kg Albutropin s.c.
= 0.3 mg/kg Albutropin s.c.
\5, 10000 —— 0.3 mg/kg GH s.c.
c
§ 1000
jd
g 100
o
<
8 10

1+ T T T T T
0 24 48 72 96 120

Time (hours)

Fig. 2. Mean (+ S.E.M.) plasma albutropin or GH concentrations (ng/ml)
following single-dose i.v. or s.c. administration of albutropin or s.c. GH in
cynomolgus monkeys (n=4 per dose/route).
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Table 5

Mean (+ S.E.M.) pharmacokinetic parameters following single-dose i.v. or s.c. administration of albutropin in cynomolgus monkeys

Parameter N 0.3 mg/kg s.c. 1.5 mg/kg s.c. 4.0 mg/kg s.c. 4.0 mg/kg i.v.
Mean S.E.M. Mean S.E.M. Mean S.E.M. Mean S.E.M.

AUC h ng/ml 4 24310 14548 226325 36640 629608 99570 1474442 138534

AUC/Dose (h ng/ml)/(ng kg) 4  0.08 0.05 0.15 0.02 0.16 0.02 0.370 0.030

CL or CL/F ml/h/kg 4 246 7.1 7.1 1.0 6.8 1.0 2.8 0.3

Cinax ng/ml 4 8085 376.3 5089.0 509.5 13690.8 1646.9 87486.9 1313.8

Conax/dose (ng/ml)/(ng/kg) 4 30x107% 13x10°% 34x107% 34x107* 34x107° 41x10°* 0.022 0.000

t/ elim h 4 14.3 1.4 12.8 1.2 14.7 2.9 14.8 35

/2 absorb h 4 28 0.9 7.7 2.4 7.6 2.3

MRT h 4 253 2.4 35.0 2.1 355 35 20.8 44

Tinax h 4 6.0 0.0 13.5 3.8 16.5 45 0.0 0.0

Vz or Vz/F ml/kg 4 520 169 133 28 133 6 56 8

Bioavailability % 4 43

(ANOVA) at each time point followed by a multiple
comparisons test (alpha value of 0.05).

3. Results

3.1. Pharmacokinetic and pharmacodynamic studies in
Sprague—Dawley rats and cynomolgus monkeys

3.1.1. Pharmacokinetic studies

Plasma albutropin and GH concentrations (mean
S.E.M.) from the rat pharmacokinetic study are presented in
Fig. 1 and the results of the pharmacokinetic analyses are
presented in Table 4. The terminal half-life of albutropin in
the rat was about 3 h after i.v. administration and 6 h after
s.c. administration. The terminal half-life of GH in rats was
similar to albutropin after i.v. administration (3 h), but
considerably shorter after s.c. administration (0.7 h). Appa-
rent clearance of i.v. albutropin (30.6 ml/h/kg) was the same
as the clearance of i.v. GH (30.1 ml/h/kg). Albutropin was
absorbed slowly in the rat compared to GH, reaching a
Cuax 0f 200 ng/ml about 6 h after s.c. injection of 800 pg/
kg. Recombinant human GH reached its C,,,, of 70 ng/ml
more quickly at 1 h after s.c. dosing with 100 pg/kg. The
s.c. bioavailability of both albutropin (7.9%) and GH

(3.6%) were very low relative to i.v. administration of the
respective proteins in the rat.

Visual inspection of the plasma concentration data
revealed no obvious differences in plasma concentration
profiles from the albutropin-treated monkeys, therefore the
male and female monkeys were analyzed together. There
appeared to be differences between males and females in
the plasma concentration curves from the GH-injected
monkeys, so these profiles were analyzed separately.

After single i.v. or s.c. doses of 0.3, 1.5 and 4.0 mg/kg,
albutropin was detectable in the plasma of most monkeys
through the duration of the sampling period (48 h after i.v.
dosing and 120 h after s.c. dosing; Fig. 2). Two monkeys
in the 0.3 mg/kg albutropin dose group had detectable
plasma concentrations for 96 h after dosing. In contrast,
plasma concentrations of GH were below the limit of
quantitation by 24 h after dosing. Results of the non-
compartmental pharmacokinetic analyses are provided in
Tables 5 and 6. The terminal half-life of albutropin was
13—15 h in the cynomolgus monkey following i.v. or s.c.
injection and 2-3 h following s.c. injection of GH. The
mean residence time of s.c. albutropin was at least sixfold
greater than that of s.c. GH. Clearance was 2.8 ml/h/kg
after the i.v. dose of 4 mg/kg and approximately apparent
clearance was 7 ml/h/kg after s.c. dose levels of 1.5 and 4

Table 6
Mean (+ S.E.M.) pharmacokinetic parameters following single-dose i.v. or s.c. administration of GH in male and female cynomolgus monkeys
Parameter Day 0 Day 6

Females Males Females Males

Mean S.E.M. Mean S.EM. Mean S.EM. Mean S.E.M.
AUC h ng/ml 1314 72 1951 56 1260 22 1723 131
AUC/Dose  (h ng/ml)/(ng kg) 44x10"° 20x10"* 65x107% 20x10"* 42x107% 10x107* 57x107% 40x10"*
CL/F ml/h/kg 229.0 12.5 153.9 44 238.1 4.2 175.2 13.3
Cinax ng/ml 263.8 71.5 410.1 73.9 248.8 31.7 346.3 16.5
MRT hr 4.2 0.8 4.0 0.3 3.6 0.6 4.1 0.4
/2 absorb h 0.61 0.22 0.45 0.03 0.68 0.14 0.56 0.13
t/ elim h 1.7 0.4 2.8 1.1 1.6 0.4 2.4 0.0
Tinax h 3.0 1.0 1.5 0.5 2.0 0.0 2.0 0.0
Vz/F ml/kg 563 149 618 253 541 143 599 43
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mg/kg. Apparent clearance was 24.6 ml/h/kg after the
lowest s.c. dose of 0.3 mg/kg. In contrast, the apparent
plasma clearance rate of s.c. injected GH was 229 ml/h/kg
in the female monkeys and 154 ml/h/kg in the male
monkeys (Table 6). The absorption of albutropin after
s.c. dosing was slower than that of s.c. administered GH,
with an absorption half-life of 2.8 h for the 0.3 mg/kg of
albutropin and a mean of 0.5 h for the 0.3 mg/kg GH dose.
The s.c. bioavailability after a dose of 4 mg/kg was
approximately 43% relative to the i.v. dose of 4 mg/kg
as determined from the ratio of the s.c. to i.v. area under
the plasma concentration curve (AUC).

3.1.2. Pharmacodynamic studies

Albutropin dosed daily, every other day or every 4 days
significantly increased body weight gain compared to
vehicle (phosphate-buffered saline; PBS) controls (Fig. 3).
Heat-inactivated (boiled) albutropin had no significant effect
on body weight gain. Similarly, GH administered at a dose
level equimolar to those of albutropin induced a significant
increase in body weight gain with every day and every other
day dosing. However, no significant growth was achieved
with every fourth day dosing of GH compared to PBS
controls. In every other day and every 4-day dosing regi-
mens, the weight gain in rats treated with albutropin was
greater than that of regimen-matched GH treatment groups.
Although the mean weight gain induced by GH adminis-
tration every 4 days was not statistically different from
either daily human serum albumin (a protein control) or
inactivated albutropin control administration, the effect of
every fourth day administration of human serum albumin or
boiled albutropin was not assessed, thus a more appropriate
comparison with regimen-matched controls was not possible

—&— Albutropin 20 ug Days 1-13

—@-GH 5 ug Days 1-13

—&— Albutropin 20 ng Days 1,3,5,7,9,11,13
-4—GH 5 pg Days 1,3,5,7,9,11,13

- 4— Albutropin 20 ug Days 1,5,9,13

201  -@-GH 5 g Days 1,5,9,13

=/ Albutropin 20 ug (boiled) Days 1-13
—- HSA 20 pg Days 1-13
—{1-PBS 0.1mL Days 1-13

254

Cumulative Body Weight Gain (% vs Day 1)

in this study. However, it is clear that intermittent dosing of
albutropin increases in body weight gain in hypophysec-
tomized rats.

Albutropin dosed daily, every other day or every 4 days
significantly increased tibial epiphyseal plate area compared
to vehicle controls (Fig. 4A and B). Heat-inactivated albu-
tropin had no effect on epiphyseal plate growth. Recombi-
nant GH also increased epiphyseal plate growth when given
daily and every other day; however, when administered
every 4 days, GH failed to increase significantly tibial
epiphyseal plate area (Fig. 4B). When dosed QD or QOD,
there were no significant differences between albutropin and
GH. Albutropin on a Q4D schedule significantly increased
tibial epiphyseal plate area compared to GH on a Q4D
schedule.

Plasma IGF-1 concentrations were increased in a dose-
dependent fashion in monkeys given a single administration
of albutropin by the s.c. and i.v. routes (Fig. 5). The IGF-1
concentrations began to increase significantly within 12 h
after dosing and peaked 72—120 h after the injection of
albutropin (4 mg/kg i.v. or s.c.). In the 4 mg/kg s.c. and i.v.
treatment groups, plasma IGF-1 concentrations appeared to
be increased above predose values for at least 7 days. At the
1.5 mg/kg s.c. dose, plasma IGF-1 concentrations were
significantly increased above vehicle controls at 120 h only,
although there was a trend towards increased plasma IGF-1
between days 4 and 7. A single injection of 0.3 mg/kg
albutropin did not significantly increase IGF-1 concentra-
tions compared to the vehicle control group. Seven consec-
utive s.c. injections of GH at 0.3 mg/kg (2.1 mg/kg total
cumulative dose over 7 days of administration) increased
plasma IGF-1 concentrations to the same extent as a single
i.v. or s.c. administration of albutropin (4.0 mg/kg).

__________

Time (days)

Fig. 3. Mean (= S.E.M.) cumulative body weight gain (% of day 1) for hypophysectomized rats treated with either albutropin or GH administered s.c. using

various dosing regimens (n= 10 per treatment group).
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Fig. 4. Effect of albutropin on rat tibial epiphyseal plate growth (A) histologically and (B) as measured by computerized morphometry (mean tibial epiphyseal
growth plate area + S.E.M.) on histologic sections.

100+ I

——4 mg/kg i.v.

—*—4 mg/kg s.c.

—— 1.5 mg/kg s.c.

——0.3 mg/kg s.c.

- £~ vehicle

-%— 0.3 mg/kg GH s.c.(daily)

Plasma IGF-1 (% change from baseline)

Time (days)

Fig. 5. Mean (£ S.E.M.) percent change in IGF-1 concentrations in monkey plasma following single i.v. or s.c. administration of albutropin at 0.3—-4.0 mg/kg
or 7 daily s.c. administration of GH (n=4 per dose/route). All IGF-1 concentrations were normalized to their baseline values prior to study initiation.
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4. Discussion

Although GH supplementation is effective in the treat-
ment of GH deficiency in children and adults, the disad-
vantages of daily injections over extended periods of time
limit its use by physicians in certain patient populations as
well as increase the risk of dosing error, the number of care
givers, the cost of treatment and/noncompliance rates
(Davies et al., 2000; Reiter et al., 2001). Especially impor-
tant in certain populations, such as children of short stature
who may not understand the implications of not following
the prescribed GH dosing regimen, is the necessity of
compliance to achieve the optimal benefit from GH therapy
(Reiter et al., 2001). The issue of finding a more suitable
alternative to daily GH injections and subsequent compli-
ance gains further importance as GH-deficient children
transition into adults with a continuing need for GH treat-
ment (Vahl et al., 2000). The requirement of daily therapy is
largely due to recombinant GH’s short plasma half-life and
has led to the development of a sustained release form of
GH (Reiter et al., 2001). We report here that albutropin, a
recombinant human serum albumin/human growth hormone
fusion protein, has a pharmacokinetic profile in the rat and,
especially, monkey that is longer in duration than that of
GH. This unique pharmacokinetic profile allows for inter-
mittent administration of albutropin to achieve pharmaco-
dynamic effects in both growth-hormone-deficient rat and
normal monkey as evidenced by growth and elevations in
plasma IGF-1 levels, respectively.

In general, albutropin offers a superior pharmacokinetic
profile compared with that of GH when administered s.c.
in the rat. Although albutropin and GH are poorly
absorbed s.c. in the rat and have similar terminal half-
lives following i.v. administration, there are substantial
differences in plasma clearance of albutropin compared to
GH. Specifically, plasma is cleared of albutropin at less
than half the rate of GH following s.c. dosing. The
terminal half-life and mean residence time of albutropin
were approximately eight times longer than that of GH in
rats following s.c. administration. In addition, the volume
of distribution following s.c. dosing is much larger for
albutropin than for GH.

In an effort to examine whether the pharmacokinetic
advantages in the rat translated to a pharmacodynamic
benefit, the possibility that albutropin might stimulate
growth in GH-deficient hypophysectomized rats with dos-
ing regimens less frequent than daily was tested at
equimolar albutropin and GH dose levels. Albutropin
administered daily, every other day and even every fourth
day significantly increased both cumulative body weight
gain and tibial epiphyseal plate parameters. These growth-
promoting effects were generally greater than those
induced with equimolar dose levels of GH administered
at the same intermittent dosing schedules. Of note, the
every fourth day administration schedule for albutropin
shows a clear benefit over GH since albutropin enhanced

both body weight gain and bone growth, while GH
showed no significant effects on either parameter.

In monkeys, albutropin administered at the same dose
of GH by mass (0.3 mg/kg) as GH showed an improved
pharmacokinetic profile relative to GH: The half-life was
six times longer for albutropin, the mean residence time
was about 5- to 10-fold greater and clearance was 8-fold
slower than GH. In addition, the absorption of albutropin
was slower than that of GH as evidenced by the greater
half-life of absorption of albutropin compared to GH.
Pharmacodynamically, the long circulation time of albu-
tropin relative to GH in the monkey resulted in a pro-
longed IGF-1 response measured in blood plasma
following a single s.c. injection. Subcutaneous administra-
tion of a single dose of albutropin increased circulating
IGF-1 concentrations in a dose-dependent manner in the
normal cynomolgus monkey. At the highest albutropin
dose, IGF-1 concentrations were elevated above baseline
for as long as 7 days after a single administration. This
IGF-1 response was equivalent to the response achieved by
seven consecutive daily administrations of GH at 0.3 mg/
kg (2.1 mg/kg total dose). Thus, the enhanced circulation
time of a single dose of albutropin resulted in substantial
pharmacodynamic improvement over a single dose of GH,
raising the possibility that albutropin could offer similar
growth enhancement with reduced dosing frequency com-
pared with standard GH treatment regimens.

The concept of reduced dosing frequency with a GH
product received some attention with the development of
Nutropin Depot®. This sustained release formulation of
GH is effective and approved for use in pediatric pop-
ulations; however, comparisons to historical controls have
revealed that 1- and 2-year growth rates are significantly
(p<0.001) lower in children given Nutropin Depot® (1-
year growth rate 8.2+ 1.8 cm/year) than in children
treated with GH (one-year growth rate 10.1 + 2.8 cm/year)
(Silverman et al., 2002). The local effects of subcutane-
ously administered Nutropin Depot® include nodules,
erythema, pain at the injection site, headache and vomiting
(Silverman et al., 2002). Preclinical toxicology studies in
both rat and monkey have shown that s.c. administration
of albutropin produces no local reactions compared to
vehicle. Given the medical need for a less frequently
administered form of GH, the pharmacologic properties
of albutropin in this study in monkeys and rats suggest
that this product warrants clinical testing. The sustained
activity of albutropin in the rat and monkey support its
potential utility as an agent that requires only intermittent
administration to attain a therapeutic benefit that is cur-
rently achieved with daily dosing.

Acknowledgements

The authors would like to thank Susan M. Stoughton for
her help in the preparation of this manuscript. The skilled



158 B.L. Osborn et al. / European Journal of Pharmacology 456 (2002) 149-158

technical assistance of Renee Miceli and Yvonne Knight is
gratefully acknowledged. The monkey pharmacokinetic
study would not have been possible without the help of
the personnel at Covance Laboratories, especially Todd
Oppeneer. We would also like to thank Dr. Deborah Russell
and Dr. Cynthia Sung for their significant assistance in the
preparation of this manuscript.

References

Baskin, H.J., Bengtsson, B.-A., Dickey, R.A., Feld, S., Lippe, B.M., Mar-
cus, R., Nippoldt, T.B., Robard, H.-W., Seibel, J.A., 1998. AACE clini-
cal practice guidelines for growth hormone use in adults and children.
Endocr. Pract. 4, 165—-173.

Davies, J.S., Obuobie, K., Smith, J., Rees, D.A., Furlong, A., Davies, N.,
Evans, L.M., Scanlon, M.E.,, 2000. A therapeutic trial of growth hor-
mone in hypopituitary adults and its influence upon continued prescrip-
tion by general practitioners. Clin. Endocrinol. 52, 295-303.

Gargosky, S.E., Tapanainen, P., Rosenfeld, R.G., 1994. Administration of
growth hormone (GH), but not insulin-like growth factor 1 (IGF-1), by
continuous infusion can induce the formation of the 150-kilodalton
IGF-binding protein 3 complex in GH deficient rats. Endocrinology
134, 2267-2276.

Laursen, T., Jorgensen, J.O.L., Christiansen, J.S., 1994. Metabolic response
to growth hormone (GH) administered in a pulsatile, continuous or
combined pattern. Endocrinol. Metab. 1, 33—40.

Laursen, T., Flyvbjerg, A., Jorgensen, J.O.L., Baxter, R.C., Christiansen,
J.S., 2000. Stimulation of the 150-kilodalton insulin-like growth factor-

binding protein-3 ternary complex by continuous and pulsatile patterns
of growth hormone (GH) administration in GH-deficient patients. J.
Clin. Endocrinol. Metab. 85, 4310—-4314.

Laursen, T., Gravholt, C.H., Heickendorff, L., Drustrup, J., Kappelgaard, A.,
Jorgensen, J.O.L., Christiansen, J.S., 2001. Long-term effects of contin-
uous subcutaneous infusion versus daily subcutaneous injections of
growth hormone (GH) on the insulin-like growth factor system, insulin
sensitivity, body composition and bone and lipoprotein metabolism in
GH deficient adults. J. Clin. Endocrinol. Metab. 86, 1222 —-1228.

Peters, T., 1996. All About Albumin, Biochemistry, Genetics and Medical
Applications, Academic Press, San Diego, California, 432 p.

Physicians Desk Reference, 2002. Nutropin Depot® Product Information
Medical Economics, Oradell, NJ.

Reiter, E.O., Attire, K.M., Mashing, T.J., Silverman, B.L., Kemp, S.F.,
Neolith, R.B., Ford, K.M., Sanger, P., 2001. A multimember study of
the efficacy and safety of sustained release GH in the treatment of naive
pediatric patients with GH deficiency. J. Clin. Endocrinol. Metab. 86,
4700-4706.

Silverman, B.L., Blethen, S.L., Reiter, E.O., Attie, K.M., Neuwirth, R.B.,
Ford, K.M., 2002. A long-acting human growth hormone (Nutropin
Depot®): efficacy and safety following two years of treatment in chil-
dren with growth hormone deficiency. J. Pediatr. Endocrinol. Metab.
15, 715-722.

Vahl, N., July, A., Jorgensen, J.O.L., Korsakov, H., Skakkebaek, N.E.,
Christiansen, J.S., 2000. Continuation of growth hormone (GH) re-
placement in GH-deficient patients during transition from childhood
to adulthood: a two-year placebo-controlled study. J. Clin. Endocrinol.
Metab. 85, 1874—1881.

Vance, M.L., Mauras, N., 1999. Growth hormone therapy in adults and
children. N. Engl. J. Med. 341, 1206—1216.



	Introduction
	Methods and materials
	Preparation and purification of albutropin
	Pharmacokinetic and pharmacodynamic studies in Sprague-Dawley rats and cynomolgus monkeys
	Pharmacokinetic studies
	Pharmacodynamic studies


	Results
	Pharmacokinetic and pharmacodynamic studies in Sprague-Dawley rats and cynomolgus monkeys
	Pharmacokinetic studies
	Pharmacodynamic studies


	Discussion
	Acknowledgements
	References

