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Abstract

Background 0OX40 (CD134) is expressed in lesional but not healthy skin of patients with psoriasis. KHK4083 is a fully
human monoclonal antibody against OX40.

Objective The primary aim of this first-in-human phase 1 study was to determine the safety and tolerability of ascend-
ing single doses of KHK4083 in patients with mild to moderate plaque psoriasis. Secondary aims were to determine the
pharmacokinetics and immunogenicity of KHK4083, and an exploratory objective was to assess clinical activity.
Methods In phase 1a, single doses of KHK4083 0.003 and 0.001 mg/kg IV were administered open label in two
cohorts (each n = 6). Phase 1b had a multicentre, randomized, double-blind, placebo-controlled, ascending single-dose
design in seven cohorts. Randomization was performed 3 : 1 to KHK4083 (n = 6) or placebo (n = 2) within each cohort.
Ascending doses of KHK4083 were 0.03, 0.1, 0.3, 1.0, 3.0 and 10 mg/kg IV, and 1.0 mg/kg SC.

Results There were no severe or serious adverse events (AEs), or discontinuations because of AEs. The most frequent
treatment-related AEs in the 55 patients who received KHK4083 were mild or moderate chills (9.1%), and infusion/injec-
tion site reactions (7.3%). No clinically meaningful or dose-related changes from baseline in laboratory values, vital signs,
ECG recordings or physical examinations were observed. Some KHK4083 recipients (10/54) developed anti-KHK4083
antibodies following treatment. Mean elimination half-life (t1/2) increased with dose, maximum serum concentration
increased in a dose-proportional manner, and area under the serum concentration-time curve increased in a more than
dose-proportional manner with increasing IV dose. Absolute bioavailability following SC administration was 73%. There
was some indication of improvement in Psoriasis Area Severity Index (PASI) and sPGA scores at the highest IV doses
(1.0 and 10 mg/kg) and the SC dose (1.0 mg/kg). The largest PASI 50 response and improvement in sPGA score >2
occurred with KHK4083 1.0 mg/kg SC.

Conclusion KHK4083 administration as a single dose up to 10 mg/kg IV or 1.0 mg/kg SC was generally safe and well
tolerated in patients with mild to moderate plaque psoriasis with no dose-limiting AEs.
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Introduction
Psoriasis is a chronic autoimmune, inflammatory skin disease
affecting about 2% of the global population or about 25 million
people in North America and Europe.'” The most common
form (affecting ~80% of patients) is plaque psoriasis.* Plaque
psoriasis often starts in late adolescence or early adulthood and
usually persists as a chronic disease throughout adult life in
about 90% of patients, which therefore necessitates continuous
treatment.™ The cause of psoriasis is not fully understood, but
it is likely that there is combination of genetic and environmen-
tal components.®

The majority of patients (~80%) have mild to moderate psori-
asis and receive first-line therapy with topical preparations and/
or phototherapy.> Adherence to topic therapy is generally
poor.®® More recalcitrant moderate and severe disease necessi-
tates progression to various systemic agents, e.g. cyclosporine,
methotrexate, retinoids, apremilast, and biologic therapies such
as etanercept, infliximab, adalimumab, ustekinumab, secuk-
inumab and ixekizumab, which may be associated with certain
severe and/or serious toxicities.>'* 2

OX40 (cluster of differentiation [CD]134, tumour necrosis
factor receptor [TNFR]SF4), a TNFR family member, offers a
novel therapeutic target as it is expressed in lesional but not
healthy skin of patients with psoriasis.'*'* OX40 plays a key role
in maintaining late T-cell proliferation and survival by suppress-
ing apoptosis, and in inducing T-cell memory formation
(Fig. 1).""7"” KHK4083 (Kyowa Kirin Pharmaceutical Develop-
ment, Inc., Princeton, NJ, USA) is a fully human, non-fucosy-
lated 1gG; monoclonal antibody (mAb) specific for OX40.
KHK4083 has shown antagonistic activity to OX40L in vitro and
efficacy in animal models of graft-vs.-host disease and delayed-
type hypersensitivity (unpublished data on file Kyowa Kirin
Pharmaceutical Development, Inc.). The primary aim of this
study was to determine the safety and tolerability of single,
ascending doses of KHK4083 administered by intravenous (IV)
infusion and a single dose administered by subcutaneous (SC)
injection in patients with mild to moderate plaque psoriasis. Sec-
ondary aims were to determine the pharmacokinetics and
immunogenicity of KHK4083, and an exploratory objective was
to assess clinical activity.

Materials and methods

Patients

Male or female patients >18 years of age with a clinical diagnosis
of mild to moderate plaque psoriasis according to the investiga-
tor for >6 months were eligible for study entry. Body surface
area affected by psoriasis was >2% with at least one plaque suit-
able for biopsy (Cohort 1 had an upper limit of 10% for body
surface area affected). Patients who had been previously treated
with a biologic agent had to undergo an appropriate washout
period for the relevant biologic agent or be naive to biologic
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treatment. Major exclusion criteria were as follows: a history of
clinically significant cardiac, renal, pulmonary, immunologic or
autoimmune disease apart from psoriasis; a history of drug-
induced psoriasis; those requiring treatment with topical, oral or
injectable corticosteroids during the study; and those receiving
phototherapy. Full details of inclusion/exclusion criteria are pro-
vided as Supporting Information.

Study design

The study was conducted in accordance with US Code of Regu-
lations and International Conference on Harmonization of
Good Clinical Practice guidelines, and adhered to the ethical
principles of the Declaration of Helsinki. The protocol and its
subsequent amendments were approved by relevant Institutional
Review Boards at the four participating study centres. All
patients provided written informed consent prior to participa-
tion in the study.

The primary objective of this study was to determine the
safety and tolerability of KHK4083 administered IV or SC as
monotherapy in patients with mild to moderate plaque psoriasis.
Secondary objectives were to evaluate its pharmacokinetic pro-
file and immunogenicity. Exploratory objectives were to evaluate
its pharmacodynamic profile assessed by changes in selected
biomarkers in serum, peripheral blood and skin biopsies, its
activity on functional health and health-related quality of life
(HRoQL) and its efficacy compared to placebo.

There was no clinical experience with KHK4083 prior to this
ascending single-dose study. The rationale for dose selection is
detailed in Supporting Information. Patients were screened
3-28 days prior to single-dose administration of KHK4083 or pla-
cebo on Day 1. The study was divided into two parts: phase la
and 1b (Table 1). Phase 1a was conducted at a single centre (Pro-
bity Medical Research, Inc., ON, Canada) with open-label admin-
istration of KHK4083 0.003 and 0.001 mg/kg IV over 60 min in
cohorts 1 and 2, respectively (n = 6 in each cohort). Each patient
in phase la and the first cohort of phase 1b (Cohort 3) received
KHK4083 sequentially 1 week apart. All patients in cohorts 1-3
were enrolled at one site (K.A.P.), and safety data for these
cohorts were reviewed by Health Canada before proceeding to
subsequent cohorts recruited at four study centres. Phase 1b had a
multicentre, randomized, double-blind, placebo-controlled,
ascending single-dose design in seven cohorts (n = 8 in each
cohort). Randomization was performed 3 :1 to KHK4083
(n = 6) or placebo (n = 2) within each cohort using a random
code for patient numbers. Cohorts 4-7 received KHK4083 0.03,
0.1, 0.3, 1.0 and 3.0 mg/kg, respectively, IV over 60 min. Cohort
8 received KHK4083 1.0 mg/kg SC. After completion of cohorts 7
and 8, and following protocol amendment, Cohort 9 was added
and received KHK4083 10 mg/kg IV over 120 min.

KHK4083 was supplied in single-use vials containing 5 mL of
10 mg/mL product, and placebo was provided in similar appear-
ing vials containing 5 mL of the formulation buffer of the active
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Figure 1 Effect of KHK-4083 on T-cell activation and memory cell expansion.

product. The required dose of KHK4083 or placebo was taken
from the vial and diluted in sterile normal saline for IV infusion
via a 0.2- or 0.22-um low-protein-binding inline filter. Adminis-
tration of KHK4083 (1.0 mg/kg) or placebo SC was given by

direct injection from the vial without dilution. The sponsor,
investigators and site personnel had no knowledge of the treat-
ment assigned in phase 1b to maintain double-blind conditions;
treatment allocation was only known by the pharmacist.
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Table 1 Dose escalation schedule

Cohort* Dose level Administration route No. of patients
Cohort 1 0.003 mg/kg \" 6
Cohort 2 0.01 mg/kg \Y 6
Cohort 3 0.03 mg/kg \" 8

Safety data reviewed by Health Canada before decision made to
proceed to Cohort 4

Cohort 4 0.1 mg/kg v 8
Cohort 5 0.3 mg/kg [\ 8
Cohort 6 1.0 mg/kg \" 8
Cohort 7 3.0 mg/kg \Y 8
Cohort 8 1.0 mg/kg SC 8
Cohort 9 10 mg/kg [\ 8

*Patients enrolled in cohorts 1 and 2 to receive only KHK4083 (phase 1a).
Patients in cohorts 3-9 to receive either KHK4083 (n = 6) or placebo (n = 2)
[phase 1b].

IV, intravenous; SC, subcutaneous.

Assessments
Patients were assessed at intervals from Day 1 (baseline) to Day
57 (cohorts 1-8) or 71 (Cohort 9).

Safety and tolerability were determined from adverse events
(AEs), physical examination findings, electrocardiogram read-
ings, vital sign measurements and clinical laboratory test results
(serum chemistry, haematology, coagulation and urinalysis).
AEs were recorded following observation by the investigator, in
response to non-leading questioning, or spontaneous reporting
by the subject. AEs were graded for intensity (mild, moderate or
severe) and relationship to treatment (definite, probable, possi-
ble, unlikely or unrelated). The safety analysis population
included all patients who received at least a partial dose of study
medication. Immunogenicity was determined using a validated
electrochemiluminescent ligand-binding assay for the detection
of anti-KHK4083 antibodies in serum. Drug tolerance limit at
100 ng/mL of positive control was 10 pg/mL of KHK4083.
There was no hook effect observed at up to 100 pg/mL of posi-
tive control.

Blood samples were taken for pharmacokinetic assessment.
Serum samples were analysed using a validated electrochemilu-
minescent method for the determination of KHK4083 concen-
tration. The lower limit of assay quantification was 25 ng/mL
and the quantification range 25-10 000 ng/mL. Pharmacoki-
netic parameters were derived using non-compartmental analy-
sis with WinNonlin, v6.3 (Pharsight Co., Mountain View, CA,
USA).

Patients who received at least one full dose of KHK4083 or
placebo and who had baseline data and at least one postdose
activity assessment were included in the full analysis set (FAS)
for determination of clinical activity. Psoriasis severity was

graded using the Psoriasis Area Severity Index (PASI)* and a
static Physician Global Assessment (sPGA) using a 6-point scale

(0 = clear to 5 = severe). Response was determined according to
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change in mean PASI score, and the proportions of patients
achieving PASI 50 or improvement in sSPGA score >2.

Blood samples were taken for assessment of changes from
baseline in the number and phenotypes of peripheral blood
mononuclear cells by flow cytometry including total T lympho-
cytes and subsets, B lymphocytes, natural killer cells, monocytes,
neutrophils, and naive, memory and effector T lymphocytes with
and without OX-40 in response. The samples were analysed
using available commercial assay kits and/or validated assay
methods. Circulating OX40-positive T cells were measured. The
measurement of soluble OX40 (sOX40) used a validated
enzyme-linked immunosorbent assay (ELISA) method and sol-
uble OX40 ligand (sOX40L) used a validated quantitative detec-
tion method for sOX40L carried out with modified use of the
commercially available kit (Human sOX40L ELISA, MyBio-
Source, San Diego, CA). PASI scores were used to evaluate phar-
macokinetic/pharmacodynamic correlations. Changes in skin
mRNA keratin marker expression (K16), skin T cells and a wide
array of cytokines and chemokines, transcription factors and
other relevant markers were assessed for skin biopsy data for two
biopsy punches, one from a target lesion and one from unaf-
fected skin. All sections stained with markers for the presence of
cytokines, leucocyte subsets, blood vessels and other markers
were evaluated semiquantitatively and, if positive, further anal-
ysed using a confirmation assay.

Statistical analysis

Change from baseline in PASI and sPGA were analysed using a
mixed-model repeated-measures (MMRM) analysis of all of the
postbaseline PASI scores through to Day 57. Restricted maxi-
mum-likelihood estimation was used. The dependent variable
was the change from baseline in PASI score. The model included
dose level, route of administration and visit as fixed effects, the
baseline PASI score as a covariate and visit as a repeated mea-
sure. An unstructured covariance matrix and the Kenward-
Roger approximation were used to estimate the degrees of free-
dom. The contrast interest was between the KHK4083 and pla-
cebo groups for each route of administration on Day 57. Model-
based least-squares means (LSMs) of the differences between the
active treatment groups and placebo group on Day 57, along
with 95% confidence intervals (CIs) and P values, were deter-
mined for each route of administration. The change from base-
line to Day 29 in epidermal thickness was analysed using an
analysis of covariance model with the baseline epidermal thick-
ness as a covariate, and dose level and route of administration as
fixed effects. The contrast interest was between the KHK4083
and placebo group for each route of administration. Model-
based LSMs of the differences between the active treatment
groups and placebo group on Day 29, along with 95% Cls and P
values, were determined for each route of administration. P val-
ues <0.05 were considered statistically significant. Other results
are described by descriptive statistics.
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Results

Study population

The study was conducted from 21 December 2012 to 8 Decem-
ber 2014. All patients (N = 68) received at least a full or partial
dose of study medication and were included in the safety analysis
set. One patient in Cohort 5 was randomized to placebo IV but
received KHK4083 0.3 mg/kg IV in error. The FAS included 67
patients as one patient in Cohort 2 (KHK4083 0.01 mg/kg IV)
did not receive the full dose. The baseline demographic and clin-
ical characteristics of these patients are summarized in Table 2.
The groups treated with KHK4083 or placebo appeared bal-
anced. Three patients in the FAS discontinued prematurely: one
in Cohort 3 (0.03 mg/kg IV) on Day 51 lost to follow-up, one in
Cohort 6 (1.0 mg/kg IV) on Day 20 due to lack of efficacy and
one in Cohort 8 (1.0 mg/kg SC) on Day 45 due to withdrawal of
consent.

Safety

The AE profile is summarized in Table 3. Treatment-emergent
AEs occurred in similar proportions of patients in the KHK4083
and placebo groups and all were either mild or moderate in
intensity. The percentages of patients with AEs were similar
between the KHK4083 and placebo IV (59.2% vs. 54.5%,

Table 2 Baseline demographic and clinical characteristics

respectively) or SC (50% vs. 50%) dose cohorts. There were no
dose-related trends in AE incidences across the KHK4083 IV
dose cohorts. There were no severe AEs, discontinuations
because of AEs or serious AEs. Treatment-related AEs only
occurred in the patients treated with KHK4083 (n = 11/55,
20.0%), with the most commonly reported treatment-related AE
being chills (n =5, 9.1%) followed by infusion-related (n = 3,
5.5%) or injection-related (n = 1, 1.8%) reactions. One patient
in Cohort 5 (0.3 mg/kg IV) developed pustular psoriasis on Day
50 that was considered possibly related to treatment: the patient
started cyclosporine 200 mg twice daily from Day 57 and recov-
ered by Day 78. There were no clinically meaningful or dose-
related changes from baseline in laboratory values, vital signs,
ECG recordings or physical examinations.

Immunogenicity

Immunogenicity was determined in the FAS (n = 67). Immuno-
genicity was negative on days 1 and 57 in all 11 placebo recipi-
ents and all six KHK4083 recipients who received SC
administration. Three of 48 (6.3%) KHK4083 recipients who
received IV administration showed confirmed positive anti-
KHK4083 antibodies on Day 1 compared to 13 patients (27.1%)
on Day 57. Positive anti-KHK4083 antibodies did not appear to
affect pharmacokinetic exposure to the drug (data not shown).

Variable IV route (cohorts 1-7, 9)* SC route (cohort 8)* Total (cohorts 1-9)
KHK4083 Placebo KHK4083 Placebo =
0.003-10 mg/kg (n=11)} 1.0 mg/kg (n=2)
(n = 49) (n=6)
Age (years), mean (SD) 47.3 (13.0) 40.3 (10.8) 39.5 (13.4) 38.5(9.2) 45.2 (12.9)
Gender, n (%)
Male 39 (79.6) 7 (63.6) 3(50.0) 0 49 (72.1)
Female 10 (20.4) 4(36.4) 3(50.0) 2 (100) 19 (27.9)
Race, n (%)
Caucasian 45 (91.8) 10 (90.9) 4 (66.7) 2 (100) 61 (89.7)
Native American or Alaska native 2(4.1) 0 2(33.3) 0 4(5.9)
BMI (kg/cm?), mean (SD) 30.7 (6.99) 31.9 (4.62) 32.7 (12.1) 28.4 (9.44) 31.0(7.15)
Time since diagnosis (years), mean (SD) 15.8 (11.7) 16.5 (11.3) 12.8(9.2) 11.0 (12.7) 15.5(11.3)
Prior use of psoriasis therapy, n (%)
Yes 46 (93.9) 11 (100) 6 (100) 2 (100) 65 (95.6)
No 3(6.1) 0 0 0 3(4.4)
Type of prior psoriasis therapy, n (%)
Topical} 44 (89.8) 11 (100) 5(83.3) 2 (100) 62 (91.2)
Oral/systemic§ 17 (34.7) 7 (63.6) 1(16.7) 0 25 (36.8)
Phototherapy 12 (24.5) 2(18.2) 1(16.7) 0 15 (22.1)

*Cohorts 1 and 2 received only KHK4083 IV; cohorts 3-7 and 9 received KHK4083 IV or placebo 1V; and Cohort 8 received KHK4083 SC or placebo SC.
+One patient in Cohort 5 was randomized to placebo IV but received KHK4083 0.3 mg/kg IV in error.

fIncludes betamethasone, clobetasol, betamethasone/salicylic acid, betamethasone/calcipotriol, mometasone, halobetasol, etc.
§Includes methotrexate, oral retinoids, various biologic therapies (e.g. etanercept, tofacitinib, ustekinumab, apremilast, efalizumab, leflunomide) and investiga-

tional agents.

BMI, body mass index; IV, intravenous; PASI, Psoriasis Area Severity Index; SC, subcutaneous; SD, standard deviation.
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Table 3 Adverse events
IV route (cohorts 1-7, 9)* SC route (Cohort 8)* Total
KHK4083 Placebo KHK4083 Placebo (EEhEis =)
0.003-10 mg/kg (n=11)¢ 1.0 mg/kg (n=2) BUFDEE D
(n = 49) (n=6) KHK4083
[N = 55]
Any treatment-emergent AE 29 (59.2) 6 (54.5) 3(50.0) 1 (50.0) 32 (58.2)
Mild 12 (24.5) 2(18.2) 2(33.3) 0 14 (25.5)
Moderate 17 (24.5) 4 (36.4) 1(16.7) 1 (50.0) 18 (32.7)
Any treatment-related AE 10 (20.4) 0 1(16.7) 0 11 (20.0)
Treatment-related AE by preferred term}
Chills 5(10.2) 0 0 0 5(9.1)
Infusion-related reaction 3(6.1) 0 0 0 3(5.5)
Injection-related reaction 0 0 1(12.5) 0 1(1.8)
Myalgia 2(4.1) 0 0 0 2(3.6)
Headache 2(4.1) 0 0 0 2(3.6)
Fatigue 1(2.0) 0 0 0 1(1.8)
Feeling cold 1(2.0) 0 0 0 1(1.8)
Hyperhidrosis 1(2.0) 0 0 0 1(1.8)
Pustular psoriasis 1(2.0) 0 0 0 1(1.8)
Anxiety 1(2.0) 0 0 0 1(1.8)

*Cohorts 1 and 2 received only KHK4083 1V; cohorts 3-7 and 9 received KHK4083 IV or placebo IV; and Cohort 8 received KHK4083 SC or placebo SC.
TOne patient in Cohort 5 was randomized to placebo IV but received KHK4083 0.3 mg/kg IV in error.
1Coded by MeDRA dictionary version 15.1.

AE, adverse event; IV, intravenous; SC, subcutaneous.

Table 4 Pharmacokinetics

Cohort 1 (0.003 mg/kg IV)

[n = 6]

Cohort 2 (0.01 mg/kg IV)
[n=6]

Cohort 3 (0.03 mg/kg IV)
[n=6]

Cohort 4 (0.1 mg/kg 1V)
[n=6]

Cohort 5 (0.3 mg/kg IV)
[n=7l}

Cohort 6 (1.0 mg/kg 1V)
[n=6]

Cohort 7 (3.0 mg/kg 1V)
[n = 6]

Cohort 8 (1.0 mg/kg SC)
[n = 6]

Cohort 9 (10 mg/kg IV)
[n = 6]

Mean + SD
Timax (h) Cmax (ng/mL)  AUC, ;(ng-h/mL) AUCq o ty2 (h) V, or V,/F* CL or CL/F*
(ng-h/mL) (ml/kg) (mL/h/kg)
1.19 + 0.452 0.090 £+ 0.035 0.423 + 0.222 1.19 + 0.600% 751 £ 2227 295 + 6.52f 2.98 + 1.27%
1.03 + 0.0587 0.276 + 0.048 3.37 + 0.640 4.17 £+ 0.985 9.62 + 2.40 33.8 +£ 6.74 2.52 + 0.616
1.20 + 0.396 1.36 + 0.942 27.9 + 10.7 354 + 11.1 27.9 + 555 35.6 + 8.96 0.900 + 0.200
123 +£ 0492 234 +1.19 182 + 121 246 + 85.2§ 69.2 + 19.1§ 429 + 13.1§ 0.456 + 0.191§
1.98 + 1.02 8.32 + 1.80 1320 + 310 1420 + 400 161 + 67.8 49.6 + 14.7  0.229 + 0.0773
2.35 + 2.67 29.1 + 4.01 6280 + 1930 6740 + 17601 214 + 355 46.9 + 6.11  0.156 + 0.0383
252 + 217 86.2 + 124 21 900 + 5510 23 400 + 6440 312 + 100 57.3 £ 9.52 0.138 + 0.0448
124 + 50.4 8.30 + 3.10 4850 + 1750 4940 + 17909 185 + 70.1 54.8 +£ 13.5 0.228 + 0.0877
2.52 + 0.804 320 + 424 97 600 + 15800 110 000 + 18400 547 + 86.4 72.7 £ 13.2 0.0930 + 0.0181

*V,/Fand CL/F for SC dosing; V, and CL for IV dosing.
TOne patient in Cohort 5 was randomized to placebo IV but received KHK4083 0.3 mg/kg IV in error.

tn=4.
§n=5.

Y/Absolute bioavailability (F) = AUCq oo SC/AUC) o IV = 4940/6740 x 100% = 73%.

AUC, ;, area under the concentration-time curve from time zero to the time of the last measurable concentration (t); AUC, o, area under the concentration—
time curve from time zero to infinity; C, total systemic clearance; CL/F, apparent systemic clearance; Cnax, maximum serum concentration; F, absolute

bioavailability; IV, intravenous; SC, subcutaneous; SD, standard deviation t,,, terminal elimination half-life; tnax, time to maximum serum concentration; V,,
volume of distribution; V.,/F, apparent volume of distribution.
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Table 5 PASI score change from baseline

Mean + SD

Baseline Day 4 Day 8 Day 15 Day 22 Day 29 Day 57 Day 71
IV administration
Cohort 1 525 + 1.328 5.37 + 1.394 515+ 1616 522 + 1.289 4.68 +£0.799 4.83 + 1.069 4.32 + 1.242 -
(0.003 mg/kg)
[n=6]
Cohort 2 7.06 £ 2.373 6.36 + 2.182 6.52 + 1.636 6.50 + 2.258* 6.42 £ 1.770 6.32 + 1.954 6.26 + 1.483 -
(0.01 mg/kg)
[n=5]
Cohort 3 9.93 +£5.816 10.24 £ 6.155f 9.70 + 5422 9.87 + 6.246 9.03 + 4.862 9.70 + 6.893 12.20 + 10.0461 -
(0.03 mg/kg)
[n=6]
Cohort 4 6.97 + 3.492 6.78 + 3.468 6.77 +£ 3.405 6.85 + 3.275 6.85 + 3.203 6.53 + 3.287 7.17 + 4.539 -
(0.1 mg/kg)
[n= 6]
Cohort 5 7.21 £ 3.884 6.99 + 3.904 6.81 + 4231 6.94 + 4403 7.37 +£4.638 6.63 +4.023 7.80 + 4.560 -
(0.3 mg/kg)
[n=7]
Cohort 6 6.38 £ 4.322 6.42 + 4.280 6.63 + 4.731 573 + 4.078 7.05 + 4.993 6.17 + 4.534 4.10 + 2.265} -
(1.0 mg/kg)
[n= 6]
Cohort 7 6.70 £ 2.695 6.42 + 2,515 6.35 + 2524 595+ 2577 6.02+2910 6.18 £2919 6.60 + 2.766 -
(3.0 mg/kg)
[n= 6]
Cohort 9 5.30 £ 0.986 5.07 + 1.078 448 +£ 1489 372 +1.243 3.67 + 1.446 3.60 + 1.497 3.63 + 1.488 4.02 + 1.294
(10 mg/kg)
[n=6]
Placebo 8.40 £ 6.993 8.44 + 7.855 8.58 + 8.427 8.40 +8.870 8.42 +£8900 845+ 9.074 8.97 + 8.903 7.95 + 8.697%
[n=11]
SC administration
Cohort 8 4.90 £ 2.361 4.18 £ 1.794 3.18 £ 1.990 287 +2.084 3.35+ 2600 263 +2.026 260 + 2.288 -
(1.0 mg/kg)
[n= 6]
Placebo[n=2] 7.55 + 7.566 7.80 £ 7.212 7.40 £ 7.778 8.05 £6.859 7.80 +7.212 7.50 £ 6.788 2.50§ =

*n=4,fn=>5;,in=2;§n=1.

1V, intravenous; PASI, Psoriasis Area Severity Index; SC, subcutaneous; SD, standard deviation.

Pharmacokinetics

Pharmacokinetic parameters of KHK4083 for the dose and
route of administration are summarized in Table 4. Mean
time to reach maximum serum concentration (fn.) Wwas
1.03-2.52 h across IV dose levels. Mean pharmacokinetic
exposure to KHK4083 increased in a dose-proportional man-
ner for the 0.003-10 mg/kg IV dose range based on maxi-
mum serum concentration (C,,,) but in a more than dose-
proportional manner based on area under the serum concen-
tration—time curves to the last measurable concentration and
to infinity (AUC, ; and AUCj o, respectively). Power analy-
sis, in which the Ln C,,, was regressed against Ln Dose
(0.003-10 mg/kg), yielded a B value of 1.01 (95% CI 0.915—
1.10). The power analysis of Ln AUC, , and Ln AUCj oo Vs.
Ln Dose yielded B values of 1.56 (95% CI 1.40-1.72) and
1.46 (95% CI 1.40-1.52), respectively. With increasing IV
doses, mean elimination half-life (t,/,) increased from 7.51 to
547 h, mean total systemic clearance decreased from 2.98 to
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0.0930 mL/h/kg, and mean volume of distribution increased
from 29.5 to 72.7 mL/kg. Following SC administration of
KHK4083 1.0 mg/kg, mean t,,,, was 124 h and mean t;,, was
185 h, the latter being consistent with mean f;,, following the
same IV dose of 1.0 mg/kg (214 h). Absolute bioavailability
following SC administration was 73%.

Clinical activity

Changes in mean PASI and sPGA over time in the cohorts are
detailed in Tables 5 and 6, respectively. Changes were minimal
in the IV dose cohorts, with the largest improvements in patients
who received KHK4083 10 mg/kg IV. Compared to placebo, the
greatest improvements occurred in patients who received
KHK4083 1.0 mg/kg SC. MMRM analysis did not find any sta-
tistically significant changes from baseline to Day 57 for PASI or
sPGA, except for sPGA for KHK4083 1.0 mg/kg IV (LS mean —
0.88, 95% CI —1.697 to —0.058; P = 0.036). The percentages of
patients who achieved PASI 50 and improvement in sPGA score
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Table 6 sPGA score change from baseline

Mean + SD
Baseline Day 4 Day 8 Day 15 Day 22 Day 29 Day 57 Day 71
IV administration
Cohort 1 (0.003 mg/kg) [n=6] 2.7 +0.82 25+ 0.84 25+ 055 25+ 0.55 22+ 075 25+055 23+052 -
Cohort 2 (0.01 mg/kg) [n = 5] 3.0+ 0.00 24+ 055 28+ 045 28+ 050 30+000 24+055 23+052 -
Cohort 3 (0.03 mg/kg) [n = 6] 27+ 052 244+055f 28+041 25+084 274052 25+084 28+ 0457 -
Cohort 4 (0.1 mg/kg) [n = 6] 25+ 055 2.0+ 0.89 20+ 089 2.0+ 0.89 20+089 18+098 22+0.98 -
Cohort 5 (0.3 mg/kg) [n = 7] 24+079 24+0.79 26 +0.79 23+0.76 26+098 23+076 24+0.79 -
Cohort 6 (1.0 mg/kg) [n = 6] 2.3 +0.82 25+ 0.84 2.3 + 0.82 2.3 £ 0.82 2.3 +£0.82 1.8 £ 0.75 1.4 + 0.55¢ -
Cohort 7 (3.0 mg/kg) [n = 6] 2.3 +0.82 22 +£0.75 2.3 + 0.52 2.3 +£0.82 25 +1.05 25+ 0.84 25+ 0.84 -
Cohort 9 (10 mg/kg) [n = 6] 23+ 082 23+0.82 20+ 063 18+ 0.75 18+ 075 20+089 20+0.89 1.8 + 0.75
Placebo [n = 11] 25+ 082 25+ 0.82 25+093 23+0.79 25+ 069 24+ 0.81 25+ 1.04 2.0 + 1.41%
SC administration
Cohort 8 (1.0 mg/kg) [n = 6] 25+ 1.05 22 +0.75 1.8 +£0.75 1.7 £1.08 1.8 £ 0.41 1.3 +£0.82 1.7 +1.21 -
Placebo [n = 2] 3.0 +1.41 3.0 £ 1.41 25+212 3.0+ 1.41 3.0+ 141 3.0 + 1.41 1.0§ -

*n=4;,fn="5;fn=2;§n=1.

IV, intravenous; SC, subcutaneous; SD, standard deviation; sPGA, static Physician Global Assessment.

(a)
60 - PASI 50
--46--1mg/Kg SC
;\? —0O— 10 mg/Kg IV
< A e 003 mg/Kg IV
5 e - 0--- 0.10 mg/Kg IV
O 40 1
o)
2 e
5 i
o i
g 2071 |
= |
@ !
< H
1
g |
0 L
048 1522 29
Time (day)
(b) 60 - sPGA --4--1mg/Kg SC
—&— 0.003 mg/Kg IV
---¥---- 0.3 mg/Kg IV
= A —o0—- 0.1 mg/Kg IV
9 N —e— 1mg/Kg IV
@ 40 ] H o —e— 10 mg/Kg IV
8 N
& | 8
2 H
%] 1
5 /
1
g 204 {
o]
c
[0}
e
[0}
o
0w
048 1522 29 57 71
Time (day)

Figure 2 Percentage of patients achieving (a) PASI 50 or (b)
improvement in sSPGA score >2 in cohorts treated with KHK4083
or placebo administered IV or SC. Note: data points for no change
not plotted.

>2 over time in the cohorts are shown in Fig. 2. The largest per-
centage of patients (50%) achieving PASI 50 occurred in those
receiving KHK4083 1.0 mg/kg SC. There were no consistent

JEADV 2017, 31, 1324-1332

dose-related changes compared to placebo with respect to epi-
dermal thickness change from Day 1 to Day 29 (data not
shown): MMRM analysis only revealed statistically significant
change from baseline for KHK4083 0.1 mg/kg (Cohort 4) [LS
mean —110.53, 95% CI —178.875 to —42.182; P = 0.02].

Pharmacodynamics and pharmacodynamic/
pharmacokinetic interactions

No meaningful or consistent dose-related changes could be
reliably quantified due to the small sample size (data not
shown).

Discussion
With respect to the primary endpoint of this first-in-human
study, KHK4083 administration as a single dose up to 10 mg/kg
IV or 1.0 mg/kg SC was generally safe and well tolerated in
patients with mild to moderate plaque psoriasis with no dose-
limiting AEs. There were no severe or serious AEs, or discontin-
uations because of AEs. The most frequent treatment-related
AEs in the 55 patients who received KHK4083 were mild or
moderate chills (9.1%), and infusion/injection site reactions
(7.3%). There were no clinically meaningful or dose-related
changes from baseline in laboratory values, vital signs, ECG
recordings or physical examinations. Three of 48 (6.3%)
KHK4083 recipients who received IV administration showed
confirmed positive anti-KHK4083 antibodies at baseline com-
pared to 13 patients (27.1%) at Day 57; none of the patients who
received placebo or KHK4083 SC had positive antibodies at
baseline or Day 57. Development of KHK4083 antibodies did
not appear to affect pharmacokinetics.

With respect to pharmacokinetics, the main secondary end-
point, mean t,,, increased with dose, mean C,,,, increased in a
dose-proportional manner, and mean AUC values increased in a
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more than dose-proportional manner over the IV dose range
from 0.003 to 10 mg/kg. Mean t,, for the KHK4083 1.0 mg/kg
SC dose was consistent with the t,,, for KHK4083 IV at the same
dose level. Absolute bioavailability for KHK4083 1.0 mg/kg fol-
lowing SC administration was estimated to be 73%. Examination
of exploratory pharmacodynamic endpoints and pharmacoki-
netic/pharmacodynamic correlations did not reveal any clinical
meaningful or consistent results.

Exploratory analyses of clinical activity showed some indica-
tion of improvement in PASI and sPGA scores (not epidermal
thickness of psoriasis skin biopsies) at the highest IV doses (1.0
and 10 mg/kg) and the SC dose (1.0 mg/kg) of KHK4083. The
largest PASI 50 response and improvement in sPGA score >2
occurred with KHK4083 1.0 mg/kg SC. Clinical responses were
not expected after single-dose administration of KHK4083 and
the study was not sufficiently powered to detect improved clini-
cal response compared to placebo given the limited number of
patients enrolled overall and, more specifically, within each
cohort.

The overall safety profile of KHK4083 supports the further
phase 2 clinical evaluation of KHK4083 using high repeated
doses in larger numbers of patients. KHK4083 SC (1.0 mg/kg)
provided encouraging results (both immunogenicity and clinical
activity) compared to less convenient IV administration at a
higher dose (10 mg/kg), although these results need to be con-
firmed in higher numbers of patients. Phase 1 and phase 2 clini-
cal development of KHK4083 is currently ongoing in patients
with ulcerative colitis, another disease in which OX40 is indi-
cated as a pathogenic target.”!
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