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Abstract

Background and Objective Ustekinumab, a human
immunoglobulin G1 kappa (IgGlx) monoclonal antibody
against interleukin-12/23p40, has been reported to be sig-
nificantly efficacious in treating patients with moderate-to-
severe plaque psoriasis. Although the efficacy and safety of
ustekinumab have been previously studied in Asian
patients with psoriasis, the pharmacokinetics of us-
tekinumab has not been reported for Asian patients. The
objective of this analysis was to compare the pharmaco-
kinetics of ustekinumab in Chinese and non-Chinese
subjects.

Subjects and Methods Two Phase 1, open-label, single-
period, inpatient/outpatient studies were conducted to eval-
uate the pharmacokinetics of ustekinumab following a single
subcutaneous (SC) injection. In Study 1, non-Chinese heal-
thy male subjects (n = 31) received a single SC injection of
ustekinumab 90 mg. In Study 2, Chinese healthy male sub-
jects (n = 24) were randomized (1:1) to receive a single SC
injection of ustekinumab 45 mg or 90 mg. Serum ustek-
inumab concentrations were measured using validated
immunoassays. The pharmacokinetic parameters were cal-
culated using non-compartmental analyses. After data col-
lection, a linear mixed model approach was used to compare
the log-transformed maximum observed serum concentra-
tion (Cp.x) and area under the serum concentration—time
curves (AUCs) generated from the 90-mg dose groups in the
two studies. The ratios of the geometric means of the C .«
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and AUCs in Chinese subjects (Test) to those in non-Chinese
subjects (Reference) along with the 90 % confidence inter-
vals (CIs) were calculated.

Results  The mean body weight was 80.3 kg in non-Chinese
(Caucasian: 77.4 %; black: 12.9 %; Asian: 0.0 %; other:
9.7 %) and 65.7 kg in Chinese subjects, with an overall mean
of 74 kg. Across studies and dose groups, the median time
corresponding to the C,.x (tnax) Was 4.0-8.5 days, the mean
terminal half-life (t,,) was approximately 3 weeks, and the
mean apparent volume of distribution based on the terminal
phase (V,/F) was 80.3-97.3 mL/kg. In the 90-mg groups,
mean exposure parameters of ustekinumab were 1.1- to 1.3-
fold higher in Chinese versus non-Chinese subjects. How-
ever, exposure parameters were not significantly different
between the two study populations when individual param-
eters were adjusted to a subject weighing 74 kg: the 90 % Cls
of the geometric mean ratios (Chinese versus non-Chinese)
for weight-adjusted C,,,.x, AUC from time zero to time of last
measurable concentration (AUC,,y), and AUC from time
zero to infinity (AUC,,) were (0.76-1.09), (0.85-1.16) and
(0.88-1.22), respectively. Ustekinumab was generally
well tolerated, with no unexpected adverse events; one
subject (non-Chinese) developed anti-drug antibodies to
ustekinumab.

Conclusion The pharmacokinetics of ustekinumab were
comparable between Chinese and non-Chinese healthy
male subjects when exposure parameters were adjusted by
subject body weight.

Clinical Trial Registration Study 1, conducted with non-
Chinese subjects (March—July 2006), was completed
before the 7th revision of the Declaration of Helsinki and
was therefore exempt from registration under the existing
guidelines. The clinical trial registration number for Study
2, conducted with Chinese subjects (October 2009-June
2010), is NCT01081704.
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1 Introduction

Interleukin (IL)-12 and IL-23 are key cytokines in the
pathogenesis of psoriasis [1, 2]. Treatment with uste-
kinumab, a human immunoglobulin G1 kappa (IgGlx)
monoclonal antibody (mAb) that binds to the p40 subunit
common to IL-12 and -23, has demonstrated significant
efficacy in treating patients with moderate-to-severe plaque
psoriasis [3-7]. Currently, ustekinumab has been approved
in the USA, the EU, Japan and many other countries for the
treatment of adult patients (18 years or older) with mod-
erate-to-severe plaque psoriasis who are candidates for
phototherapy or systemic therapy.

The pharmacokinetic properties of ustekinumab have
been characterized in population pharmacokinetic analyses
using data from global Phase 2-3 trials in patients with
psoriasis [8] or psoriatic arthritis (PsA) [9]. Systemic
exposure to ustekinumab was reported to be associated
with efficacy in patients with psoriasis [10, 11]. Although
the efficacy and safety of ustekinumab have been studied in
Asian patients with psoriasis [12, 13], the pharmacokinetics
of ustekinumab has not been reported for Asian subjects. A
bridging pharmacokinetic study in Chinese subjects was
required by the State Food and Drug Administration
(SFDA) of China for a local new drug application. The
objective of the current analysis was to assess the phar-
macokinetics of ustekinumab in a Phase 1 study in healthy
Chinese male subjects and to compare these findings with
those obtained from a previous Phase 1 study in healthy
non-Chinese male subjects. In addition, tolerability was
monitored and immunogenicity was assessed in these two
studies.

2 Subjects and Methods
2.1 Study Designs
2.1.1 Study I (Non-Chinese)

This was a Phase 1, single-centre, open-label, single-dose,
inpatient/outpatient study conducted at PRACS Institute,
Ltd. (Fargo, ND, USA) from March 2006 to July 2006. In
this study, healthy adult male subjects (non-Chinese;
mostly Caucasian and black) received a single subcutane-
ous (SC) injection of ustekinumab 90 mg. Approximately
30 subjects were planned to be enrolled into the study such
that at least 24 subjects were to complete the study. The
total duration of subject participation was up to 16 weeks,
including a screening visit up to 30 days prior to injection,
an inpatient period in the study unit from 1 day before to
14 days after injection, and an outpatient period during
which subjects returned to the study unit for scheduled
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visits from 17 days through 84 days (12 weeks) after
injection. The study protocol and amendments were
reviewed and approved by the Institutional Review Board,
Inc., PRACS Institute, Ltd.

2.1.2 Study 2 (Chinese)

This was a Phase 1, single-centre, randomized, parallel,
open-label, single-dose, inpatient/outpatient study con-
ducted at Peking University First Hospital (PUFH)
[Beijing, China] from October 2009 to June 2010. In this
study, healthy Chinese male subjects were randomly
assigned in a 1:1 ratio to receive a single SC injection of
ustekinumab 45 mg or 90 mg. At least 12 subjects per
group were planned to be enrolled into the study such that
at least eight subjects per group were to complete the study.
The total duration of subject participation was up to
16 weeks, including a screening visit up to 30 days prior to
injection, an inpatient period consisting of 5 consecutive
nights/6 days in the study unit from 1 day before to 4 days
after injection, and an outpatient period during which
subjects returned to the study unit for scheduled visits from
5 days through 84 days (12 weeks) after injection. The
study protocol and amendments were reviewed and
approved by the Ethics Committee of PUFH.

Treatment compliance was monitored by the study site
personnel. Site personnel administered the study agent and
recorded injection date and time on the case report form
(CRF). All CRFs were to be overseen by the site monitors
designated by the sponsor: PRA International (Raleigh,
NC, USA) for Study 1 and Quintiles (Shanghai, China) for
Study 2. During these visits, all procedures were evaluated
for compliance with the protocol. Both studies were con-
ducted in accordance with applicable laws and regulations,
the current International Conference on Harmonisation
guidelines for Good Clinical Practices (http://www.ich.org),
and the principles of the Declaration of Helsinki [14].

2.2 Subjects

In both studies, healthy male subjects aged 18-45 years
with a body weight of 60-90 kg were eligible. In Study 1,
only subjects who lived in the USA were enrolled. In Study
2, however, only subjects who lived in China and had
Chinese ancestry were enrolled.

During the screening period, subjects must not have had
any clinically relevant abnormalities, which were deter-
mined by medical history, physical examination, blood
chemistry, complete blood count (CBC), urinalysis, vital
signs, chest radiograph and electrocardiogram (ECG).
Subjects must have had no history of latent or active
tuberculosis (TB) prior to screening; had no signs or
symptoms suggestive of active TB upon review of the
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medical history and/or physical examination; had no recent
close contact with a person with active TB; had a negative
tuberculin skin test result (Study 1) or had both a negative
tuberculin skin test and a negative QuantiFERON®-TB
Gold test (Study 2) within 30 days prior to injection; and
had a chest radiograph (both posterior—anterior and lateral
views) taken within 3 months prior to injection with no
evidence of current active TB or old inactive TB. Subjects
with any malignancy, history of malignancies, history of
latent or active granulomatous infections, recent non-
tuberculous mycobacterial infections, or opportunistic
infections were not eligible. All subjects were informed
about the nature and purpose of the study, participation/
termination conditions, and risks and benefits of treatment.
Subjects provided written informed consent before any
protocol-specific procedures were undertaken.

Any prescription, over-the-counter, herbal or natural
medications were prohibited during the 14 days prior to
injection and through completion of the studies, with the
exception of paracetamol (acetaminophen) or pre-existing
multivitamins that could be used at recommended doses.
Subjects could not receive any live virus or bacterial vac-
cinations within 30 days before screening or during the
trials.

2.3 Dosage and Administration

Ustekinumab was supplied as a sterile solution in either a
single-use 2-mL type-I glass vial (Study 1) or a single-use
1-mL prefilled syringe (Study 2). It was administered via
SC injection into the abdominal area. Both the vial and
prefilled-syringe products have been approved by the US
Food and Drug Administration (FDA) and European
Medicines Agency for human use at two dose strengths:
45 mg in 0.5 mL or 90 mg in 1 mL.

2.4 Sample Collections

In both studies, blood samples of >5 mL each were col-
lected from the antecubital vein via direct venipuncture or
indwelling catheter into a serum separator tube at 1h
before injection, 12 h after injection, and also at 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 17, 21, 28, 35, 42, 49, 56,
63, 70 and 84 days (12 weeks) after injection for measur-
ing serum ustekinumab concentrations. Blood samples
collected at 1 h before injection and 84 days after injection
were also evaluated for the presence of anti-drug antibodies
(ADAs) in serum. Subjects who terminated study partici-
pation early had their last blood samples collected at the
termination visits. The tubes were gently inverted 5-6
times to afford mixing with the polymer gel and silica clot
activator before processing. The blood samples were
allowed to clot at room temperature for approximately

30 min and centrifuged at room temperature (minimum
1,500xg) for 15-20 min. All separated sera were trans-
ferred immediately with a clean, disposable glass or
polyethylene pipette into pre-labeled storage tubes (1.8-mL
NUNC™ Cryovial™ with skirted bottom) with approxi-
mately 1 mL of serum in each tube. Serum samples were
stored in an upright position at approximately —20 °C or
below in non-automatically defrosting freezers. Samples
were kept frozen during shipping to the study sponsor’s
clinical pharmacology laboratory (Radnor, PA, USA) for
bioanalyses.

2.5 Bioanalytical Methods

In Study 1, serum ustekinumab concentrations were
quantified using a validated enzyme-linked immunosorbent
assay (ELISA). The lowest quantifiable concentration in a
sample for this ELISA was 0.0844 pg/mL [lower limit of
quantification (LLOQ) of 0.00844 pg/mL multiplied by the
minimum required 1:10 dilution]. Inclusive of all calibra-
tion standards, the mean inter-assay accuracy (% relative
error) was 91.1-101.8 % and the mean inter-assay preci-
sion (% coefficient of variation) was 2.9-12.1 %. Inclusive
of all three quality control (QC) samples, the mean intra-
assay precision ranged from 4.7 to 7.1 %, the mean inter-
assay accuracy ranged from 84.4 to 101.1 %, the mean
inter-assay precision ranged from 3.7 to 11.3 %, and the
total error (mean inter-assay accuracy plus mean inter-
assay precision) ranged from 4.8 to 26.9 %. In Study 2,
serum ustekinumab concentrations were measured using a
validated electrochemiluminescent immunoassay (ECLIA).
The lowest quantifiable concentration in a sample for this
ECLIA was 0.1688 pg/mL (LLOQ of 0.01688 pg/mL
multiplied by the minimum required 1:10 dilution). Inclu-
sive of all calibration standards, the mean inter-assay
accuracy ranged from 96.3 to 102.1 % and the mean inter-
assay precision ranged from 2.3 to 5.3 %. Inclusive of all
five QC samples, the mean intra-assay precision ranged
from 2.6 to 9.5 %; the mean inter-assay accuracy ranged
from 84.7 to 100.9 %; the mean inter-assay precision
ranged from 6.7 to 8.9 %; and the total error ranged from
7.6 to 24.2 %. The ELISA and ECLIA assays were cross-
validated to ensure the obtained data were reliable and
could be compared.

In both studies, the presence of ADAs was determined
using a validated bridging enzyme immunoassay [15] with
a sensitivity of 24 ng/mL at a minimum required 1:10
dilution. The accuracy was 94.9 and 99.0 %, respectively,
for the 2.4 and 312.5 ng/mL positive-control concentra-
tions. The intra-assay precision was 5.3 % for the human-
positive and 17.5 % for the human-negative serum pools.
The inter-assay precision was 14.1 % for the human-posi-
tive and 18.4 % for the human-negative serum pools.
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2.6 Pharmacokinetic Analyses

The pharmacokinetic parameters of ustekinumab were
calculated using non-compartmental analyses [16]
implemented in WinNonlin® Enterprise (Version 5.2.1,
Pharsight Corporation, Mountain View, CA, USA). All
calculations were based on actual sampling times. For
estimation of pharmacokinetic parameters, serum uste-
kinumab concentrations below the lowest quantifiable
concentration were assigned a value of zero if they
preceded the first quantifiable sample in the profile. Any
other values below the lowest quantifiable concentration
were set to missing. If any individual concentration value
was deemed to be anomalous, and a clear justification
could be provided, the anomalous data point could be
excluded from pharmacokinetic analyses. The derived
pharmacokinetic parameters included the maximum
observed serum concentration (C,,,,); time to reach C, .
(tmax); area under the serum concentration versus time
curve from time zero to time of last measurable con-
centration (AUC,y); AUC from time zero to infinity
(AUC,,); terminal half-life (t.,); apparent clearance (CL/F);
and apparent volume of distribution based on the terminal
phase (V,/F). The terminal rate constant associated with the
terminal portion of the serum concentration versus time
curve (A,) was determined by a least-squared regression
analysis of the log-linear portion of the terminal phase
(including at least three timepoints) with a coefficient of
determination (Rz) value of at least 0.90, a goodness of fit
criterion.

The t,, was calculated as In(2)/A,. The AUC,; was
calculated using a combination of linear and logarithmic
trapezoidal methods: the linear trapezoidal rule was
employed before the C,.., and the logarithmic trape-
zoidal rule was used after the C,,.. The AUC_,, value
was determined as AUC i + Ciasi/A,, Where Cin rep-
resents the last measurable serum concentration of uste-
kinumab. In addition, in order to have an accurate
estimation of the AUC,., value, the extrapolated AUC
after the Cj,, must not exceed 20 % of the AUC_, value.
Some or all of the specified pharmacokinetic parameters
were not evaluable for subjects who discontinued early
and did not have fully characterized concentration—time
profiles of ustekinumab.

Body weight-adjusted serum ustekinumab concentra-
tions and exposure parameters (C,.x and AUCs) were
obtained using the following equation:

weight-adjusted value = original value X (WTindividual/ W Timean)
where WT;,giviqual Tepresents the body weight of an indi-

vidual subject and WT,,.., represents the mean body
weight of the two study populations.
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2.7 Statistical Analyses

Descriptive statistics were used to summarize serum uste-
kinumab concentrations at each scheduled sampling time-
point. Concentrations below the lowest quantifiable
concentration were assigned a value of zero for the purpose
of computing descriptive statistics. Missing data remained
missing, and no data imputations were performed.
Descriptive statistics were also used to summarize the
derived pharmacokinetic parameters of ustekinumab.

No formal hypothesis testing was planned in either
study, and, therefore, no formal sample size determination
was performed. In this cross-study comparison, a linear
mixed model approach (SAS 9.1, SAS Institute Inc., Cary,
NC, USA) was used to compare the log-transformed
exposure parameters, C,., and AUCs (either the original or
body weight-adjusted values) generated from the 90-mg
dose groups in the two studies. The ratios of the geometric
means of the C,,x and AUCs in Chinese subjects (Test) to
those in non-Chinese subjects (Reference) along with the
90 % parametric confidence intervals (CIs) were calcu-
lated. According to the criteria specified by the SFDA of
China [17, 18], the comparability of the pharmacokinetics
of ustekinumab between the two study populations could
be concluded if the 90 % CI for the ratio of the geometric
means for AUCs was within the range of 0.80—1.25 and the
90 % CI for the ratio of the geometric means for C,,,x was
within the range of 0.70-1.43. The t.,, values between
Chinese and non-Chinese subjects were also compared
using a two-sided Student’s z-test at a statistical signifi-
cance level o = 0.05. The t, of ustekinumab was assumed
to be dose-independent, and all individual t,, values gen-
erated from both dose groups (45 mg and 90 mg) in Study
2 (Chinese) were used in the statistical comparison.

2.8 Immunogenicity Assessment

Subjects were classified as having a positive ADA status if
ADAs were detected in the sample evaluated after expo-
sure to ustekinumab. If ADAs were not detected in the
sample evaluated after exposure to ustekinumab, subjects
were classified as having a negative ADA status.

2.9 Safety and Tolerability Assessments

In both studies, subjects were monitored for type, incidence
and severity of any AEs and serious AEs (SAEs) that
occurred throughout the study period. The severity of each
AE was graded by investigators as mild, moderate or severe,
and the relationship between the AEs and the study agent
was indicated by investigators (with the possibility from
low to high) as not related, unlikely/doubtfully related,
possibly related, probably related, or very likely/definitely
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Fig. 1 Subject disposition in
Study 1 [non-Chinese (a)] and a
Study 2 [Chinese (b)]

Subjects screened
(n=85)
I
Subjects treated
(ustekinumab 90 mg)
(n=31)

1

5 subjects discontinued
- 2 withdrew consent
- 2 prohibited concomitant medication
- 1 protocol violation

Completed follow-up
(n=26)

Subjects screened
(n=102)
I

Subjects treated
(n=24)

(n=12)

Ustekinumab 45 mg

Ustekinumab 90 mg
(n=12)
[

Completed follow-up
(n=12)

Discontinued study

Completed follow-up Discontinued study
(n=12) (n=0)

(n=0)

related. AEs of special interest included bacterial (espe-
cially TB), viral and fungal infections, malignancies and
hypersensitivity reactions (including angioedema and pos-
sible anaphylaxis). Other tolerability assessments included
clinical laboratory tests (e.g., routine haematology, bio-
chemistry, immunology and urinalysis measurements, and
TB tests), physical examinations, ECG measurements and
vital signs (sitting systolic and diastolic blood pressure,
heart rate and oral temperature after a minimum of
approximately 5 min of rest). Measurements of vital signs
were performed at screening, check-in (1 day before
injection), within 1 h before injection, and at 1, 7, 14, 42
and 84 days (12 weeks) after injection in Study 1 or at 4, 7,
42 and 84 days (12 weeks) after injection in Study 2.

3 Results
3.1 Study Subjects

In Study 1, a total of 31 healthy non-Chinese (Caucasian:
77.4 %; black: 12.9 %; Asian: 0.0 %; other: 9.7 %)
male subjects, with a mean age of 24.6 years (range
1943 years), received a single dose of ustekinumab
90 mg. Among these, 26 completed the study through
84 days (12 weeks), and five subjects discontinued early
due to reasons unrelated to AEs (two subjects withdrew
consent to continue participation in the study, two subjects

were discharged for using unacceptable concomitant
medications, and one subject discontinued the study due to
a deviation from the protocol-specified procedures)
(Fig. 1a). In Study 2, a total of 24 healthy Chinese male
subjects, with a mean age of 25.1 years (range 18-43
years), received a single dose of ustekinumab 45 mg
(n = 12) or 90 mg (n = 12) (Fig. 1b). All of the 24 sub-
jects completed the study through 84 days (12 weeks).

Although the weight inclusion criterion (60-90 kg) was
the same in both studies, the mean weight and body mass
index (BMI) were significantly lower in Study 2 (Chinese)
than in Study 1 (non-Chinese) (65.7 vs. 80.3 kg and 22.4
vs. 26.3 kg/mz; p < 0.001 for both; Table 1). The overall
mean body weight was 74.1 kg in the combined study
population. Most of the Chinese subjects (23/24, 95.8 %)
weighed <74 kg, while most of the non-Chinese subjects
(25/31, 80.6 %) weighed >74 kg.

3.2 Pharmacokinetics

The mean [standard deviation (SD)] serum concentration—
time profiles of ustekinumab 45 mg and 90 mg following a
single SC injection are presented in Fig. 2. The mean
serum ustekinumab concentrations peaked approximately
4-7 days after injection and then declined in an apparently
mono-exponential manner through the end of the studies.
Within Study 2, serum ustekinumab concentrations
increased in an approximately dose-proportional manner at
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Table 1 Subject demographics and baseline characteristics in two
Phase 1 studies

Demographic Study 1 (non-Chinese)  Study 2 (Chinese)
Number of subjects 31 24
Sex, n (%)
Male 31 (100.0) 24 (100.0)
Age, years
Mean + SD 246 £ 4.8 251 +£52
Range 19.0-43.0 18.0-43.0
Race, n (%)
Asian 0 (0.0 24 (100.0)
Caucasian 24 (77.4) 0 (0.0)
Black 4 (12.9) 0 (0.0)
Other 3.7 0 (0.0)
Weight, kg
Mean + SD* 803 £ 7.6 65.7 £ 4.2
Range 61.3-94.9 61.0-76.0
Weight category, n (%)
<74 kg 6 (19.4) 23 (95.8)
>74 kg 25 (80.6) 14.2)
BMI, kg/m?
Mean + SD 263 +2.3 224 + 1.5
Range 22.5-30.3 20.0-25.7

BMI body mass index, SD standard deviation

* The overall mean body weight was 74.1 kg in the combined study
populations

each sampling timepoint: a 2.0-fold increase in dose from
45 mg to 90 mg resulted in an average 2.0-fold (range 1.7- to
2.4-fold) increase in mean serum ustekinumab concentra-
tions. Between studies, however, the mean serum us-
tekinumab concentrations at each sampling timepoint
appeared to be approximately 1.3-fold higher (range 1.0- to
1.7-fold) for Chinese subjects in the 90-mg group than those
for non-Chinese subjects who received the 90-mg dose.

Among the 31 subjects enrolled in Study 1, 30 had
evaluable samples for Cp.x and t;.x, 29 had samples
evaluable for AUC,,, and 23 had evaluable samples for all
other pharmacokinetic parameters; all 24 subjects in Study
2 had samples evaluable for all pharmacokinetic parame-
ters (Table 2). After a single SC injection of 45 mg or
90 mg, ustekinumab was absorbed into the systemic cir-
culation with a median t,,, ranging from 4.0 to 8.5 days
(overall median t,, = 7.0 days). The individual t;.y
values ranged from 3.0 to 28.0 days in the 45-mg group in
Study 2 and from 3.0 to 17.0 days in the two 90-mg groups.
Ustekinumab was eliminated from the circulation with an
overall mean t,, of approximately 3 weeks. The mean V,/F
values ranged from 80.3 to 97.3 mL/kg.

The data suggested linear pharmacokinetics of
ustekinumab following a single SC injection at the dose
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Fig. 2 Mean (standard deviation) serum concentration—time profiles
of ustekinumab following a single 45-mg or 90-mg subcutaneous
injection in healthy Chinese and non-Chinese male subjects. Normal
scale (a); semilog scale (b)

levels studied. In Study 2, the systemic exposure (C,,,x and
AUCs) increased in an approximately dose-proportional
manner while CL/F, V,/F and t,, appeared to be dose
independent. However, the systemic exposure (mean C,.x
and AUCs) of ustekinumab 90 mg was approximately 1.1-
to 1.3-fold higher in Chinese subjects than in non-Chinese
subjects (Table 2).

3.3 Statistical Comparisons

The systemic exposure (C,,x and AUCs) of ustekinumab
appeared to be associated with subject body weight with a
trend toward lower systemic exposure in subjects with
higher body weight (Fig. 3). The AUC; and AUC,.
values were statistically higher in Chinese subjects who
received the 90-mg dose compared with non-Chinese
subjects who received the 90-mg dose. The geometric
mean ratios (90 % CI) for AUC,,, and AUC,, in Chinese
versus non-Chinese subjects were 1.24 (1.04-1.48) and
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Table 2 Pharmacokinetic parameters of ustekinumab following a
single 45 mg or 90 mg subcutaneous injection in healthy Chinese and
non-Chinese male subjects

Parameter Study 1 Study 2 (Chinese)
(non-Chinese)
90 mg 45 mg 90 mg

Number of subjects ~ 31* 12 12
Crnax, Hg/mL

Mean + SD 149 £49 7.6 £ 1.8 164 £ 4.0

Range 7.7-23.8 4.6-10.9 8.0-24.3
tmax, days

Median® 8.5 5.5 4.0

Range 4.0-17.0 3.0-28.0 3.0-11.0
AUC,,, png-day/mL

Mean + SD 395 £ 132 242 + 44 472 + 86

Range 145-801 173-332 269-565
AUC,,, pg-day/mL

Mean + SD 400 + 123 261 + 53 510 £ 105

Range 149-681 184-376 282-653
ti,, days

Mean + SD° 224 4+ 7.0 214 + 42 217 £ 4.5

Range 9.8-35.4 14.5-30.0 13.4-30.4
CL/F, mL/day/kg

Mean + SD 31+ 1.1 2.7+0.5 29+ 0.7

Range 2.0-7.0 1.9-35 2.1-4.6
V./F, mL/kg

Mean + SD 97.3 £ 30.3 803 £ 11.5 86.9 £+ 13.1

Range 38.1-155.1 64.1-98.4 69.8-118.8

AUC area under the serum concentration versus time curve,
AUC,,s; AUC from time zero to time of last measurable concentration,
AUC,, AUC from time zero to infinity, CL/F apparent clearance,
C,..x maximum observed serum concentration, SD standard deviation,
ty, terminal half-life, ¢,,,, time to reach C,,,x, V./F apparent volume of
distribution based on the terminal phase

4 Among 31 subjects enrolled, 30 subjects were evaluable for Cy.,
and t..; 29 subjects were evaluable for AUC,,; and 23 subjects
were evaluable for all other pharmacokinetic parameters. Evaluable
subjects were defined as subjects (i) who had sufficient blood samples
that permitted an accurate estimation of the pharmacokinetic
parameters; (ii) whose extrapolated AUC, did not exceed 20 % of
AUC,; and (iii)) who had a well characterized terminal phase
(R? > 0.90) in the concentration—time profile

® The overall median tmax Was 7.0 days (n = 54) across dose groups
in the combined study populations

¢ The overall mean t, was 22.0 days (n = 47) across dose groups in
the combined study populations

1.31 (1.09-1.58), respectively, the upper bounds of which
were all outside the comparability acceptance interval of
0.80-1.25. The geometric mean ratio (90 % CI) for C,,x in
Chinese versus non-Chinese subjects was 1.13 (0.94-1.36),
which was within the comparability acceptance interval of
0.70-1.43 [17, 18].
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Fig. 3 Individual systemic exposure [C..x (a), AUC, (b), and

AUC,, (¢)] versus body weight in the 90-mg groups in healthy
Chinese and non-Chinese male subjects. AUC area under the serum
concentration versus time curve, AUC,, AUC from time zero to
infinity, AUC},;, AUC from time zero to time of last measurable
concentration, C,,,, maximum observed serum concentration

Serum ustekinumab concentrations in the 90-mg groups
appeared to be comparable between the two study popu-
lations when individual serum concentrations were adjus-
ted to a subject with a weight of 74 kg, which was the
overall mean body weight of the combined study popula-
tion (Fig. 4).

Individual exposure parameters were also adjusted to a
subject with a weight of 74 kg. The log-transformed
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Fig. 4 Mean (standard deviation) body-weight adjusted serum
concentration—time profiles of ustekinumab following a single
90-mg subcutaneous injection in healthy Chinese and non-Chinese
male subjects. Normal scale (a); semilog scale (b)

weight-adjusted C,.x and AUC values were approximately
normally distributed. The distribution of the weight-
adjusted exposure parameters overlapped between the two
study populations (Fig. 5). Specifically, the ratios of geo-
metric means of the weight-adjusted AUC,,,, and AUC,,
were both around 1 (0.99 and 1.04, respectively), and the
90 % Cls of the geometric mean ratios (0.85-1.16 and
0.88-1.22, respectively) were all within the stringent
comparability acceptance interval of 0.80-1.25 (Table 3).
Although the lower bound of the 90 % CI for the geometric
mean ratio of weight-adjusted C,,.x fell slightly below
0.80, it was still within the less stringent comparability
acceptance interval of 0.70-1.43 for C,,,x specified by the
SFDA of China [17, 18]. The totality of these results
suggests that the systemic exposure of ustekinumab was
statistically comparable between Chinese and non-Chinese
healthy male subjects when adjusted by subject body
weight.

In addition, the t,, values were approximately normally
distributed. The mean (SD) t,, values were 21.6 (4.3) days
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represent the bounds of 1.5 times the interquartile range; and the open
circles represent the outlier values. AUC area under the serum
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in Chinese subjects (n = 24) and 22.4 (7.0) days in
non-Chinese subjects (n = 23) and were not significantly
different (p > 0.05).
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Table 3 Statistical comparison of weight-adjusted exposure parameters of ustekinumab following a single 90-mg subcutaneous injection in

healthy Chinese and non-Chinese male subjects

Parameter® Study 2 (Chinese) [Test]® Study 1 (non-Chinese) [Reference]® Ratio of geometric means 90 % confidence interval
Cinax» Hg/mL 13.9 (12) 15.3 (30) 0.91 0.76-1.09
AUC 5, pg-day/mL 403.2 (12) 405.6 (29) 0.99 0.85-1.16
AUC,,, pg-day/mL  434.1 (12) 417.6 (23) 1.04 0.88-1.22

AUC area under the serum concentration versus time curve, AUC;,,; AUC from time zero to time of last measurable concentration, AUC,, AUC

from time zero to infinity, C,,,, maximum observed serum concentration

2 All individual parameters were adjusted to a subject with a weight of 74 kg using the following equation: weight-adjusted value

= original value x (weight/74)
® Geometric mean (number of subjects)

3.4 Immunogenicity

In Study 1, of the 29 non-Chinese subjects who had
appropriate samples, one subject (3.4 %) tested positive for
ADAs during the study period. In Study 2, none of the 24
Chinese subjects tested positive for ADAs during the study
period.

3.5 Safety and Tolerability

All subjects who received ustekinumab were monitored for
AEs through 84 days following injection. Overall, single
SC injections of ustekinumab were well tolerated in both
Chinese (45 mg or 90 mg doses) and non-Chinese (90 mg
dose) healthy male subjects. There were no deaths, SAEs
or withdrawals from the studies due to AEs. There were no
clinically significant changes or abnormalities in clinical
laboratory values, vital signs, ECGs or physical examina-
tions. No AEs of special interest, including TB infections,
malignancies or hypersensitivity reactions, were observed.

In Study 1, 23 (74.2 %) non-Chinese subjects experi-
enced at least one AE: 12 subjects (38.7 %) had AEs of
mild intensity, 11 (35.5 %) had AEs of moderate intensity,
and no subjects had any AEs of severe intensity. Overall,
the most common AEs were in the system-organ classes of
respiratory, thoracic and mediastinal disorders (25.8 %)
and nervous system disorders (22.6 %). AEs that were
reported by more than one subject were headache (seven;
22.6 %), pharyngolaryngeal pain (five; 16.1 %), arthralgia
(four; 12.9 %), cough (three; 9.7 %), toothache (three;
9.7 %), diarrhoea (two; 6.5 %), musculoskeletal chest pain
(two; 6.5 %), feeling hot (two; 6.5 %) and nasopharyngitis
(two; 6.5 %). One subject (3.2 %) had an AE (infective
conjunctivitis) that was considered to be probably related
to the study agent, nine subjects (29.0 %) had AEs that
were considered to be possibly related to the study agent,
three subjects (9.7 %) had AEs that were considered to be
unlikely to be related to the study agent, and ten subjects
(32.3 %) had AEs that were considered to be not related to
the study agent. A mild injection-site reaction (bruising)

was observed in one subject (3.2 %). The subject who
tested positive for ADAs did not have any injection-site
reactions or other AEs.

In Study 2, two (16.7 %) Chinese subjects who received
the 45-mg dose and one (8.3 %) who received the 90-mg
dose experienced one AE each during the study period: an
upper respiratory tract infection and an ear injury in the
45-mg group and epistaxis in the 90-mg group. All three
AEs were mild. One AE was considered to be unlikely to
be related to the study agent, and two AEs were considered
to be not related to the study agent. In addition, no injec-
tion-site reactions were observed.

4 Discussion

The pharmacokinetics of ustekinumab have been charac-
terized in these two Phase 1 studies in healthy Chinese and
non-Chinese male subjects. After a single SC injection of
45 mg or 90 mg, ustekinumab was slowly absorbed into
the systemic circulation with an overall median t,,, of
approximately 1 week. Following the C,,s, the mean
serum concentration—time of ustekinumab declined in an
apparently mono-exponential manner through the end of
the study, which was consistent with the one-compartment
open model reported for ustekinumab in the population
pharmacokinetic analyses in patients with psoriasis or PsA
[8, 9]. The relatively fast distribution phase might be
masked by the slow absorption phase following SC injec-
tion. Notably, the individual t,,,, values ranged from 3.0 to
28.0 days, indicating a large inter-subject variability in
drug absorption. In the population pharmacokinetic analysis
in patients with PsA [9], the absorption rate constant (k,)
was estimated to be 0.427/day with an inter-subject vari-
ability of 82.4 %, suggesting that it would take approxi-
mately 1.6 days (range 0.9-9.2 days) for 50 % of the
administered dose to be absorbed from the injection site into
the systemic circulation.

The mean V,/F values were approximately
80.3-97.3 mL/kg, which is consistent with the volume of
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distribution values reported for other therapeutic mAbs
[20]. Given an absolute bioavailability (F) of 57.2 % [21],
the mean V, is estimated to be approximately 48-56
ml/kg, suggesting that ustekinumab is primarily confined
to the circulatory system with limited extravascular tissue
distribution.

Ustekinumab was eliminated from the circulation with a
mean t., of approximately 3 weeks, consistent with the t.,
values reported previously in patients with psoriasis
(21.6 days) [8] or PsA (21.2 days) [9] and those for other
fully human IgG1l therapeutic mAbs [19, 20] or an
endogenous IgG [19, 22].

The higher C,,,,x and AUC values for the 90-mg dose in
Chinese subjects versus non-Chinese subjects may be
attributable to a variety of factors including difference in
subject weight between the two study populations.
Although a weight of 60-90 kg was specified as an
inclusion criterion for both studies, the distributions of
subject body weight were different between the two study
populations, with the Chinese subjects having a signifi-
cantly lower mean body weight than the non-Chinese
subjects (p < 0.001). The possibility that body weight was
an important factor that contributed to the difference in
systemic exposure between the two study populations is
supported by the population pharmacokinetic analyses in
patients with psoriasis or PsA, in which the CL/F increased
with increases in body weight, and the systemic exposure
to ustekinumab was predicted to decrease with increasing
body weight [8, 9]. Race was not a significant factor that
contributed to the inter-subject variability in the pharma-
cokinetics of ustekinumab after the differences in body
weight across races were considered. Body size (body
weight or body surface area) has been reported as a
significant covariate for the clearance of many other
IgG-based mAbs [19, 20].

When individual concentrations and exposure parame-
ters were adjusted by subject body weight, the pharmaco-
kinetics of ustekinumab were statistically comparable
between Chinese and non-Chinese healthy male subjects.
The ratios of geometric means of weight-adjusted AUCs
met the stringent comparability acceptance criteria of
0.80-1.25. Although the lower bound of the 90 % CI for
the geometric mean ratio of weight-adjusted C,,,x fell
slightly below 0.80, it was still within the less stringent
comparability acceptance criteria of 0.70—-1.43 specified by
the China SFDA. Therefore, the slightly lower weight-
adjusted C,,,,x in Chinese-subjects was not considered sta-
tistically significant or clinically meaningful. The numeric
differences in exposure parameters that remained after
weight adjustment might be attributable to the small sam-
ple size, cross-study comparison, assay variability and
inter-subject variability typically observed with therapeutic
mAbs.
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Systemic exposure of ustekinumab was reported to be
associated with clinical response in patients with moderate-
to-severe plaque psoriasis. Patients with higher systemic
exposure generally had a greater clinical response than
patients with lower systemic exposure [11]. Because the
pharmacokinetics of ustekinumab are comparable between
Chinese and non-Chinese healthy male subjects, Chinese
and non-Chinese patients with psoriasis who have the same
weight are expected to achieve comparable efficacy when
treated with the same dose and dosing regimen that are
approved by the US FDA [23, 24]. Comparable efficacy
and safety profiles of ustekinumab have been reported
between Asian (Korean and Taiwanese) and non-Asian
(predominantly Caucasian) patients with moderate-to-
severe plaque psoriasis [13]. The efficacy and safety pro-
files of ustekinumab are being evaluated in a Phase 3 study
in Chinese patients with moderate-to-severe plaque psori-
asis (Clinical trial registration: NCT01008995).

Single SC injections of ustekinumab 45 mg or 90 mg
were generally well tolerated in both Chinese and non-
Chinese healthy male subjects. However, the incidence of
AEs appeared to be higher in non-Chinese subjects, which
may be due to potential differences between the healthcare
cultures in the USA and China. Non-Chinese subjects in
the USA may have been more likely to report suspected
AEs, while Chinese subjects may have been more conser-
vative in reporting any minor discomforts. Also, these
studies were Phase 1 studies that included only a small
number of healthy male subjects. As a result, the AE data
should be interpreted with caution and should not be
directly compared. More comprehensive AE data are being
evaluated in large-scale Phase 3 studies in Chinese and
non-Chinese patients with psoriasis [25, 26].

In these two Phase 1 studies, one subject (non-Chinese)
developed ADAs during the study period. The incidence of
ADAs could have been underestimated with only a single-
dose injection of ustekinumab. In three Phase 3 studies in
patients with psoriasis (n = 2,899), the incidence rates of
ADAs were reported to be approximately 5 % and
remained stable through up to 3 years with maintenance
therapy every 12 or 8 weeks [27].

4.1 Limitations

Both studies had small sample sizes and were not originally
designed for a statistical comparison. In addition, none of
the non-Chinese subjects in Study 1 received a 45-mg SC
injection of ustekinumab, which prevented a direct com-
parison between the two study populations of the phar-
macokinetics of ustekinumab 45 mg, which is the
recommended dose for patients with psoriasis who weigh
<100 kg [23]. Therefore, the results from this analysis
should be interpreted with caution.
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5 Conclusions

The pharmacokinetics of ustekinumab following a single
45-mg or 90-mg SC injection were compared across two
Phase 1 studies in Chinese and non-Chinese healthy male
subjects. The data suggest that subject body weight was an
important factor contributing to the difference in systemic
exposure between the two study populations. No statisti-
cally significant ethnic differences in the systemic exposure
of ustekinumab were observed when the difference in
subject weight was considered.
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