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ABSTRACT

Introduction: The National Psoriasis Founda-
tion (NPF) recommends evaluating patient
response to treatment at week 12, with a target
response of B 1% body surface area (BSA)
affected by plaque psoriasis and an

acceptable response of BSA B 3% or C 75%
improvement. This post hoc analysis compared
the achievement of NPF target and accept-
able responses for ixekizumab (IXE) versus other
biologics.
Methods: Outcomes were evaluated at week 12
for patients with moderate-to-severe plaque
psoriasis from four head-to-head randomized
clinical trials (RCTs; UNCOVER-2, UNCOVER-3,
IXORA-R, and IXORA-S) and one real-world
prospective observational study (Psoriasis Study
of Health Outcomes; PSoHO). RCT patients
were treated with IXE or etanercept (ETN;
UNCOVER-2/3), guselkumab (GUS; IXORA-R),
or ustekinumab (UST; IXORA-S). PSoHO
patients were treated with anti-interleukin (IL)-
17A biologics (IXE, secukinumab, SEC) and
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other approved biologics for the treatment of
plaque psoriasis. Patients with missing out-
comes were imputed as non-responder imputa-
tion. For RCT data, statistical comparisons
between treatment groups were performed
using Fisher’s exact test with no multiplicity
adjustments. For real-world data, adjusted
comparative analyses were performed using
frequentist model averaging (FMA) and repor-
ted as odds ratio (OR).
Results: Across the four head-to-head clinical
trials analyzed, significantly higher proportions
of patients achieved target and acceptable re-
sponses at week 12 with IXE versus ETN, GUS,
or UST. Likewise, the proportion of PSoHO
patients achieving target and acceptable re-
sponse at week 12 was higher with IXE com-
pared with other individual biologics. Adjusted
comparative analyses showed that IXE had sig-
nificantly greater odds of target and accept-
able response at week 12 versus SEC, GUS,
risankizumab (RIS), adalimumab (ADA), UST,
and tildrakizumab (TILD) and numerically
greater odds of target and acceptable response at
week 12 versus brodalumab (BROD).
Conclusion: Across both clinical studies and
real-world settings, more patients treated with
IXE achieved NPF target and acceptable re-
sponses at week 12 compared with those treated
with other biologics.
Trial Registration: UNCOVER-2
(NCT01597245); UNCOVER-3 (NCT01646177);
IXORA-R (NCT03573323); IXORA-S
(NCT02561806); PSoHO (EUPAS24207).

Keywords: Biologics; Body surface area; Head-
to-head; Ixekizumab; National Psoriasis
Foundation; Plaque psoriasis; Real world;
Systemic therapies; Treat-to-target; Treatment
goals

Key Summary Points

Why carry out this study?

Very brief background leading to the
study.

The NPF recommends evaluating patient
response to treatment at week 12, with a
target response of BSA B 1% and an
acceptable response of BSA B 3% or
a C 75% improvement in BSA.

Numbers of patients achieving NPF
week 12 target and acceptable responses
for ixekizumab (IXE) versus other
biologics have not been demonstrated
across clinical trials or real-world studies
of plaque psoriasis.

What did the study ask?

This post hoc analysis aimed to compare
the achievement of NPF target and
acceptable responses at week 12 for IXE
versus other biologics across four head-to-
head clinical trials and the real-world
PSoHO observational study.

What was learned from the study?

What were the study
outcomes/conclusions?

Greater proportions of patients with
plaque psoriasis treated with IXE achieved
NPF target and acceptable responses at
week 12 compared with those treated with
other biologics.

What has been learned from the study?

IXE demonstrated therapeutic benefit in
providing patients with NPF-defined
target or acceptable responses at week 12
across clinical trial and real-world settings
and in both biologic (bio)-naı̈ve and bio-
experienced patients.
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INTRODUCTION

The NPF’s treatment targets for plaque psoriasis
provide a comprehensive treat-to-target (T2T)
strategy to guide therapeutic approaches for
clinical practice in the USA, with the goal of
reducing disease burden and improving patient
outcomes [1]. The aim of the development of
the guidelines was to establish defined treat-
ment targets toward which clinicians and
patients with psoriasis can strive to inform
treatment decisions, reduce disease burden, and
improve outcomes in practice. T2T recommen-
dations have also been developed for Canadian,
British, and Italian clinical practice [2–4]. The
primary treatment objective for plaque psoriasis
is clear or almost clear skin, and a key goal for
patients is to achieve rapid skin improvements
[5, 6]. Skin improvement can be measured by
several methods, including Psoriasis Area and
Severity Index, Physician’s Global Assessment,
and the percent change in BSA affected by pla-
que psoriasis. T2T strategies for plaque psoriasis
define specific target disease activity endpoints
and the recommended timeframes to achieve
them. The NPF T2T strategy recommends
assessing treatment response 12 weeks after
starting a new therapy [1]. The NPF-defined
target response at week 12 is BSA B 1% [1]. The
NPF additionally defines an acceptable response
at week 12 as BSA B 3%, or an improvement in
BSA of C 75% [1].

The proinflammatory cytokine IL-17A is a
key regulator of plaque psoriasis pathogenesis.
Ixekizumab (IXE) is a high-affinity monoclonal
antibody that selectively targets IL-17A and is
approved to treat moderate-to-severe plaque
psoriasis [7]. The therapeutic efficacy of IXE
compared with other psoriasis biologics has
been demonstrated across numerous head-to-
head clinical trials [8–12]. In addition to these
clinical data, real-world effectiveness of IXE has
been proven through real-world studies [13],
including PSoHO—an international, prospec-
tive, observational study comparing the effec-
tiveness of anti-IL-17A biologics (IXE and SEC)
with other approved biologics for the treatment
of moderate-to-severe plaque psoriasis [14–17].

Here, we assessed head-to-head clinical trial
and real-world data to compare the achieve-
ment of NPF target and acceptable responses at
week 12 in patients with plaque psoriasis trea-
ted with IXE versus other biologics.

METHODS

Study Design, Participants, and Treatment

This post hoc analysis includes data from four
head-to-head clinical trials (UNCOVER-2,
UNCOVER-3, IXORA-R, and IXORA-S) and one
real-world prospective observational study
(PSoHO). Each study included patients with
moderate-to-severe plaque psoriasis who were
treated with IXE by subcutaneous injection. The
US Food and Drug Administration (FDA)
approved on-label IXE dosing for adults with
moderate-to-severe plaque psoriasis is 160 mg at
week 0, followed by 80 mg every 2 weeks (Q2W)
from weeks 2–12, then 80 mg every 4 weeks
(Q4W) thereafter.

UNCOVER-2–3
UNCOVER-2 and UNCOVER-3 were two phase
3, randomized, double-blinded, placebo (PBO)-
controlled studies comparing the efficacy and
safety of IXE with ETN in adult patients with
moderate-to-severe plaque psoriasis. Study
design and patient eligibility criteria have pre-
viously been published [8]. This post hoc anal-
ysis integrated patients from the intent-to-treat
(ITT) populations of UNCOVER-2 and
UNCOVER-3. Patients were randomly assigned
in a 1:2:2:2 ratio to receive PBO, 50 mg ETN
twice weekly, 80 mg IXE Q2W, or 80 mg IXE
Q4W. Only patients who received IXE Q2W or
ETN were included in this analysis; patients
who received PBO or IXE Q4W were not
included.

IXORA-R
IXORA-R was a phase 4, 24-week, randomized,
double-blinded, parallel-group study comparing
the efficacy and safety of IXE with GUS in adult
patients with moderate-to-severe plaque psori-
asis. Study design and patient eligibility criteria
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have previously been published [11, 12]. This
post hoc analysis included patients from the ITT
population of IXORA-R. Patients were randomly
assigned in a 1:1 ratio to receive IXE or GUS at
the approved dosing; the approved dosing for
GUS is 100 mg at weeks 0 and 4, followed by
100 mg Q8W thereafter.

IXORA-S
IXORA-S was a phase 3b, 52-week, randomized,
double-blinded, parallel-group study comparing
the efficacy and safety of IXE with ustekinumab
(UST) in adult patients with moderate-to-severe
plaque psoriasis. Study design and patient eli-
gibility criteria have previously been published
[9]. This post hoc analysis included patients
from the ITT population of IXORA-S. Patients
were randomly assigned in a 1:1 ratio to receive
IXE or UST. IXE was administered per approved
label dosing. UST-treated patients were dosed at
weeks 0, 4, 16, 28, and 40 according to their
weight; patients weighing B 100 kg received
45 mg, and patients weighing[100 kg received
90 mg.

PSoHO
PSoHO is an ongoing 3-year, prospective,
international, observational study reflecting
treatment with biologics within real-world set-
tings. A detailed description of the study design
has previously been published [14–16]. PSoHO
includes adult patients from 23 countries who
had a confirmed diagnosis of moderate-to-sev-
ere plaque psoriasis at least 6 months prior to
baseline and who initiated or switched biologic
treatment during routine medical care. Biolog-
ics used in this study are the anti-IL-17A bio-
logics (IXE and SEC) and other approved
biologics for the treatment of moderate-to-sev-
ere plaque psoriasis. The other approved bio-
logics target IL-17 receptor A (BROD), tumor
necrosis factor a [ADA, certolizumab (CZP),
ETN, infliximab (INF)], IL-23 p19 (GUS, RIS, and
TILD), or IL-12/23 p40 (UST). This post hoc
analysis included 1773 patients receiving the US
FDA-approved on-label (US OL) dosing.

Ethics Statement

All study protocols, amendments, and consent
documentation were approved by the necessary
central or local institutional review boards (IRB)
and/or ethics committees. All patients were
required to give written informed consent prior
to participation in UNCOVER-2, UNCOVER-3,
IXORA-R, IXORA-S, or PSoHO. Each study was
conducted in compliance with local laws and
regulations and according to International
Conference on Harmonization, Good Clinical
Practice guidelines, and the Declaration of
Helsinki of 1964 and its later amendments. We
confirm that the necessary central or local IRB
and/or ethics committee approvals have been
obtained for each study. Approvals can be pro-
vided on request.

Outcome Measures

The two primary outcomes of the present
analysis are the proportions of patients achiev-
ing (i) NFP-defined target responses of BSA
B 1% and (ii) NFP-defined acceptable responses
of BSA B 3% or a BSA improvement of 75% or
more at week 12.

Statistical Analyses

Head-to-Head Clinical Trial Data
The post hoc analysis of RCT data report pro-
portions with 95% confidence intervals (CI) of
patients achieving NPF target and accept-
able responses at week 12 among the ITT
(overall) populations of UNCOVER-2 and
UNCOVER-3 (IXEQ2W, N = 736; ETN,
N = 740), IXORA-R (IXE, N = 520; GUS,
N = 507), and IXORA-S (IXE, N = 136; UST,
N = 166), as well as the respective biologic (bio)-
naı̈ve and bio-experienced subpopulations of
each trial. Post hoc statistical comparisons
between treatment groups were performed
using Fisher’s exact test with no multiplicity
adjustments, where patients with missing out-
comes were imputed as non-responder imputa-
tion (NRI).
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Real-World Data (PSoHO)
This post hoc analysis used real-world data from
PSoHO to measure achievement of NPF target
and acceptable responses among the US OL
(overall) population (N = 1773), as well as its
bio-naı̈ve and bio-experienced subpopulations.
The target response analysis included 1697
(96%) patients who had greater than 1% BSA
baseline involvement. The acceptable response
analysis included 1635 (92%) patients who had
greater than 3% BSA baseline involvement.
Proportions with 95% CI were calculated for
patients achieving NPF target and accept-
able responses at week 12. The adjusted com-
parative effectiveness of the anti-IL-17A
biologics versus other approved biologics
cohort, and of IXE versus each individual bio-
logic, was evaluated using FMA and reported as
OR with 95% CI; an overview of this data-driven
methodology has been described previously
[15]. FMA is an advanced data-driven modeling
approach that combines machine learning
approach with model averaging technique to
decrease the chance of model misspecification;
this approach aims to adjust confounding fac-
tors on model outcome in real-world settings
[18]. In the current analysis, the statistical
models could not converge for certolizumab,
etanercept, or infliximab due to their small
sample sizes, so these individual treatments
were excluded from the analysis. The main
analysis of all patient data applied NRI for
patients with missing binary outcomes.

RESULTS

Clinical Data from Head-to-Head Trials

Patients
For the overall populations of UNCOVER-2 and
UNCOVER-3 (N = 2570), IXORA-R (N = 1027),
and IXORA-S (N = 302), the mean (standard
deviation) BSA involvement at baseline was
27.2% (16.8), 23.9% (15.8), and 27.1% (16.6),
respectively. The majority of study participants
were bio-naı̈ve: UNCOVER-2 and UNCOVER-3,

80.7%; IXORA-R, 73.4%; IXORA-S, 85.8%.
Overall patient demographics and disease
characteristics have been published previously
for each of these clinical trials [8, 9, 11, 12].
Table 1 provides the baseline demographics and
disease characteristics of the treatment arms
included in the present analysis, from the
overall patient population as well as two sub-
populations who achieved either NPF target or
acceptable responses at week 12. Baseline
patient profiles were similar between treatment
groups across each population.

Achievement of NPF Target Responses
at Week 12
Across the four head-to-head clinical trials
analyzed, significantly higher proportions of
patients achieved BSA B 1% at week 12 with
IXE versus other biologics (Fig. 1A). In
UNCOVER-2 and UNCOVER-3, 52.2% (CI
48.6–55.8) of IXE-treated patients achieved tar-
get responses at week 12 compared with 14.9%
(CI 13.1–16.7) of ETN-treated patients
(p\ 0.001). In IXORA-R, 61.0% (CI 56.8–65.2)
of IXE-treated patients achieved target respon-
ses at week 12 compared with 44.8% (CI
40.4–49.1) of GUS-treated patients (p\0.001).
In IXORA-S, 50.7% (CI 42.3–59.1) of IXE-treated
patients achieved target responses at week 12
compared with 24.1% (CI 17.6–30.6) of UST-
treated patients (p\ 0.001).

These findings were consistent across the
bio-naı̈ve and bio-experienced subpopulations
of each trial (Fig. 1B–C).

Achievement of NPF Acceptable Responses
at Week 12
Across the four head-to-head clinical trials
analyzed, significantly higher proportions of
patients achieved BSA B 3% or a C 75%
improvement in BSA at week 12 with IXE versus
other biologics (Fig. 2A). In UNCOVER-2 and
UNCOVER-3, 73.6% (CI 70.5–76.8) of IXE-trea-
ted patients achieved acceptable responses at
week 12 compared with 35.7% (CI 33.2–38.1) of
ETN-treated patients (p\ 0.001). In IXORA-R,
81.3% (CI 78.0–84.7) of IXE-treated patients
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achieved acceptable responses at week 12 com-
pared with 70.6% (CI 66.6–74.6) of GUS-treated
patients (p\ 0.001). In IXORA-S, 81.6% (CI
75.1–88.1) of IXE-treated patients achieved
acceptable responses at week 12 compared with
52.4% (CI 44.8–60.0) of UST-treated patients
(p\ 0.001).

These findings were consistent across the
bio-naı̈ve and bio-experienced subpopulations
of each trial (Fig. 2B–C).

Real-World Data (PSoHO) Patients

For the 1773 PSoHO patients who received US
OL dosing, the mean (standard deviation) BSA
involvement at baseline was 21.7% (17.9). The
majority (n = 1127, 63.6%) of these patients
were bio-naı̈ve. Table 2 provides the baseline
demographics and disease characteristics for the
overall US OL population as well as the anti-IL-
17A, other biologics, and individual treatment
groups. At baseline, 40.6% (n = 720) initiated an
anti-IL-17A biologic (IXE or SEC) and 59.4%
(n = 1053) received other biologics. The US OL
patient profiles were comparable between the
anti-IL-17A cohort and other biologics cohort
with few exceptions, similar to what has been
described for the total PSoHO study population
[15]. The average age in the anti-IL-17A cohort
was higher than that in the other biologics
cohort (47 years versus 44 years). Conversely,
more patients in the other biologics cohort had
received prior conventional treatments (82.1%
versus 74.4%), while no statistical difference
was found in the prior use of biologics.

Table S1 in the electronic supplementary
material details the use of concomitant medi-
cations, prior non-biologic systemic therapies,
and prior biologic therapies for the overall US
OL population as well as the anti-IL-17A, other
biologics, and individual treatment groups.

Achievement of NPF Target Responses
at Week 12
Proportions of PSoHO patients who achieved
BSA B 1 at week 12 for the anti-IL-17A cohort
and other biologics cohort were 52.0% and

39.4%, respectively (Fig. S1 in the electronic
supplementary material). Significantly, the anti-
IL-17A cohort had approximately two times
greater odds (OR 1.8) of achieving target
responses compared with the other biologics
cohort. Similarly, in the bio-naı̈ve and bio-ex-
perienced subpopulations, unadjusted response
rates and adjusted ORs for target responses were
greater for the anti-IL-17A cohort compared
with the other biologics cohort (Supplementary
Fig. S1).

Proportions of patients achieving BSA B 1 at
week 12 were numerically higher with IXE
compared with other individual biologics
(Fig. 3). A total of 54.2% of patients treated with
IXE achieved target response at week 12 com-
pared with 47.1% with SEC, 40.5% with GUS,
47.1% with RIS, 32.6% with ADA, 26.9% with
UST, 33.3% with TILD, and 53.6% with BROD
(Fig. 3). Adjusted comparative analyses showed
that IXE had significantly greater odds of target
response versus SEC (OR 1.4), GUS (OR 1.6), RIS
(OR 1.4), ADA (OR 2.9), UST (OR 3.6), and TILD
(OR 2.7) (Fig. 3). Notably, IXE-treated patients
had approximately three times greater odds of
achieving target responses compared with those
who received ADA, UST, or TILD (Fig. 3). IXE
also had numerically greater odds of target
response versus BROD (OR 1.1) (Fig. 3).

Across both the bio-naı̈ve and bio-experi-
enced subpopulations, the adjusted ORs for
target response and the proportions of patients
achieving BSA B 1% were numerically higher
with IXE compared with other individual bio-
logics, except for BROD in bio-naı̈ve patients
(Fig. 4). With all biologics apart from UST, pro-
portions of patients achieving BSA B 1% were
lower among bio-experienced patients com-
pared with bio-naı̈ve patients. Among bio-naı̈ve
patients, IXE had significantly greater odds of
achieving target response versus SEC (OR 1.6),
GUS (OR 1.6), ADA (OR 2.9), UST (OR 4.6), and
TILD (OR 2.8); numerically greater odds of
achieving target response versus RIS (OR 1.5);
and equivalent odds of achieving target
response versus BROD (OR 1.0) (Fig. 4a). Nota-
bly, the odds of bio-naı̈ve patients achieving
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target response with IXE were almost five times
greater versus UST and approximately three
times greater versus ADA and TILD (Fig. 4a).
Among bio-experienced patients, IXE had sig-
nificantly greater odds of achieving target
response versus the IL-23 p19 inhibitors GUS
(OR 1.8) and TILD (OR 2.3) and numerically
greater odds of achieving target response versus
RIS (OR 1.4) (Fig. 4b). In bio-experienced
patients, the odds of achieving target response
also reached statistical significance for IXE ver-
sus ADA (OR 3.0) and were numerically greater
for IXE versus SEC (OR 1.3), UST (OR 2.4), and
BROD (OR 2.0) (Fig. 4b).

Achievement of NPF Acceptable Responses
at Week 12
Proportions of PSoHO patients who achieved
BSA B 3% or a C 75% improvement in BSA at
week 12 for the anti-IL-17A cohort and other
biologics cohort were 74.1% and 61.4%,
respectively (Fig. S2 in the electronic supple-
mentary material). Significantly, the anti-IL-
17A cohort had two times greater odds (OR 2.0)
of achieving acceptable responses compared
with the other biologics cohort. In the bio-naı̈ve
and bio-experienced subpopulations, unad-
justed response rates and adjusted ORs for
acceptable response were also greater for the
anti-IL-17A cohort compared with the other
biologics cohort (Supplementary Fig. S2).

Proportions of patients achieving BSA B 3%
or a C 75% improvement in BSA at week 12 was

numerically higher with IXE compared with
other individual biologics (Fig. 5). A total of
77.0% of patients treated with IXE achieved
acceptable response at week 12 compared with
67.2% with SEC, 62.7% with GUS, 70.6% with
RIS, 55.2% with ADA, 51.0% with UST, 60.3%
with TILD, and 67.9% with BROD. Adjusted
comparative analyses showed that IXE-treated
patients had significantly greater odds of
achieving acceptable responses compared with
SEC (OR 1.8), GUS (OR 1.6), RIS (OR 1.5), ADA
(OR 3.2), UST (OR 3.4), and TILD (OR 2.4)
(Fig. 5). Notably, IXE had more than two times
greater odds of acceptable responses versus TILD
and more than three times greater odds of
acceptable responses versus ADA and UST. IXE
also had numerically greater odds of accept-
able response compared with BROD (OR 1.9)
(Fig. 5).

Across both the bio-naı̈ve and bio-experi-
enced subpopulations, the adjusted ORs for
acceptable response and the proportions of
patients achieving BSA B 3% or a C 75%
improvement were numerically higher with IXE
compared with all other individual biologics
(Fig. 6). With all biologics apart from ADA,
proportions of patients achieving BSA B 3% or
a C 75% improvement were lower among bio-
experienced patients compared with bio-naı̈ve
patients. Among bio-naı̈ve patients, IXE had
significantly greater odds of achieving accept-
able response versus SEC (OR 2.0), ADA (OR
3.1), UST (OR 3.8), and TILD (OR 2.0) and
numerically greater odds of achieving accept-
able response versus GUS (OR 1.6), RIS (OR 1.6),
and BROD (OR 1.8) (Fig. 6a). Among bio-expe-
rienced patients, IXE had significantly greater
odds of achieving acceptable response versus
the IL-23 inhibitors GUS (OR 2.2) and TILD
(OR 3.3) and numerically greater odds of
achieving acceptable response versus RIS
(OR 1.4) (Fig. 6b). Bio-experienced patients
treated with IXE also had numerically greater
odds of achieving acceptable response versus
SEC (OR 1.5), ADA (OR 3.0), UST (OR 3.1), and
BROD (OR 2.7) (Fig. 6b).

bFig. 1 NPF target treatment responses in head-to-head
clinical trials. Proportions (%) of patients who achieved
BSA B 1% at week 12 among the a overall population,
b bio-naı̈ve subpopulation, and c bio-experienced subpop-
ulation of the UNCOVER-2 and UNCOVER-3, IXORA-
R, and IXORA-S head-to-head clinical trials. Percentages
are shown with 95% CI. Missing data were imputed by the
NRI method. bio biologic, BSA body surface area, CI
confidence interval, ETN etanercept, GUS guselkumab,
IXE Q2W ixekizumab every 2 weeks, NPF National
Psoriasis Foundation, NRI non-response imputation,
UST ustekinumab
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DISCUSSION

The T2T strategy for plaque psoriasis that was
established by the NPF recommends evaluating
patient response to treatment at week 12, with a
target response of BSA B 1% and an accept-
able response of BSA B 3% or a C 75%
improvement in BSA [1]. Across all studies
included in the present analysis, more than half
of IXE-treated patients achieved NPF target
(Figs. 1A, 3) and acceptable (Figs. 2A, 5)
responses at week 12. Rapid skin improvement
is one of the most important treatment goals
targeted by patients with plaque psoriasis [5, 6].
Skin improvements have been associated with a
lower Dermatology Life Quality Index (corre-
sponding to less impaired health-related quality
of life) in patients with plaque psoriasis from
RCTs [11, 19] and real-world observational
studies [16]. Clinical improvements in ixek-
izumab-treated patients were accompanied by
rapid improvements in health-related quality-
of-life measures in the UNCOVER 2 and 3 trials
[20]. Additionally, a study from the CorEvitas
Psoriasis Registry showed that real-world
patients not meeting the NPF target or accept-
able treatment responses at 6 months post-
treatment initiation had higher odds for worse
quality of life compared with patients who had
achieved these respective targets [21]. The
results of the present analysis demonstrate the
rapid skin resolution achieved with IXE

compared with other biologics and reinforce its
therapeutic benefits [15, 22] from a patient
perspective.

A strength of the current study is that it
assessed the achievement of NPF target and
acceptable responses at week 12 using both
clinical and real-world data. The results showed
that numerically higher proportions of patients
with plaque psoriasis treated with IXE achieved
NPF target and acceptable responses at week 12
compared with those treated with other bio-
logics across both clinical (Figs. 1a, 2a) and real-
world (Figs. 3, 5) settings. Adjusted comparative
analyses of real-world data also showed that IXE
had greater overall odds of target (Fig. 3) and
acceptable (Fig. 5) responses versus other bio-
logics. These real-world data additionally
established that patients treated with anti-IL-
17A biologics had significantly greater target
and acceptable response rates compared with
those who received other biologic classes.

Another strength of the present analysis is
that it considered treatment responses among
the bio-naı̈ve and bio-experienced subpopula-
tions of each study. In psoriasis, bio-experi-
enced patients treated with biologics are
reported to have lower response rates and lower
drug survival compared with bio-naı̈ve patients
[14, 23–25]. Here, the real-world proportions
achieving target and acceptable responses ten-
ded to be lower among bio-experienced patients
compared with bio-naı̈ve patients. Nevertheless,
IXE demonstrated a numerically greater, and in
some cases statistically significant, benefit ver-
sus other biologics in both the bio-naı̈ve and
bio-experienced subpopulations, except for tar-
get response versus BROD in the real-world bio-
naı̈ve subpopulation. Notably, the adjusted
analyses of real-world bio-naı̈ve and bio-expe-
rienced subpopulations showed that the odds of
target response for IXE versus UST in the bio-
naı̈ve subpopulation were almost double that of
IXE versus UST in the bio-experienced subpop-
ulation (OR 4.6 versus 2.4). Conversely, IXE had
numerically greater odds of achieving target
response versus BROD in the bio-experienced

bFig. 2 NPF acceptable treatment responses in head-to-
head clinical trials. Proportions (%) of patients who
achieved BSA B 3% or a C 75% improvement in BSA at
week 12 among the a overall population, b bio-naı̈ve
subpopulation, and c bio-experienced subpopulation of the
UNCOVER-2 and UNCOVER-3, IXORA-R, and
IXORA-S head-to-head clinical trials. Percentages are
shown with 95% CI. Missing data were imputed by the
NRI method. bio biologic, BSA body surface area, CI
confidence interval, ETN etanercept, GUS guselkumab,
IXE Q2W ixekizumab every 2 weeks, NPF National
Psoriasis Foundation, NRI non-response imputation,
UST ustekinumab
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subpopulation (OR 2.0) but equal odds among
bio-naı̈ve patients (OR 1.0).

There are several limitations to the current
study, including the small sample size in some
subpopulations, which limit the generalizability
of results. The execution and statistical preci-
sion of the comparative analyses were con-
strained by the number of representative
patients in each treatment cohort; larger sample
sizes translate to higher statistical precision,
whereas smaller sample sizes result in lower
stability models and broader confidence inter-
vals. This post hoc analysis excluded the results
of certolizumab, etanercept, and infliximab
from the individual biologics due to the small
sample, which prevented convergence of the
statistical models. Regarding the clinical trials
included in the present analysis, the predomi-
nantly white study population of UNCOVER-
2–3 [8] and the fact that IXORA-R was con-
ducted only in the USA and Canada [11, 12]
limit the general applicability of these results.T
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Fig. 3 Actual response rates and comparative adjusted
odds ratios for NPF target treatment responses in the real-
world Psoriasis Study of Health Outcomes. Missing data
were imputed using the NRI method for proportions (%)
of patients who achieved BSA B 1% at week 12. Adjusted
odds ratios calculated using FMA. Results are statistically
significant if 1 is not covered by the 95% CI for the odds
ratio. For lower CIs presented as 1.0, * denotes that the
lower CI is greater than 1. BSA body surface area, CI
confidence interval, FMA frequentist model averaging,
NPF National Psoriasis Foundation, NRI non-response
imputation
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However, inclusion of real-world data from the
PSoHO observational study, which was con-
ducted across 23 countries, may offset some of
these limitations. Detailed descriptions of the
limitations of PSoHO have previously been
published [14–16, 26]. Additionally, as an
observational study, PSoHO has inherent limi-
tations, including measured and unmeasured
confounding and other bias compared with
RCTs. The application of FMA can accommo-
date for some of these uncertainties in model
choice through the machine learning frame-
work [18].

CONCLUSION

This analysis demonstrates the therapeutic
benefit of IXE compared with other biologics in
providing patients with NPF-defined target or
acceptable responses at week 12. The comple-
mentary clinical trial and real-world data pre-
sented here provide additional evidence
supporting the rapid skin resolution achieved
with IXE treatment, which has previously been
proven to improve health-related quality of life
in patients [11, 16, 19].

Fig. 4 Actual response rates and comparative adjusted
odds ratios for NPF target treatment responses in a bio-
naı̈ve and b bio-experienced subpopulations from the real-
world Psoriasis Study of Health Outcomes. Missing data
were imputed using the NRI method for proportions (%)
of patients who achieved BSA B 1% at week 12. Adjusted
odds ratios calculated using FMA. Results are statistically

significant if 1 is not covered by the 95% CI for the odds
ratio. For lower CIs presented as 1.0, * denotes that the
lower CI is greater than 1. bio biologic, BSA body surface
area, CI confidence interval, FMA frequentist model
averaging, NPF National Psoriasis Foundation, NRI non-
response imputation

Fig. 5 Actual response rates and comparative adjusted
odds ratios for NPF acceptable treatment responses in the
real-world Psoriasis Study of Health Outcomes. Missing
data were imputed using the NRI method for proportions
(%) of patients who achieved BSA B 3% or a C 75%
improvement in BSA at week 12. Adjusted odds ratios
calculated using FMA. Results are statistically significant if
1 is not covered by the 95% CI for the odds ratio. For
lower CIs presented as 1.0, * denotes that the lower CI is
greater than 1. BSA body surface area, CI confidence
interval, FMA frequentist model averaging, NPF National
Psoriasis Foundation, NRI non-response imputation
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