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Abstract

Background The efficacy of ixekizumab, an anti-interleukin-17A (anti-IL-17A) monoclonal IgG4 antibody, was demon-
strated in moderate-to-severe psoriasis patients when administered via prefilled syringe (PFS).

Objective To evaluate the effect of two drug delivery devices on the pharmacokinetics (PK) of ixekizumab as well as
efficacy and safety with both devices.

Methods In the first 12 weeks of an open-label, phase 3 study, moderate-to-severe psoriasis patients were random-
ized to ixekizumab delivery via PFS or autoinjector device. Randomization was stratified by weight (<80 kg, 80-100 kg,
>100 kg), injection assistance (yes/no) and injection site (arm, thigh or abdomen). Following a 160-mg initial dose at
week 0, patients received subcutaneous 80-mg ixekizumab as a single injection every 2 weeks for 12 weeks. Blood
samples were collected following the initial 160-mg dose on days 2, 4, 7, 10 and 14 for PK analysis. Primary PK parame-
ters were maximum concentration (C.x) and area under the curve (AUCq.yast) Where ti4t is the time of last sample
(14 days + 24 h). Efficacy was assessed by percent improvement on the Psoriasis Area and Severity Index (PASI) at
week 12. Adverse event reporting, vital signs and clinical laboratory data were used to evaluate safety.

Results Of 204 randomized patients, 192 were included in the PK analysis (PFS: 94; autoinjector: 98). The PFS and
autoinjector showed similar geometric mean Cyax (90% CI) [15.0 pg/mL (13.9-16.1) vs. 14.8 pg/mL (13.8-15.9)] and
geometric mean AUCq._yast (90% CI) [157 pg x day/mL (147-168) vs. 154 ug x day/mL (144-165)]. When comparing
Cinax and AUCq yast Of the autoinjector to PFS, the geometric LS mean ratios were 0.97. At week 12, mean percent PASI
improvement (via modified baseline observation carried forward) was similar with the PFS (89.3%) and autoinjector
(86.9%). Both devices had safety results that were consistent with the known safety profile of ixekizumab.

Conclusion The PK, efficacy and safety of ixekizumab administered subcutaneously by PFS and autoinjector were
similar.
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Introduction

Ixekizumab is an anti-interleukin-17A (IL-17A) monoclonal
IgG4 antibody with a high binding affinity to IL-17A, a key
cytokine in psoriasis pathogenesis.' > Specific inhibition of IL-
17A represents a targeted approach to the management of
plaque psoriasis. Ixekizumab administered as a subcutaneous
(SC) injection using a prefilled syringe (PFS) has demon-
strated rapid, robust and durable efficacy and was well toler-
ated in patients with moderate-to-severe psoriasis in
randomized, placebo-controlled, UNCOVER phase 3 clinical
trials.*

To offer patients options for self-administration of ixek-
izumab, a PFS and an autoinjector have been developed. Several
studies have demonstrated that an autoinjector is a drug delivery
approach that can increase patient treatment adherence and ben-
efits patients in terms of ease of use, improved self-esteem and
greater independence in their social, domestic and professional
lives.>® PBurthermore, several clinical studies have shown that
autoinjectors improve injection tolerability and patient-reported
satisfaction/acceptability, compared with a PFS.” ' However,
self-injection with a PFS is also recognized as an efficient and
reliable method for drug administration. Offering patients a
choice between these two different drug delivery devices pro-
vides options for patients and can increase convenience in the
management of their disease.

Upon pushing a button, the autoinjector inserts the needle
into the skin, delivers the drug and retracts the needle back into
the device. It is designed to encase the PES so there is no differ-
ence in the drug contact surfaces. The glass barrel, plunger and
needle are identical in the autoinjector and the PFS, as are the
intended dose, volume and formulation of ixekizumab. The
autoinjector has an ergonomic shape and limits visibility of the
needle to help reduce potential patient anxiety of needles. Simi-
lar to the autoinjector, the PFS also supports convenient self-
injection with a single dose of the drug.

The primary objective of this study was to evaluate the effect
of drug delivery, either by PFS or autoinjector, on the pharma-
cokinetics (PK) of ixekizumab after the administration of the
initial 160-mg dose as a SC injection in patients with moderate-
to-severe psoriasis. Additionally, the efficacy and safety were
evaluated after 12 weeks of SC administration of ixekizumab
with the PFS and the autoinjector.
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Materials and methods

The clinical study was approved by the investigational review
boards and all patients provided written informed consent
before enrollment. The study was conducted in accordance with
Good Clinical Practice guidelines, with ethical principles having
their origin in the Declaration of Helsinki and the Council for
International Organizations of Medical Sciences International
Ethical Guidelines and applicable laws and regulations.

Study design

Here, we report the first 12 weeks of a randomized, open-label,
parallel-arm, multicentre, outpatient, phase 3 study in patients
with moderate-to-severe plaque psoriasis. Patients were assigned
by a computer generated random sequence to an injection device
(PES or autoinjector). To achieve an equal number of patients
assigned to the PFS and autoinjector within weight and injec-
tion-site category, randomization was stratified by weight (low:
<80 kg, medium: 80-100 kg, high: >100 kg), injection assistance
(yes/no; a caregiver or adult other than the patient who adminis-
tered all injections of ixekizumab to the patient) and injection
site (arm, thigh or abdomen). Patients were randomized based
on bodyweight and injection site to ensure that a minimum of 8
PK-evaluable patients were included in each bodyweight and
injection-site category (e.g., for each injection site, 8 patients
were included in the low bodyweight category, 8 patients in the
medium bodyweight category, and 8 patients in the high body-
weight category). This should provide adequate PK data across
the range of bodyweights for each injection site and for both
drug delivery devices. Patients utilized the assigned injection
device and administration site for all injections throughout the
12-week treatment period. Patients received SC 80-mg ixek-
izumab as one injection every 2 weeks, following a 160-mg ini-
tial dose given as two SC 80-mg injections at week 0 (baseline
visit) (Fig 1).

Patients

Eligible patients from study sites in the United States and Puerto
Rico were 18 years of age or older; were using a reliable method
of birth control; had a diagnosis of plaque psoriasis for at least
6 months prior to baseline; had at least 10% body surface area
of plaque psoriasis, a static Physician’s Global Assessment score
of at least three, and a Psoriasis Area and Severity Index (PASI)
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score of at least 12 at both screening and baseline; were candi-
dates for phototherapy and/or systemic therapy; and were will-
ing and able to self-administer (or have an assistant inject) the
study drug and have blood drawn for PK sampling.

Patients were ineligible if they had erythrodermic, generalized
pustular or guttate forms of psoriasis; were pregnant or breast-
feeding; recently received any systemic, biologic or non-biologic
therapy or topical psoriasis therapy; were concurrently using
biologic therapy; were positive for human immunodeficiency
virus, hepatitis B or hepatitis C or had any other active or recent
infection; or had an uncontrolled cerebrovascular condition,
unstable medical condition and/or any significant, uncontrolled
neuropsychiatric disorders.

Bioanalytical methods

Following the initial 160-mg dose of ixekizumab at week 0 (base-
line visit, day 0), blood samples for the measurement of serum
ixekizumab concentrations were collected on days 2, 4, 7 and 10,
and prior to ixekizumab administration on day 14 (Fig 1). Each
blood draw was at approximately the same time of the day for
the majority of the patients. Serum samples were analyzed for
ixekizumab  concentrations using an Enzyme Linked
Immunosorbent Assay method at Intertek ALTA Analytical (San
Diego, CA, USA). The range of quantitation was 7.5-300 ng/
mL. Samples above the upper limit of quantification were fur-
ther diluted and reanalyzed to yield results within the calibrated
range. The intra-assay accuracy (% relative error) during valida-
tion ranged from —25.0% to 27.5%. The inter-assay precision
(% relative SD) during validation ranged from 11.8% to 17.3%.

Pharmacokinetic analyses

All PK analyses were conducted on an evaluable PK population
(i.e. patients who were compliant with the dosing regimen and
the full PK sampling scheme or patients who had at least four
of the five serum PK samples and were not missing the last PK
sample on day 14). Serum ixekizumab concentration-time data
obtained from individual patients were analyzed using non-
compartmental PK methods (Phoenix WinNonlin Professional
version 6.3; Pharsight Corporation, Mountain View, CA, USA).
The PK parameters determined for ixekizumab included the
maximum plasma concentration (Cp,y), time to maximum
concentration (t,,,) and the area under the curve (AUCq_qast)
where fj, is the time of the last sample (14 days &+ 24 h). The
Crax and AUCy_g,s were summarized as geometric means and
90% confidence intervals (CIs) for the PFS and autoinjector.
The t,,, was summarized and reported as median (minimum-—
maximum) number of days.

Efficacy and safety assessments

Efficacy was evaluated at specific visits and safety was assessed at
each visit following SC administration of ixekizumab with the
PES or the autoinjector. PASI scores were recorded at weeks 0, 4,
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8 and 12 and efficacy was evaluated by the mean percent
improvement on the PASI at week 12. Safety assessments
included analysis of treatment-emergent adverse events (TEAEs)
and serious adverse events (SAEs), which were recorded at each
visit, as well as vital signs and clinical laboratory data, which
were recorded at regular intervals throughout the study.

Statistical analysis

No hypothesis was tested; the estimation approach was used
to evaluate the effect of drug delivery on ixekizumab PK. The
primary PK parameters for analysis were Cya and AUCq gag-
PK parameters were log.-transformed and analyzed by an
analysis of variance (ANOVA) model with device, injection
location and weight category as factors. For each log.-trans-
formed PK parameter, the point estimates and the associated
90% CIs were constructed for the device difference and were
then exponentiated back to obtain the ratio of geometric LS
mean and 90% CIs. The median difference and 90% CIs for
Imax Were based on Hodges-Lehmann estimation using SAS
NPARIWAY procedure.

Demographics, baseline characteristics and efficacy analyses
were conducted on the intent-to-treat population, which
included all randomized patients. Demographic variables and
baseline characteristics were summarized by drug delivery
device. The change from baseline and percent improvement
from baseline in PASI total score were analyzed by drug delivery
device for each scheduled visit. Missing data for the efficacy
analysis were imputed using the modified baseline observation
carried forward (mBOCF) approach. All statistical tests were
performed at a two-sided significance level of 0.05.

80 mg Q2W
Prefilled syringe

| Screening | Treatment Period
E 80 mg Q2W
! Autoinjector
-t

Starting dose:
two 80-mg
SC injections

WO w2 W4 w8 w12
VA V2 V2E V3 \'Z V5

PK sampling

Visit 2 2A 2B 2C 2D 2E

| 1 1 1 1 1 1 |
. | T T T T T T |

PK sampling
day 0 1 2 3 456 7 891011121314

Figure 1 cStudy design for administration of ixekizumab via a
prefilled syringe or autoinjector. 80 mg Q2W, 80-mg ixekizumab every
2 weeks; PK, pharmacokinetic; SC, subcutaneous; W, week; V, visit.
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Safety analyses included all randomized patients who received
at least one dose of study drug. Safety was assessed by summarizing
and analyzing adverse events, laboratory analytes and vital signs.

Results

Patient disposition and baseline characteristics
Of the 282 enrolled patients, 204 were randomized to receive
ixekizumab: 102 by PFS and 102 by autoinjector (Fig 2). The
majority of patients (93%) completed the 12-week treatment
period. Baseline demographics and clinical characteristics were
similar between groups (Table 1). The majority of patients were
male (70%) and Caucasian (87%) with a mean age of 46.5 years.
For the PK analyses, 192 of the 204 patients had PK-evaluable
data: 94 in the PFS group and 98 in the autoinjector group
(Fig 2). Of the 12 patients excluded from the PK analysis, three
patients had no evaluable samples, eight patients had <3 samples
and one patient had the last sample taken at day 17 instead of
day 14.

Pharmacokinetics

The mean ixekizumab serum concentrations vs. time profiles
were similar with the PFS and the autoinjector (Fig 3). The PFS
and autoinjector showed similar maximum concentration

[geometric mean Cp, (90% CI): 15.0 pg/mL (13.9-16.1) vs.
14.8 pg/mL (13.8-15.9)] (Table 2). The geometric LS mean ratio
when comparing the C,, of the autoinjector to the PFS was
0.97 (90% CI: 0.89-1.06). The geometric mean AUC_y,s (90%
CI) with the PFS was 157 pg x day/mL (147-168) and
154 pg x day/mL (144-165) with the autoinjector. The geomet-
ric LS mean ratio when comparing the AUCq_y,g of the autoin-
jector to the PFS was 0.97 (90% CI: 0.89-1.05). Variability in
these parameters was also similar for each device group, with
percent coefficient of variation estimates in the 41% to 46%
range for Cp.x and AUCy 5. The time to maximum concentra-
tion [median t,, (minimum-maximum)] was approximately
4 days after dosing for each device [PFS: 3.97 days (90% CI:
1.88-13.96); autoinjector: 4.00 days (90% CI: 1.88-14.01)].
When the t,,,, of the autoinjector was compared to the PFS, the
median difference was 0.046 days (90% CI: 0.01-0.09).

Efficacy and safety
At week 12, mean percent improvement in PASI (mBOCF) was
89.3% (95% CI: 83.8-94.9) with the PFS and 86.9% (95% CI:
82.2-91.6) with the autoinjector (P < 0.001 vs. baseline for both
groups) (Table 3).

Both devices had safety results that were consistent with the
known safety profile of ixekizumab. Of the 48% of patients

Enrolled
N =282

Randomized
N =204

Randomized patients
80 mg Q2W prefilled syringe
N=102

PK evaluable patients
80 mg Q2W prefilled syringe
N=94

Randomized patients - Week 12

Completed, N = 96
Discontinued, N=6
Adverse event, N=2

Entry criteria not met, N=1
Protocol violation, N = 1
Lack of efficacy, N =1

Lost to follow-up, N =1

Randomized patients
80 mg Q2W autoinjector
N=102

PK evaluable patients
80 mg Q2W autoinjector
N=098

Randomized patients - Week 12

Completed, N = 94
Discontinued, N=8
Adverse event, N =1

Entry criteria not met, N=1
Protocol violation, N =2
Withdrawal by patient, N=3
Lack of efficacy, N=1

Figure 2 Patient disposition for all patients randomized to ixekizumab treatment via prefilled syringe or autoinjector and for PK-evalu-
able patients (patients who were compliant with the dosing regimen and PK sampling scheme, and patients who had at least four serum
samples and were not missing the last sample on day 14). PK, pharmacokinetic; 80 mg Q2W, 80-mg ixekizumab every 2 weeks.
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who experienced a TEAE, the majority of adverse events were
mild (n = 48, 24%) or moderate (n =42, 21%) in severity
(Table 3). Injection-site reaction was the most frequently
reported TEAE (>5% of patients in either device group). Most
TEAEs were judged by the investigators as possibly related to
the study drug (n = 40, 20%) and few were possibly related to
the device (n = 11, 5%). Each of the 11 possibly device-related
TEAEs involved administration-site conditions, 10 of which
occurred in the autoinjector group and one of which occurred

Table 1 Baseline demographics and clinical characteristics — all
randomized patients

80 mg Q2W 80 mg Q2w
PFS autoinjector
N =102 N =102
Age, year 46.3 £ 145 46.8 + 13.1
Male, n (%) 71 (70%) 71 (70%)
Race, n (%)
Caucasian 82 (80%) 95 (93%)
Black/African American 13 (13%) 5 (5%)
Asian 4 (4%) 2 (2%)
Other 3 (3%) 0 (0%)
BMI, kg/m? 31.0+ 76 31.7 + 941
Weight, kg 92.4 + 25.2 95.6 + 27.7
Weight category, n (%)
<80 kg 36 (35%) 35 (34%)
80-100 kg 32 (31%) 33 (32%)
>100 kg 34 (33%) 34 (33%)
Disease duration, year 18.7 + 13.7 19.1 + 13.0
Percentage of BSA 27.7 + 18.4 22.8 + 147
<20%, n (%) 44 (43%) 56 (55%)
>20%, n (%) 58 (57%) 46 (45%)
PASI score 211+ 94 17.8 £ 6.1

All data are mean + SD unless otherwise indicated as n (%).
BMI, body mass index; BSA, body surface area; PASI, Psoriasis Area and
Severity Index; 80 mg Q2W, 80-mg ixekizumab every 2 weeks.

in the PFS group. Three patients (1.5%) experienced an adverse
event that led to study drug discontinuation (Table 3). One
was an SAE reported as anaphylactic reaction 13 days after the
initial injection of the 160-mg initial dose using the autoinjec-
tor and 1 day after starting an antibiotic for sinusitis. The lack
of temporal relationship of the event to the study drug sug-
gested that this was not a case of true anaphylaxis. This patient
experienced shortness of breath and hives on the legs and arms,
and was treated with an antihistamine and prednisone as an
outpatient. A total of seven SAEs were reported during the 12-
week treatment period, three in the PFS and four in the autoin-
jector group (Table 3). Each SAE was different and was not
reported in more than one patient. There were no deaths
reported during the 12-week treatment period (Table 3).
Treatment-emergent abnormal laboratory values occurring
in >5% of patients included low bicarbonate (41.9%), high

25 . —e— Prefilled Syringe N = 94
—=— Autoinjector N = 98

20

Mean (+ SD) Serum
Ixekizumab Concentration (ug/mL)

0 2 4 6 8 10 12 14
Time (day)

Figure 3 Mean (+SD) serum ixekizumab concentration vs. time
profiles following a 160-mg subcutaneous dose using either a
prefilled syringe or an autoinjector in patients with moderate-to-
severe plaque psoriasis. SD, standard deviation.

Table 2 Summary of ixekizumab pharmacokinetic (PK) parameters in serum using either a PFS or an autoinjector — PK-evaluable

patients

80 mg Q2W

PFS

N=94
Cinax, hg/mL 15.0 (13.9-16.1)
fmax, day 3.97 (1.88-13.96)1
fiast, day 13.97 (13.80-14.18)
Ciast, hg/mL 8.98 (8.41-9.59)

AUCo.ast, g x day/mL§ 157 (147-168)

Data are reported as mean (90% Cl) unless otherwise noted.
*Geometric LS mean ratio of autoinjector to PFS (90% ClI for ratio).
ftMedian (minimum-maximum).

tMedian difference of autoinjector to PFS (90% CI of difference).

80 mg Q2W Autoinjector to
autoinjector PFS ratio/median difference
N=98

14.8 (13.8-15.9) 0.97 (0.89-1.06)"
4.00 (1.88-14.01)F 0.046 (0.01-0.09)}
13.98 (13.86-14.89) -

9.22 (8.52-9.98)

154 (144-165) 0.97 (0.89-1.05)*

§AUC.yast is equal to AUCq_14 gays, Where the last time point was 14 days + 24 h.
AUC.jast, area under the curve up to last time point; Ci.st, Observed concentration at the last time point; Ciax, maximum plasma concentration; Cl, confidence
interval; LS, least squares; PFS, prefilled syringe; 80 mg Q2W, 80-mg ixekizumab every 2 weeks; fst, last time point; tnax, time of Crax.
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Table 3 Efficacy and safety of ixekizumab delivered by either PFS
or autoinjector over the 12-week treatment period

80 mg Q2w 80 mg Q2W
PFS autoinjector
N =102 N =102

Percent of patients — ITT population

Mean PAS| improvement,  89.3% (83.8-94.9)  86.9% (82.2-91.6)*

mBOCF (95% ClI)

Number of patients (%) — safety analysis population

Discontinued due to an AE 2 (2.0%)T 1(1.0%)%

TEAEs 51 (50.0%) 46 (45.1%)
Mild 23 (22.5%) 25 (24.5%)
Moderate 25 (24.5%) 17 (16.7%)
Severe 3(2.9%) 4 (3.9%)

TEAESs in >5% of patients 8 (7.8%) 5(4.9%)
Injection site reaction§

SAEs 3(2.9%) 4 (3.9%)

Deaths 0 0

Table includes all events, regardless of investigator-reported relatedness to
the drug.

*P < 0.001 vs. baseline.

tDrug hypersensitivity, rash erythematous.

tAnaphylactic reaction.

§MedDRA preferred term.

AE, adverse event; ITT, intent-to-treat; MBOCF, modified baseline observa-
tion carried forward; PASI, Psoriasis Area and Severity Index; PFS, prefilled
syringe; 80 mg Q2W, 80-mg ixekizumab every 2 weeks; SAE, serious
adverse events; TEAE, treatment-emergent adverse events.

very-low-density lipoprotein cholesterol (20.7%) and high cre-
atinine clearance (14.0%). The majority of patients had leu-
kocyte (94.6%), lymphocyte (96.5%), neutrophil (94.1%) and
platelet count (98.5%) results that remained in the same
Common Terminology Criteria for Adverse Events grade cate-
gory from the baseline to post-baseline observation. No
patient had post-baseline Grade 3 or 4 leukocytes, lympho-
cytes or neutrophils. No patient had post-baseline Grades 2
to 4 platelets. The proportion of patients with treatment-
emergent high systolic blood pressure was 2.8% and for dias-
tolic pressure was 4.7% overall. No patient experienced a
treatment-emergent low systolic or diastolic blood pressure
value or low or high pulse rate.

Discussion

This study evaluated the PK of ixekizumab for two different
devices in addition to evaluating the efficacy and safety of each
device with approximately 100 patients per treatment arm. This
design allowed for a robust assessment of ixekizumab PK and its
variability by the administration of ixekizumab via PFS and
autoinjector. In this study, the PK of ixekizumab was similar
when administered SC by either the PFS or autoinjector; there-
fore, both devices appear to be suitable options for the adminis-
tration of ixekizumab in patients with moderate-to-severe
psoriasis.

JEADV 2017, 31, 107-113

Patients receiving ixekizumab with either device demon-
strated at least 85% improvement in PASI at week 12. Addition-
ally, similar percentages of patients reported TEAEs and SAEs.
These findings indicate that SC ixekizumab administered either
with an autoinjector or PFS is consistent with randomized, pla-
cebo-controlled, phase 3 clinical trials that demonstrated the
efficacy and safety of ixekizumab.

Limitations

The PK of ixekizumab was evaluated for only 14 days after
administration despite having an approximate 13-day half-life.
This was considered sufficient to characterize the PK of each
device in the most variable part of the exposure time profile
immediately after dosing. It should be considered that in this
population of patients with plaque psoriasis, the study duration
was only 12 weeks, which may limit longer-term generalizability
of device use.

Conclusions

The PK of ixekizumab is similar when given by SC administra-
tion by two different delivery methods — PFS and autoinjector.
Both devices provided similar drug exposure as well as signifi-
cant improvements in psoriasis symptoms, as measured by
percent change in PASI, and both had safety results consistent
with the known safety profile of ixekizumab. Given the similar
exposure delivered by both drug delivery devices, patients can be
offered a choice between the two devices for the management of
their disease.
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