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Abstract

TV-1106 is a human serum albumin genetically fused to recombinant human growth hormone, designed to provide
a long-acting alternative to daily growth hormone (GH) injections in patients with GH deficiency. This study inves-
tigated the pharmacokinetics, pharmacodynamics, and safety of single subcutaneous doses of TV-1106 (7.5, 15, 50, and
100 mg) in Japanese (n = 44) and caucasian (n = 44) healthy subjects.TV-1106 pharmacokinetics and pharmacodynamics
were comparable in Japanese and caucasian populations. TV-1106 demonstrated relatively slow absorption (median tmax,
10–30 hours) and a mean elimination half-life of 26–36 hours. Apparent clearance and volume of distribution decreased
with increasing TV-1106 doses in both populations and appeared to increase more than dose proportionality across
the tested doses. Insulin-like growth factor-1 (IGF-1) and IGF binding protein-3 (IGFBP-3) increased in a dose-related
manner, with maximum responses observed at 33–96 and 42–109 hours, respectively. IGF-1 and IGFBP-3 returned to
baseline values at 168 hours following 7.5 and 15 mg of TV-1106, and 336 hours following 50 and 100 mg of TV-1106.
TV-1106 appeared safe in both populations.There was no evidence of differences in pharmacokinetics, pharmacodynam-
ics, or safety of TV-1106 between Japanese and caucasian populations. The data also demonstrate long-acting growth
hormone properties of TV-1106 and support its potential for once-weekly dosing.
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Growth hormone (GH) promotes linear growth by
regulating production of insulin-like growth factor 1
(IGF-1). IGF-1 is produced by the liver and other tar-
get organs such as the epiphyseal growth plates found
at the end of the long bones. GH has diverse metabolic
actions, which include anabolic, lipolytic, and diabeto-
genic effects.1

Adult-onset growth hormone deficiency (AGHD)
usually occurs as a result of pituitary or peripituitary
tumors and their treatment. More than 90% of people
with AGHD have overt pituitary disease. Frequently,
this is the result of an expansive pituitary adenoma
or therapy aimed at ablating such a tumor, that is,
surgery or radiation. AGHD is associated with abnor-
mal body composition, reduced physical performance,
altered lipid metabolism, increased cardiovascular dis-
ease, skin changes, impaired sense of well-being and
other psychological complaints, and reduced quality of

life. The predominant clinical signs and symptoms of
pediatric GHD include proportionate short stature, ac-
companied by decreased growth velocity, delayed bone
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maturation, truncal obesity, a facial appearance that is
younger than expected for chronological age, delayed
secondary dentition, and a high-pitched voice. Puberty
may be delayed until the late teens.2

Recombinant human growth hormone (rhGH) is
primarily used to treat GHD. Current standard of
care for GHD involves daily subcutaneous injections
of rhGH, which often results in poor compliance by
patients.3,4 To try to improve patient compliance while
maintaining the efficacy and safety profiles of the daily
products, there has been a drive to develop long-acting
GH formulations.5 TV-1106 a human serum albumin
(HSA) genetically fused to recombinant human growth
hormone, is a GH analogue being developed to provide
a long-acting alternative (frequency onceweekly or less)
to daily GH injections in patients with GHD.6

Single subcutaneous doses of TV-1106 have previ-
ously been assessed in healthy subjects.6 Doses of 3 to
100 mg of TV-1106 were found to be safe and well
tolerated, and the pharmacokinetics and pharmacody-
namics supported once-weekly administration in pa-
tients with GHD. The purpose of this new study was
to evaluate the pharmacokinetics, pharmacodynamics,
and safety of single subcutaneous doses of TV-1106
in healthy Japanese subjects and compare the findings
with matched healthy caucasian subjects.

Methods
This study was approved by an independent institu-
tional review board (Aspire IRB, LLC Clinical Trials
Medical Group, Glendale, California). All subjects had
to be willing and able to understand and comply with
study procedures and provide written informed consent
prior to study entry. The study was conducted at a sin-
gle center, and in accordance with the principles out-
lined in the Declaration of Helsinki and Good Clinical
Practice.

Subjects
Healthy male and female Japanese and caucasian sub-
jects aged 20 to 50 years with a body mass index (BMI)
of 18 to 28 kg/m2 and a serum insulin-like growth fac-
tor 1 (IGF-1) value within the range of a -2.0 and +2.0
age-adjusted standard deviation score (SDS) were eligi-
ble for the study. Japanese subjects were nonnaturalized
Japanese citizens, with Japanese parents and grandpar-
ents and had been living outside Japan for no more
than 10 years. Caucasian subjects had no parents or
grandparents of Japanese descent. All female subjects
had to be of either nonchildbearing potential or using
adequate nonhormonal contraception. Exclusion cri-
teria included previous exposure to recombinant GH
or GH supplements prior to the study, known history
of severe allergic or anaphylactic reactions, known al-

lergy or hypersensitivity to recombinant GH or HSA,
and a history of any clinically significant medical con-
ditions (ie, cardiac, endocrine, hematological, hepatic,
renal, metabolic, neurological, or other disease).

Study Design
This was a double-blind, placebo-controlled, random-
ized, parallel-group study managed by Parexel Early
Phase Clinical Unit (Los Angeles, California). Sub-
jects were randomly assigned to one of the following
dose groups: 7.5-, 15-, 50-, or 100-mg TV-1106, placebo
(0.5 mL), or placebo (1.0 mL, to control for the high
volume injected at the 100-mg dose group). All treat-
ments were administered as subcutaneous injections.
Each dose group included 8 Japanese and 8 caucasian
subjects, except for placebo (1.0 mL), which included
4 Japanese and 4 caucasian subjects. The Japanese and
caucasian subjects werematched (at cohort level) on the
basis of sex, mean age (±10 years), and BMI (±20%).
Each subject received a single dose of either TV-1106 or
placebo on day 1 while resident at the study site. Sub-
jects were discharged from the site on day 3 and then
returned daily up to day 8 and then again on day 15
and day 29 (±1) for the final safety assessment.

Treatment Rationale and Administration
The 7.5-, 15-, and 50-mg TV-1106 doses were selected
based on the dose range expected in adults with GHD.
In addition, these doses were considered safe and well
tolerated and enabled a complete pharmacokinetic/
pharmacodynamic comparison to be conducted. A pe-
diatric population is expected to require higher doses
per kilogram of body weight than adults (based on ex-
perience with daily rhGH), and thus the 100-mg dose
was included to provide safety exposure with the liquid
formulation with the highest feasible/expected dose in
pediatrics.

No dose adjustment was recommended for Japanese
compared with caucasian subjects, as there are
no known differences in daily GH exposures and
metabolism of GH between these 2 populations. In
addition, multiple dosing was not included in this
study to avoid or reduce the changes of formation of
antidrug antibodies (ADA) in healthy subjects.

TV-1106 was supplied as single-use vials, each vial
containing 0.25 mL at a concentration of 100mg/mL in
a liquid formulation of 20 mM sodium phosphate, 180
mM mannitol, and 60 mM trehalose dehydrate at pH
6.0. The 7.5-, 15-, 50-, and 100-mg doses were injected
at fixed volumes of 0.075, 0.15, 0.5, and 1.0 mL, respec-
tively. The placebo comprised the TV-1106 formulation
buffer with 4 μg/mL riboflavin (vitamin B2) for color-
matching purposes. Placebo doses were administered as
either a 0.5- or a 1-mL injection. Injections were given
subcutaneously in the right thigh.
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Pharmacokinetic Assessments
Blood samples for determination of serum TV-1106
concentrations were collected prior to dosing on day
1, and 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 24, 30, 36, 48,
72, 96, 120, 144, 168, 336, and 672 hours postdose, and
serum samples were prepared and kept frozen prior to
analysis. TV-1106 serum quantification was performed
by Teva Biopharmaceuticals USA Inc. (Rockville,
Maryland) using a validated enzyme-linked immuno-
sorbent assay (ELISA). All scheduled serum sam-
ples for all subjects were collected and reported. The
method is a sandwich ELISA assay based on the cap-
ture of TV-1106 by anti-GH antibody coated onto a
96-well plate and the detection of bound TV-1106 by
horseradish peroxidase (HRP)–labeled anti-HSA anti-
body. The method was validated in the concentration
range of 4 to 400 ng/mL for TV-1106 in 100% human
serum using a minimum required dilution of 1:20. Ac-
curacy and precision of the method were tested during
validation using TV-1106 spiked at different levels in
the serum samples. The recovery of the spiked samples
varied between 95% and 113% of the nominal concen-
trations; the interassay precision varied from 6% to 16%
and the intra-assay from 3% to 6%. For sample testing,
3 levels of quality control (QC) samples spanning the
range of quantification were included in each run. The
test sample was assayed in duplicate, and the reportable
value is the average of the duplicate wells. Only samples
from the TV-1106 dose groups were assayed. Concen-
trations below the lower limit of quantification (LLOQ;
4 ng/mL) were treated as 0 when calculating summary
statistics for serum drug concentrations.

The following pharmacokinetic parameters were
calculated by noncompartmental analysis (Phoenix
WinNonlin, version 6.2.1; Pharsight Corporation, St
Louis, Missouri): maximum observed concentration
(Cmax), time of observed maximum concentration
(tmax), area under the concentration–time curve from
0 to the time of the last quantifiable concentration
(AUC0–t), area under the concentration–time curve
from 0 to 168 hours postdose (AUC0–168), area under
the concentration–time curve from 0 extrapolated to in-
finity (AUC0–inf ), terminal half-life (t1/2), apparent total
body clearance (CL/F), and the apparent volume of dis-
tribution (Vz/F). Dose-normalized Cmax and AUC pa-
rameters were also calculated.

Pharmacodynamic Assessments
Blood samples for determination of IGF-1 and insulin-
like growth factor binding protein 3 (IGFBP-3) serum
concentrations were collected at screening (IGF-1
only), day -1 (IGF-1 only), prior to dosing on day 1 and
1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 24, 30, 36, 48, 72, 96, 120,
144, 168, and 336 hours postdose. All scheduled serum
samples for all subjects were collected and reported.

The measurements of IGF-1 and IGFBP-3 were per-
formed by Quest Diagnostics Clinical Trials (Valencia,
California) using a validated liquid chromatography–
tandem mass spectrometry method (for IGF-1) and
Siemens Immulite 2000 method (for IGFBP-3). Briefly,
IGF-1 in serum and lyophilized IGF-1 internal stan-
dard (Cerilliant) was first extracted using a mixture
of acid and ethanol. The extract was then transferred
onto an Onyx guard and Monolithic C18 analytical
column (Cohesive Technologies TX-4 HTLC system).
The flow of solvent from the column was diverted to
the heated electrospray source of the Agilent TOF sys-
tem. The analytical measurement range was between
16 and 2000 ng/mL. Precision of the assay was deter-
mined during validation. Intra-assay variation ranged
from 1.8% to 2.2% for Bio-Rad QC pools and from
2.4% to 4.4% for spiked in-house QCs. Interassay vari-
ation for the low, medium, and high Bio-Rad QCmate-
rial was 3.3%, 3.1%, and 2.8%, respectively. The overall
variation for low, medium, and high in-house QC ma-
terial was 5.0%, 5.2%, and 3.5%, respectively. The
IGFBP-3 method was a solid-phase, enzyme-labeled
chemiluminescent immunometric assay. Anti-IGFBP-3
Bead Pack, anti-IGFBP-3 reagent wedge, anti-IGFBP-
3 adjustors, and IGFBP-3 sample diluent were used
according to the manufacturer’s procedure (Siemens
Healthcare Diagnostic, part number L2KGB2). The
range of quantification of the method was 0.5–160.0
mg/L. The inter- and intra-assay precision was less than
6.6% and 3.2%, respectively.

As IGF-1 and IGFBP-3 are endogenous substances,
baseline-adjusted values were calculated by subtracting
the baseline from all postdose values. For IGF-1 the
baseline was defined as the mean value from screen-
ing, day -1, and predose day 1 values. For IGFBP-
3, the baseline was the predose day 1 value. The
following pharmacodynamic parameters for baseline-
adjusted IGF-1 and IGFBP-3 were calculated (Phoenix
WinNonlin, version 6.2.1): maximum observed re-
sponse (Emax), time to achieve Emax (TEmax), area under
the effect–time curve from time 0 to the time of the last
quantifiable concentration (AUEC0–t) and area under
the effect–time curve from time 0 to 168 hours postdose
(AUEC0–168).

Safety Assessments
Safety was assessed throughout the study by moni-
toring of adverse events, vital signs, 12-lead electro-
cardiograms (ECGs), clinical laboratory assessments
(including fasting blood glucose and insulin), and phys-
ical examinations. Fundoscopy (nondilated) was per-
formed at screening and was repeated to rule out
intracranial hypertension if headaches associated with
vision problems were reported.7
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Immunogenicity was also assessed during the study
(TV-1106 dose groups only). Serum samples were col-
lected on day -1, day 15, and day 29 (when TV-1106
was completely washed-out: concentration < LLOQ 4
ng/mL). Subjects with a positive immunogenicity sam-
ple on day 29 postdosing were requested to provide
another sample approximately 3 to 5 months after dos-
ing. Analysis for antidrug antibodies (ADAs) was per-
formed by Teva Biopharmaceuticals USA (Rockville,
Maryland) using a validated ELISAmethod. The ADA
against TV-1106 was determined using TV-1106 as the
capture reagent and HRP-conjugated protein A/G and
protein L as the detection reagent. The method was val-
idated for screening, specificity to confirm the presence
of specific anti-TV-1106 and anti-GH antibodies, and
titration. The method has a sensitivity of 15 ng/mL,
a drug tolerance of 2 μg/mL, and intra- and interas-
say variability of less than 7% and 15%, respectively.
The positive control for the ADA assay was an affinity-
purified rabbit polyclonal antibody raised against TV-
1106. Samples confirmed as ADA positive were further
characterized to evaluate the titer and neutralizing ac-
tivity of the ADA. The method for analysis of neutral-
izing antibody is a cell-based assay, which is based on
the ability of anti-TV-1106 neutralizing antibodies to
block TV-1106 or hGH-induced proliferation of Nb2-
11 cells. The neutralizing antibody method has a sensi-
tivity of 495 ng/mL for TV-1106 or 87 ng/mL for GH
when used as an inducer, a drug tolerance of 150 ng/mL,
and an overall imprecision of less than 14%.

Statistical Analysis
A total sample size of 8 subjects per dose level per eth-
nic group was not based on statistical considerations,
but was considered sufficient for the assessment of TV-
1106 pharmacokinetics, pharmacodynamics, and safety
based on clinical and practical considerations.

Safety data are summarized using descriptive statis-
tics and change from baseline (where appropriate) by
dose and ethnic group.

Tabulations with summary descriptive statistics for
each TV-1106 dose and graphs are provided to compare
pharmacokinetic and pharmacodynamic parameters
and profiles of Japanese and caucasian subjects. Side-
by-side box plots for dose-normalized pharmacokinetic
(AUC0–t/dose and Cmax/dose) and pharmacodynamic
(AUEC0–168) parameters by dose and ethnic group are
presented including individual subject parameters.

Results
Subjects
A total of 88 healthy subjects (44 Japanese and 44 cau-
casian) were randomized and received treatment in the
study. One subject (caucasian) who received placebo

Figure 1. Mean serum TV-1106 concentration-versus-time
profiles for Japanese and caucasian subjects.

(0.5 mL) was discontinued from the study after day
15 because of being lost to follow-up but was in-
cluded in the pharmacodynamic evaluations. One sub-
ject (Japanese) who received 50 mg of TV-1106 was
excluded from the pharmacokinetic and pharmacody-
namic analyses because of a dosing error. A flowchart
detailing study participation is presented in Supplemen-
tal Figure S1.

Demographic and baseline characteristics were com-
parable between dose groups and between populations
groups. Mean ± SD age, weight, and BMI of Japanese
subjects were 32.6 ± 8.4 years, 63.4 ± 11.4 kg, and 23.0
± 2.7 kg/m2, respectively. Mean ± SD age, weight, and
BMI of caucasian subjects were 34.2 ± 7.7 years, 71.3
± 12.9 kg, and 24.1 ± 2.2 kg/m2, respectively. In both
populations, the majority of subjects were male (55%).

Pharmacokinetics
In both populations, TV-1106 serum concentrations in-
creased relatively slowly, with different lag times, and
in most cases reached more than a single peak prior to
declining in a multiexponential manner (Figure 1). TV-
1106 was quantifiable in all but 3 subjects (1 Japanese
and 2 caucasian) at 7.5 mg TV-1106 up to at least 72
hours. At higher doses (50 and 100 mg), the major-
ity of subjects in each population had quantifiable TV-
1106 concentrations up to 168 hours postdose. TV-1106
mean serum concentrations increased with increasing
dose tested (Table 1). Variability in TV-1106 exposure
was high, with coefficients of variation (CV%) for Cmax

and AUC parameters ranging from 25% to 154% across
both populations and all doses.Median tmax in Japanese
populations was observed 14, 10, 18, and 30 hours fol-
lowing 7.5, 15, 50, and 100 mg, respectively. Similar
observations were noted in the caucasian population,
with tmax being 12 and 30 hours at 7.5 and 100 mg, re-
spectively. Mean t1/2 ranged from approximately 26 to
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Table 1. Summary of Serum Pharmacokinetic Parameters for TV-1106 in Japanese and Caucasian Subjects

TV-1106 Dose

Population Parameter (Unit)a 7.5 mg 15 mg 50 mg 100 mg

Japanese n 8 8 7 8
Cmax (ng/mL) 50.06 (67.05) 68.16 (64.52) 1031.76 (578.84) 4516.45 (3438.02)

tmax (h) 14.00 (4.00, 18.00) 10.00 (8.00, 48.00) 18.00 (10.00, 36.00) 30.00 (16.00, 72.77)
AUC0–t (ng·h/mL) 938.01 (1445.83) 1376.15 (1062.82) 33 950.37 (28 787.01) 207 742.14 (130 678.73)

AUC0–168 (ng·h/mL)b —c 2108.71 (1074.17) 34 001.52 (28 766.35) 207 746.35 (130 690.17)
AUC0–inf (ng·h/mL)b —c 2222 (114.88) 34 299.88 (28 873.49) 210 077.27 (129 234.41)

t1/2 (h)b —c 36.02 (8.73) 30.01 (9.17) 27.85 (13.13)
CL/F (L/h)b —c 7.94 (3.31) 2.21 (1.21) 0.66 (0.37)
Vz/F (L)b —c 409 (183) 104 (71.5) 31.0 (28.4)

Caucasian n 8 8 8 8
Cmax (ng/mL) 25.70 (31.94) 70.78 (42.87) 844.73 (748.33) 3931.05 (3416.77)

tmax (h) 12.00 (6.00, 36.00) 10.00 (8.00, 36.00) 22.00 (10.00, 36.00) 30.00 (14.00, 72.33)
AUC0–t (ng·h/mL) 563.47 (566.06) 1924.16 (899.10) 20 850.25 (15 691.54) 168 944.61 (128 206.73)

AUC0–168 (ng·h/mL)d — 2281 (805.29) 20 962 (15 630.57) 168 363.58 (128 246.44)
AUC0–inf (ng·h/mL)e — 2643.29 (660.61) 21 170.02 (15 666.63) 169898.21 (125799.41)

t1/2 (h)e — 35.39 (8.20) 25.97 (3.93) 31.38 (12.65)
CL/F (L/h)e — 6.04 (1.81) 4.25 (3.17) 1.27 (1.47)
Vz/F (L)e — 301 (81) 158 (120) 65.8 (82.8)

Cmax, maximum observed concentration; tmax, time of observed maximum concentration; AUC0–t, area under the concentration–time curve from 0
to the time of the last quantifiable concentration; AUC0–168, area under the concentration–time curve from 0 to 168 hours postdose; AUC0–inf, area
under the concentration–time curve from 0 extrapolated to infinity; t1/2, terminal half-life; CL/F, apparent total body clearance; Vz/F, apparent volume
of distribution.
aParameters are presented as arithmetic mean (standard deviation) except for tmax, which is median (minimum,maximum).
bn = 3 for 7.5 mg and n = 4 for 15 mg.
cLess than 50% of the population had evaluable parameters at this dose, and hence summary statistics have not been reported.
dn = 7 for 15 mg.
en = 6 for 15 mg.

36 hours following 15, 50, and 100mg TV-1106, in both
Japanese and caucasian subjects. Only 3 Japanese sub-
jects (and no caucasian subjects) had evaluable termi-
nal phases at 7.5 mg, and hence as interpretation of the
mean t1/2 value (and other dependent variables) at this
dose should be treated with caution, the values are not
presented. Apparent clearance and volume of distribu-
tion decreased with increasing dose (15 to 100 mg) of
TV-1106 in both populations.

Visual inspection of box plots for dose-normalized
Cmax and AUC0–t versus dose indicates that peak and
total exposures of TV-1106 at the doses studied were
comparable between Japanese and caucasian subjects,
although given the high variability and small subject
numbers, the data should be interpreted with cau-
tion (Figure 2). These box plots also demonstrate
the lack of dose proportionality. TV-1106 appears
to increase more than dose proportionality across
the tested dose range. Lack of dose proportional-
ity over any region of the dose range studied (in
both populations) was also supported by exploratory
power models fitted to the log-log transformed data
(least-squares linear regression model; results not
shown).

Pharmacodynamics
IGF-1. Baseline serum concentrations of IGF-1 were

comparable across treatment groups and between pop-
ulations (Table 2).Mean± SDbaseline values across all
dose groups were 173± 37 ng/mL (Japanese) and 175±
46 ng/mL (caucasian) for IGF-1.

Dose-related increases in baseline-adjusted serum
IGF-1 concentrations were observed following TV-
1106 in both Japanese and caucasian subjects (Figure
3), with the changes at all doses being greater than
those observed in the placebo groups. Serum concen-
trations of IGF-1 increased rapidly after dosing with
maximum observed responses ultimately occurring at
approximately 48 to 96 hours (Japanese subjects) and
33 to 73 hours (caucasian subjects). After reaching a
peak, IGF-1 concentrations then slowly decreased, re-
turning to baseline values at approximately 168 hours
for the lower doses (7.5 and 15 mg) and by 336 hours
for the higher doses (50 and 100 mg).

IGF-1was also presented in SDSunits by taking into
account the age of the subject (Figure 3C). The findings
were similar to those discussed above with compara-
ble observations in both Japanese and caucasian pop-
ulations; the difference between the populations was
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Figure 2. Box plots of (A) dose-normalized serum TV-1106
maximum concentrations (Cmax) and (B) area under the serum
concentration–time curve from zero to the time of the last quan-
tifiable concentration (AUC0–t) versus dose split by population.
The boxes represent the median, 25th, and 75th percentiles. The
circles are the individual values for Japanese subjects, and the
triangles are individual values for caucasian subjects.

approximately ±0.5 SDS (by observing IGF-1 concen-
trations over time). Combined data from both pop-
ulations showed peak mean unadjusted IGF-1 serum
concentrations were approximately 1.1, 1.4, 2.8, and 3.0
SDS for the 7.5-, 15-, 50-, and 100-mg TV-1106 groups,
respectively. Peak mean unadjusted IGF-1 concentra-
tions of approximately 0.7 and 0.6 SDS were observed
in the 0.5- and 1.0-mL placebo groups, respectively.

In both populations, serums IGF-1 baseline-
adjusted mean pharmacodynamic parameters
AUEC0–t, AUEC0–168, and Emax increased with an
increase in dose, with the maximum observed mean
Emax and AUEC occurring with the 100-mg dose (Table
2). Variability in baseline-adjusted IGF-1 pharmaco-
dynamic parameters was high, although the variability
generally decreased with increasing dose of TV-1106.
Visual inspection of box plots showed comparable

Figure 3. Mean serum concentration-versus-time profiles for
baseline-adjusted insulin-like growth factor 1 (IGF-1; ng/mL) in
Japanese (A) and caucasian (B) subjects and for unadjusted IGF-
1 (SDS) in Japanese and caucasian subjects (C).

baseline-adjusted IGF-1 AUEC0–168 split by treatment
and population (Figure 4) in Japanese and caucasian
subjects with respect to the effect of TV-1106 on IGF-1.
IGFBP-3. Baseline serum concentrations of IGFBP-3

were comparable across treatment groups and between
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Figure 4. Box plots of baseline-adjusted serum insulin-like
growth factor 1 (IGF-1) area under the effect–time curve from 0
to 168 hours postdose (AUEC0–168) versus dose split by popula-
tion.The boxes represent the median,25th, and 75th percentiles.
The circles are the individual values for Japanese subjects,and the
triangles are individual values for caucasian subjects.

populations (Table 2). Mean baseline values across all
dose groups were 4.5 mg/L (Japanese) and 4.2 mg/L
(caucasian) for IGFBP-3.

Increases in baseline-adjusted serum IGFBP-3 con-
centrations were observed following TV-1106 in both
Japanese and caucasian subjects, although the differ-
ence between the lower doses was less clear than for
IGF-1 (Figure 5).

The maximum observed mean Emax and AUEC pa-
rameters for baseline-adjusted IGFBP-3 occurred fol-
lowing 100mgTV-1106 in both Japanese and caucasian
subjects (Table 2). Themean pharmacodynamic param-
eters were higher following all doses of TV-1106 com-
pared with placebo in Japanese subjects, although the
responses to 7.5 and 15mg TV-1106 were similar. In the
caucasian subjects, mean Emax and AUEC parameters
increasedwith increasing TV-1106 dose (7.5 to 100mg);
however, the values at 7.5 mg TV-1106 were lower than
those in the 0.5-mL placebo group. In general, mean
baseline-adjusted IGFBP-3 pharmacodynamic param-
eters varied between the placebo groups; in particular,
the caucasian 0.5-mL placebo group had notably higher
Emax and AUEC parameters than the caucasian 1.0-mL
placebo group and both the Japanese placebo groups
(Table 2). The higher mean baseline-adjusted param-
eters in the caucasian 0.5-mL placebo group may be
partly because of 1 subject who had a low baseline value
(2.6 mg/mL), whereas the majority of his later values
(from 14 to 336 hours) were in the 4 to 5 mg/mL range.
Subjects in the 3 other placebo groups had baseline val-
ues of 3.5 to 6 mg/mL. Variability in baseline-adjusted
IGFBP-3 pharmacodynamic parameters was high in
both Japanese and caucasian subjects, although the

Figure 5. Mean baseline-adjusted serum insulin-like growth fac-
tor binding protein 3 (IGFBP-3;mg/L) concentration versus time
for Japanese (A) and caucasian (B) subjects.

variability generally decreased with increasing dose of
TV-1106. Visual inspection of box plots showed com-
parable baseline-adjusted IGFBP-3 AUEC0–168 split by
treatment and population (Figure 6) in Japanese and
caucasian subjects.

Safety
Overall, 29 of the total 88 subjects (33%) reported ad-
verse events. A total of 24 of the 64 subjects who
received TV-1106 (38%) reported adverse events, com-
pared with 5 of the 22 subjects who received placebo
(23%).

One caucasian subject had a serious adverse event
(spontaneous abortion) following 7.5-mg TV-1106 dos-
ing, which was considered treatment-related and severe.
The subject had had a negative serum pregnancy test at
screening and a negative urine test on day -1, but had
a positive urine test on day 15. As the event occurred
after dosing, the investigator assessed the event as
related. No action was taken and the event resolved.
The subject was allowed to remain in the study. No
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Figure 6. Box plots of baseline-adjusted serum insulin-like
growth factor binding protein 3 (IGFBP-3) area under the effect–
time curve from 0 to 168 hours postdose (AUEC0–168) versus
dose split by population. The boxes represent the median, 25th,
and 75th percentiles. The circles are the individual values for
Japanese subjects, and the triangles are individual values for cau-
casian subjects.

other serious or severe adverse events were reported,
and no subjects were withdrawn from the study because
of adverse events.

Overall, 10 of 88 subjects (11%) reported at least 1
treatment-related adverse event (TRAE). Two subjects
after TV-1106 7.5mg (13%) reportedTRAEs, 3 subjects
after 15 mg TV-1106 (19%), 1 subject after TV-1106 50
mg (6%), and 3 subjects after TV-1106 100 mg (19%).
One subject after placebo 0.5 mL (6%) and no subjects
after placebo 1.0 mL reported TRAEs. The number of
subjects who reported treatment-related adverse events
was similar between the Japanese and caucasian sub-
jects (4 subjects [9%] and 6 subjects [14%], respectively).
There were no dose-related trends for adverse events (all
causes or treatment-related) for either Japanese or cau-
casian subjects.

The most commonly reported adverse event was
headache, which was reported by 4 subjects (5%; 1 in
the 50-mg TV-1106 group and 3 in the 100-mg TV-1106
group). The only other adverse events reported by more
than 1 subject were vomiting, injection-site pain, up-
per respiratory tract infection, and dizziness (2 subjects
each). The majority of adverse events were reported as
mild.

There were no clinically significant findings regard-
ing clinical laboratory assessments, ECGs, vital signs,
or other safety parameters. There was evidence of
higher mean pulse rates from 30 to 144 hours post-
dose compared with the initial 24-hour postdose pe-
riod for the 50- and 100-mg TV-1106 groups. The mean
maximum change from baseline was 10.8 and 19.0 bpm

in the 50- and 100-mg groups, respectively. The changes
were similar in Japanese and caucasian populations.

There was a trend toward increases in mean fasting
blood glucose and insulin levels after TV-1106 dosing
that was not deemed clinically meaningful, and there
was no evidence of a difference between Japanese and
caucasian subjects.

Three of the 64 TV-1106-treated subjects (4.7%)
demonstrated treatment-emergent anti-TV-1106 anti-
body response, with titers ranging from 3 to 83 (lin-
ear scale); however, all ADA-positive samples tested
negative for neutralizing antibody activity. Follow-up
samples were collected from 2 patients approximately
3 months after dosing. One patient tested negative; the
other showed a titer decrease from 83 to 18. No neu-
tralizing activity was observed for the ADA-positive
follow-up sample.

Discussion
TV-1106 is a long-acting rhGH being developed as
a subcutaneously administered long-acting therapy to
provide a safe and effective alternative for hormone re-
placement therapy in adult and pediatric patients with
GHD. Presumably, a long-acting nature and predicted
less frequent administration regimen will lead to im-
proved patient compliance and an enhanced quality
of life for patients requiring GH replacement ther-
apy. The primary aim of this study was to evaluate
the pharmacokinetics and pharmacodynamics of TV-
1106 in healthy Japanese and caucasian subjects. Safety
and tolerability of TV-1106 were also assessed in both
populations.

The pharmacokinetics of TV-1106 were generally
comparable between the caucasian and Japanese pop-
ulations and were characterized by relatively slow in-
creases in systemic exposure, with delayed peak serum
concentrations. Multiple peaks were commonly ob-
served in both populations, particularly in the first 24–
48 hours. The reason for the multiple peaks is not
known, but it is considered likely to be because of fluc-
tuations in absorption of the liquid formulation from
the subcutaneous injection site.

Serum TV-1106 concentrations were detectable for
approximately 3 to 6 days at doses up to 15 mg, and for
up to 1 week following doses of 50 to 100 mg. Dose
proportionality was not observed over any region of
the dose range studied in both populations. TV-1106
exposure appeared to increase more than dose pro-
portionality, and this observation was also supported
by exploratory power models. It should be noted,
though, that the studywas not powered for this analysis.
The supraproportionality has also been observed with
other long-acting rhGHs.8 Apparent clearance and vol-
ume of distribution decreased with increasing dose of
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TV-1106 in both populations. The TV-1106 population
PK model (unpublished data) with nonlinear elimina-
tion was found to describe the data adequately. Thus,
the model suggests that the dose-dependent changes in
exposures are linked to saturable elimination, but the
mechanism for this observation is still unknown. The
clinical and therapeutic implications of the non–dose
proportionality of TV-1106 PK should be taken into
account from a safety point of view; the current rec-
ommendations in clinical practice for GH replacement
(may apply to TV-1106 treatment) is that a lower start-
ing dose should be employed and that IGF-1 SDS level
is used as the biomarker to guide dose titration for pa-
tients with GHD receiving GH replacement.

The long-circulating concentrations of TV-1106 in-
dicate that a reduced frequency of injections (compared
with daily injections) may be feasible in GHD patients.
Indeed, the terminal t1/2 was generally in the range of
26 to 36 hours at 15 to 100 mg. These t1/2 values are
consistent with those observed with other long-acting
rhGHs designed for once-weekly dosing.8–12

The pharmacodynamic properties of TV-1106 were
assessed by investigation of IGF-1 and IGFBP-3,
which are accepted pharmacodynamic markers of GH
activity.13–15 IGF-1 mediates the effect of endogenous
GH, and it is primarily bound to IGFBP-3, which plays
an important role in controlling the bioavailability and
action of IGF-1.16

IGF-1 serum concentrations increased rapidly in
both Japanese and caucasian populations, with maxi-
mum concentrations observed 1.5 to 4 days after TV-
1106 dosing. The IGF-1 response then decreased slowly
in both populations, returning to baseline values within
approximately 1 week for the lower doses and within
2 weeks for the higher doses. A similar profile was ob-
served when IGF-1 was expressed as SDS units, with
comparable changes observed between the Japanese
and caucasian populations. The difference between the
Japanese and caucasian populations (±0.5 SDS) was
similar to the magnitude of changes seen in the placebo
groups (0.6 to 0.7 SDS), suggesting that any differ-
ences may be because of the inherent variability of the
endogenous compound. In addition, the variability is
consistent with the day-to-day intrapatient variability
observed in week 12 in IGF-1 SDS data in patients
treated with daily Genotropin (Pfizer) in a phase 2
study in adults with GHD. In this phase 2 study, pa-
tients with confirmed GHD and experienced users of
rhGH were titrated to an IGF-1 SDS level of ±0.5
of their individual prewashout value over a period of
12 weeks, during which 1 of the treatment arms was
daily Genotropin (data on file, Teva Pharmaceutical
Industries).

In general, IGFBP-3 also showed changes sim-
ilar to IGF-1, with maximum baseline-adjusted

concentrations observed 2 to 4.5 days after TV-1106
dosing. As for IGF-1, the IGFBP-3 response decreased
slowly in both populations, returning to baseline values
within approximately 1 week for the lower doses and
2 weeks for the higher doses. The IGFBP-3 response
was comparable between the Japanese and caucasian
populations.

For both IGF-1 and IGFBP-3, the data were vari-
able across all TV-1106 dose groups and populations
and within the placebo groups. The changes observed
in IGF-1 and IGFBP-3 in the placebo groups may
suggest inherent endogenous variability, or there may
be some degree of placebo effect.6,17 Despite the vari-
ability, overall dose-related increases in both IGF-1
and IGFBP-3 were observed following TV-1106 dos-
ing, with the greatest effects observed at the highest
dose (100 mg) with mean IGF-1 concentrations up to
+3.1 SDS. It should be noted that the IGF-1 levels at
the higher doses (50 and 100 mg) were beyond the de-
sired normal IGF-1 level (+2.0 SDS). The high levels
of IGF-1 were detected in healthy subjects with normal
physiologic baseline levels of GH who were adminis-
tered exogenous GH and are therefore not likely to be
relevant to GH-deficient patients when the therapeutic
goal is to restore a normal physiologic GH level (-2.0 to
+2.0 SDS).

In both populations it was noted that the pharmaco-
dynamic effects peaked later than the serum TV-1106
concentrations and that the decline in the pharmaco-
dynamic response was slower than the decline in TV-
1106 concentrations. In addition, the multiple peaks
observed in the TV-1106 serum concentrations were not
observed in the pharmacodynamic parameters. These
data suggest that there is a delayed effect between TV-
1106 and IGF-1. A delayed effect between TV-1106 and
IGF-1 levels has also been reported following the first
week of dosing of TV-1106 inmonkeys during a 4-week
study of once-weekly dosing. TV-1106 peak concentra-
tions were approximately 24 hours postdosing, whereas
IGF-1 levels peaked on day 5 after the 5 mg/kg dose of
TV-1106 and on day 8 after the 10 and 20 mg/kg doses
(data on file, Teva Pharmaceutical Industries).

TV-1106 appeared to be safe in both populations.
The only notable safety findings were mild changes in
heart rate at the higher TV-1106 doses and mild in-
creases in fasting blood glucose and insulin values, none
of which were considered clinically relevant. Changes
in glucose and insulin have also been noted with other
rhGH compounds.9,18 The changes in heart rate at the
higher doses (50 and 100 mg) are likely attributable to
increasing the circulating levels of IGF-1, which in turn
increases heart rate. A similar observation was detected
in a phase 1 single ascending-dose (SAD) study with 3-
to 100-mg doses of TV-1106. A dedicated exploratory
analysis assessing the relationship between heart rate
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and IGF-1 level suggested that higher doses of TV-1106
may indirectly affect heart rate in healthy subjects by in-
creasing the circulating levels of IGF-1, which in turn
increases heart rate.6,7

The immunogenic response to TV-1106 was in-
vestigated. Similar to the phase 1 SAD study con-
ducted with TV-1106,6 3 of the 64 TV-1106-treated
subjects demonstrated treatment-emergent TV-1106
antibody response, with no observed neutralizing ac-
tivity. ADAs have also been observed with other rhGH
compounds.18

Conclusions
Overall, the data from this study suggest that there is
no evidence of a difference between Japanese and cau-
casian populations in the pharmacokinetics or pharma-
codynamics of TV-1106. In addition, the data further
demonstrate the long-actingGHproperties of TV-1106
and support its potential for once-weekly treatment of
patients with GH deficiency.
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