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ABSTRACT

Introduction: We evaluated baseline itch and
its impact on the efficacy of ixekizumab (IXE) in
clearing psoriasis and improving quality-of-life
measures, and we explored the relationship
between itch and psoriatic skin improvement.
Methods: Data were analyzed from two double-
blind, randomized, controlled phase III studies

(UNCOVER-2/3) comparing etanercept (ETN),
IXE, and placebo (PBO) in patients with mod-
erate-to-severe plaque psoriasis. Long-term
analysis included UNCOVER-3 data from week
0 to week 156.
Results: At week 12, a clinically meaningful
improvement in itch [Itch Numeric Rating Scale
(NRS) reduction C 4] was seen in 70.0%, 88.6%,
and 90.8% of the IXE-treated patients in the
baseline Itch NRS 4–6, 7–8, and 9–10 groups,
respectively (all itch severity groups p\0.001
versus ETN and PBO). Also, 68.9%, 67.1%, and
73.6% of the IXE-treated patients in the base-
line Itch NRS 4–6, 7–8, and 9–10 groups,
respectively, showed an improvement of
C 90.0% in the Psoriatic Area and Severity
Index (PASI) at week 12 as compared to the
baseline (PASI 90) (all itch severity groups
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p\0.001 versus ETN and PBO). For most
patients, itch reduction preceded psoriatic pla-
que improvement. Sustained effects of IXE on
itch and PASI were observed during 3 years of
treatment.
Conclusions: Regardless of baseline itch sever-
ity, IXE treatment provided a rapid improve-
ment in itch followed by clinically meaningful
improvements in psoriasis.
Funding: Eli Lilly and Company.
Trial registration: ClinicalTrials.gov identi-
fiers, NCT01597245 and NCT01646177.
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INTRODUCTION

In patients with psoriasis, itch is a highly
prevalent and frequently troublesome symptom
with a negative impact on quality of life,
including social and emotional functioning
[1–4]. Despite this evidence, there may be a
discrepancy between the patient’s experience
and the physician’s evaluation of this symptom.
In the Multinational Assessment of Psoriasis
and Psoriatic Arthritis survey regarding physi-
cians’ perspectives on the management of pso-
riasis and psoriatic arthritis, 38.0% of patients
with plaque psoriasis but only 7.4% of derma-
tologists identified itch as an important symp-
tom [5]. The symptoms of psoriasis, including
itch, are exacerbated by increased inflammation
as well as by scratching. The result can be a
vicious itch–scratch cycle, which may even
cause new psoriasis plaques [6]. Controlling
chronic itch and breaking the itch–scratch cycle
can improve quality of life and reduce or even
prevent future psoriasis relapses [7]. Recent
research implicates a role of the nervous system
in the pathophysiology of psoriasis [8]. The
psoriasis-associated itch mediators, however,
have yet to be identified [9].

Biologic drugs have proven effective for treat-
ing plaque psoriasis, including associated itch.
Studies show that biologics targeting the cytoki-
nes tumor necrosis factor alpha, interleukin (IL)-
12/-23, and IL-17A significantly reduce itch in
patients with moderate-to-severe plaque psoriasis

[10–13]. Drugs that inhibit or attenuate the
activity of IL-17A have demonstrated particular
efficacy in rapidly reducing itch [7]. Ixekizumab
(IXE) is a high-affinity monoclonal antibody that
selectively targets IL-17A, acting as an IL-17A
antagonist. IXE has been shown to be signifi-
cantly more effective than etanercept (ETN)
[10, 14, 15], ustekinumab [11], methotrexate [16],
and fumaric acid esters [16] in patients with
moderate-to-severe plaque psoriasis.

The main objective of this post hoc explora-
tory analysis was to compare the short-term
(12 weeks of therapy) efficacy of IXE to that of
ETN based on itch severity at baseline. Further
objectives were to describe how itch severity
correlates with other baseline patient charac-
teristics and to assess whether there is an asso-
ciation between itch improvement and psoriatic
skin improvement with both short-term and
long-term IXE treatment. The Itch Numeric
Rating Scale (NRS) was used to determine base-
line itch severity as well as to demonstrate a
clinically meaningful itch improvement,
defined as a reduction of 4 points or more [17].
Psoriatic skin improvement was assessed using
the Psoriatic Area and Severity Index (PASI),
with a focus on achieving an improvement of at
least 90.0% from the baseline (PASI 90).

METHODS

Study Design and Patients

The current report assessed integrated data from
two phase III multicenter, randomized, double-
blind, placebo- and ETN-controlled parallel-
group trials [UNCOVER-2 (NCT01597245) and
UNCOVER-3 (NCT01646177)]. Two separate
datasets were analyzed: the first comprised
pooled data from UNCOVER-2 and 3
(UNCOVER-2/3) covering the first 12 weeks
(induction period) of treatment; the second
comprised long-term data for 3 years from the
UNCOVER-3 trial.

Both trials have been published previously
[10]. Briefly, eligible patients were C 18 years of
age with a confirmed diagnosis of chronic pla-
que psoriasis for at least 6 months before
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baseline, had a PASI score of C 12 at both
screening and baseline visits, had C 10% body
surface area (BSA) involvement, had a clinician-
rated static Physician’s Global Assessment
Severity Index (sPGA) score of C 3, and were
candidates for phototherapy and/or systemic
therapy.

The protocols and informed consent forms for
these studies were approved by an investigational
review board at each site. The studies were con-
ducted in accordance with the ethical principles
of good clinical practice and the Declaration of
Helsinki and its guidelines. Written informed
consent was obtained from each patient at study
entry before any study procedures.

For both the UNCOVER-2 and -3 trials,
patients were randomized to treatment groups
receiving 80 mg IXE every 2 weeks (IXE Q2W;
N = 736) or 4 weeks (IXE Q4W; N = 733) after a
160-mg starting dose, or ETN 50 mg twiceweekly
(ETN; N = 740), or placebo (PBO; N = 361). All
patients who participated in the long-term
extension of the UNCOVER-3 trial were treated
with IXE Q4W (N = 1274) beginning at week 12.
At week 60, the dose could be increased to IXE
Q2W if deemed necessary by the investigator. In
the case of uptitration, patients continued to
receive IXE treatment every 2 weeks until dis-
continuation or the end of the long-term
extension period at 264 weeks (the data for week
0 to week 156 are considered in this analysis).

Efficacy Endpoints

The main efficacy endpoints for these analyses
were the following: the proportions of patients
achieving PASI 90; PASI scores of B 1, B 2,
and B 5; C 4-point improvement in Itch NRS;
complete resolution of itch as defined by an Itch
NRS of 0; a Dermatology Life Quality Index
(DLQI) score of 0 or 1, indicating that the
patient’s psoriasis has no effect on their quality
of life; and the mean change in Itch NRS.
Additional analyses included the proportions of
patients achieving an improvement in PASI of
at least 75.0% compared to baseline (PASI 75)
and complete resolution of psoriasis plaques,
defined as 100.0% improvement in PASI from
baseline (PASI 100). The relationship between

Itch NRS and PASI in terms of speed and order
of improvement was also assessed.

Statistical Analysis

Demographic analyses were based on the
intent-to-treat (ITT) population. Unless other-
wise noted, short-term and long-term efficacy
analyses were conducted in the ITT population
with a baseline Itch NRS of C 4. Analysis of Itch
NRS 0 and DLQI 0/1 included ITT patients who
had a baseline Itch of NRS C 1.

Because the final approved dose was IXE
Q2W for the induction period and IXE Q4W for
the maintenance period, the IXE Q4W findings
were not presented for the 12-week UNCOVER-
2/3 dataset, and only findings from the IXE
Q2W followed by IXE Q4W (IXE Q2W/IXE
Q4W) arm are presented for the long-term
dataset. Visits after uptitration to the Q2W dose
were excluded from the long-term UNCOVER-3
comparisons, as this dosing is not approved for
the maintenance period. Because of the re-ran-
domization of responders at week 12 in the
UNCOVER-2 study, long-term data from this
trial are not included here. Analyses were per-
formed based on subgroups of itch severity at
baseline (Itch NRS 0, 1–3, 4–6, 7–8, and 9–10).

Baseline characteristics and demographics
were compared between baseline itch severity
groups using the Cochran–Mantel–Haenszel test
stratified by study for categorical data and anal-
ysis of variance for continuous data, with treat-
ment and study considered to be independent
factors. Missing data were imputed using a
nonresponder imputation method for the
12-week UNCOVER-2/3 dataset and a multiple
imputations method for the long-term
UNCOVER-3 dataset. The multiple imputation
was a partial imputation of nonmonotone
missing data (i.e., for intermittent missing data)
using the Markov chain Monte Carlo method
with the simple imputation model and then, for
the monotone missing data, a sequential
regressionmultiple imputationwith the baseline
score. Observed cases in patients who were still
on the treatment were also analyzed in the long-
term UNCOVER-3 dataset. For the short-term
dataset binary endpoints, a logistic regression
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Table 1 Baseline patient demographics and clinical characteristics by baseline Itch NRS severity group (UNCOVER-2 and
3)

Itch NRS 0

(N = 50)

Itch NRS 1–3

(N = 369)

Itch NRS 4–6

(N = 660)

Itch NRS 7–8

(N = 930)

Itch NRS 9–10

(N = 550)

p value

Gender, n (%) \ 0.001

Male 34 (68.0) 296 (80.2) 472 (71.5) 620 (66.7) 309 (56.2)

Female 16 (32.0) 73 (19.8) 188 (28.5) 310 (33.3) 241 (43.8)

Race, n (%) 0.022

Asian 4 (8.0) 10 (2.7) 18 (2.7) 29 (3.1) 17 (3.1)

Black or African American 0 6 (1.6) 13 (2.0) 24 (2.6) 27 (4.9)

Caucasian 46 (92.0) 348 (94.8) 624 (94.5) 856 (92.3) 490 (89.6)

Other 0 3 (0.8) 5 (0.8) 18 (1.9) 14 (2.5)

Geographic region, n (%) \ 0.001

Europe 31 (62.0) 210 (56.9) 342 (51.8) 354 (38.1) 159 (28.9)

North America 14 (28.0) 142 (38.5) 280 (42.4) 524 (56.3) 350 (63.6)

BMI (kg/m2), mean (SD) 29.712 (7.4257) 29.050 (6.1855) 29.772 (6.5925) 30.748 (6.8091) 32.404 (8.2554) \ 0.001

Baseline PSSI score, mean

(SD)

15.7 (12.72) 18.0 (12.34) 19.9 (14.58) 20.1 (14.56) 21.0 (15.32) 0.021

Baseline PPASI score, mean

(SD)

4.0 (2.70) 6.7 (8.26) 7.5 (10.46) 8.4 (10.38) 11.0 (13.39) 0.007

Baseline Skin Pain VAS,

mean (SD)

12.5 (22.32) 16.0 (19.07) 31.9 (24.08) 48.9 (27.08) 67.0 (27.58) \ 0.001

Baseline BSA, mean (SD) 25.9 (14.60) 25.5 (14.61) 26.9 (16.63) 26.3 (16.28) 30.3 (19.18) \ 0.001

Baseline sPGA, mean (SD) 3.4 (0.49) 3.4 (0.54) 3.5 (0.56) 3.6 (0.60) 3.7 (0.64) \ 0.001

Baseline PASI, mean (SD) 18.7 (6.35) 18.5 (6.11) 20.0 (7.55) 20.2 (7.71) 22.3 (8.81) \ 0.001

Baseline DLQI, mean (SD) 6.8 (5.62) 7.0 (5.05) 10.2 (5.79) 13.0 (6.18) 17.2 (6.80) \ 0.001

Age at enrollment (years),

mean (SD)

46.6 (12.81) 46.2 (12.77) 45.0 (13.51) 44.7 (13.04) 46.4 (12.65) 0.070

Duration of psoriasis (years),

mean (SD)

21.3 (11.94) 19.3 (12.13) 18.7 (12.14) 17.9 (12.19) 18.0 (12.85) 0.116

Previous use of nonbiologic

systemic therapy, n (%)

23 (46.0) 169 (45.8) 292 (44.2) 466 (50.1) 262 (47.6) 0.178

Previous use of biologic

systemic therapy, n (%)

10 (20.0) 51 (13.8) 111 (16.8) 176 (18.9) 148 (26.9) \ 0.001

Facial psoriasis, n (%) 21 (42.0) 138 (37.4) 274 (41.5) 422 (45.4) 275 (50.0) 0.005

Scalp psoriasis, n (%) 40 (80.0) 318 (86.2) 598 (90.6) 864 (92.6) 503 (91.5) \ 0.001

BMI body mass index, BSA body surface area, DLQI Dermatology Life Quality Index, N total number of patients, NRS Numeric

Rating Scale, PASI Psoriasis Area and Severity Index, PPASI Palmoplantar Psoriasis Area and Severity Index, PSSI Psoriasis Scalp

Severity Index, SD standard deviation, sPGA static Physician’s Global Assessment, VAS visual analog scale
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analysiswas used,with treatment, subgroup, and
the interaction of treatment with subgroup
included as factors. Here the treatment-by-sub-
group interaction was tested at the 10.0% sig-
nificance level. The change from baseline in Itch
NRSwas analyzed at each study visit in the short-
term dataset using a mixed-effects model for
repeated measures analysis with fixed effects
(treatment, study, visit, and treatment by visit)
and an unstructured variance–covariance struc-
ture. For short-term analyses, a p value\0.05
was considered statistically significant. No cor-
rection formultiplicity was performed due to the
exploratory nature of these post hoc analyses.

RESULTS

Baseline Demographics and Disposition

Among the patients in the ITT population of the
integrated dataset, 1.9% (N = 50) had baseline

Itch NRS 0, 14.4% (N = 369) had Itch NRS 1–3,
25.7% (N = 660) had Itch NRS 4–6, 36.2%
(N = 930) had ItchNRS 7–8, and 21.4% (N = 550)
had Itch NRS 9–10. Data on baseline Itch NRS
were missing for 0.4% (N = 11). Table 1 displays
key patient demographics and other baseline
characteristics categorized by itch severity at
baseline (Itch NRS 0, 1–3, 4–6, 7–8, and 9–10) for
the integrated dataset. Several key characteristics
and baseline variables were significantly differ-
ent among the itch severity categories, including
gender (p\0.001), race (p = 0.022), geographic
region (p\ 0.001), body mass index (BMI; p\
0.001), baseline Psoriasis Scalp Severity Index
(PSSI; p = 0.021), baseline Palmoplantar Psoriasis
Area Severity Index (PPASI; p = 0.007), baseline
Skin Pain Visual Analog Scale (VAS; p\ 0.001);
baseline BSA (p \ 0.001), baseline sPGA (p \
0.001), baseline PASI (p\0.001), baseline DLQI
(p \ 0.001), previous use of biologic system
therapy (p\ 0.001), facial psoriasis (p = 0.005),
and scalp psoriasis (p\0.001).

Fig. 1 Impact of baseline psoriasis-associated itch severity
on the Itch Numeric Rating Scale changes from baseline
during the induction period (pooled data from
UNCOVER-2 and 3; LSM) in patients with psoriasis-
associated Itch NRS C 4 at baseline (the LSM difference,
95% confidence interval, and p values were derived from a
mixed effects model for repeated measures analysis

including the fixed-effects treatment, study, visit, and
treatment 9 visit, with the variance–covariance structure
set to unstructured) (intent-to-treat population). Itch NRS
4–6, 7–8, and 9–10 indicate the Itch NRS scores at
baseline. ETN etanercept, IXE ixekizumab, LSM least
squares mean, NRS numeric rating scale, PBO placebo,
Q2W every 2 weeks
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Of note, clear numerical trends toward
higher baseline Itch NRS prevalence were seen
in patients from North America and those with
a higher BMI, higher disease burden (PSSI,
PPASI, Skin Pain VAS, sPGA, PASI), poorer DLQI,
previous biologic systemic treatment, more
widespread plaque psoriasis (higher BSA), and
the presence of facial and/or scalp psoriasis.
Baseline characteristics were well balanced
across treatment groups in the ITT population
among patients with baseline Itch NRS C 4
(Table S1 in the Electronic supplementary
material, ESM).

Efficacy: Pooled Induction Period Data
from UNCOVER-2 and -3

Figure 1 shows the changes from baseline in
Itch NRS during the induction period. Patients

in the IXE Q2W arm with a baseline itch
severity of Itch NRS 7–8 or 9–10 showed faster
itch reduction than the ETN-treated patients.
The greatest reduction was seen in patients in
the IXE Q2W arm with baseline Itch NRS 9–10
(least squares mean = - 7.68; standard error
0.21) at week 12. Treatment with IXE Q2W was
significantly more effective than ETN treatment
at all visits for all baseline Itch NRS severity
subgroups (p\0.001). While improvements in
itch appear to be smaller in patients in the Itch
NRS 4–6 subgroup treated with IXE Q2W com-
pared to those in the Itch NRS 7–8 and 9–10
groups of the ETN arm, the maximum
improvement is, by definition, 6 in the 4–6
subgroup, whereas it can be 10 in the 9–10
subgroup.

By week 12, a clinically meaningful itch
improvement, defined as a reduction in Itch

Fig. 2 Impact of baseline Itch Numeric Rating Scale
severity on the response rate for a clinically meaningful
improvement in itch (i.e., C 4 point reduction in Itch
NRS) at week 12 in patients with psoriasis-associated Itch
NRS C 4 at baseline (intent-to-treat population); treat-
ment p\ 0.001, baseline Itch NRS category p\ 0.001,

treatment 9 baseline Itch NRS category (p = 0.253), Itch
NRS 4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline. ETN etanercept, IXE ixekizumab, NRS Numeric
Rating Scale, PBO placebo, Q2W every 2 weeks.
*p\ 0.001 versus ETN and PBO
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NRS of C 4 points, was achieved by 70.0%
(baseline Itch NRS 4–6), 88.6% (baseline Itch
NRS 7–8), and 90.8% (baseline Itch NRS 9–10) of
patients from the IXE Q2W arm, compared to
46.6%, 67.5%, and 69.5%, respectively, of
patients from the ETN-treated arm (Fig. 2;
p\0.001 for all comparisons). Total resolution
of itch was attained by 47.8% (baseline Itch NRS
4–6), 42.5% (baseline Itch NRS 7–8), and 31.9%
(baseline Itch NRS 9–10) of the patients in the
IXE Q2W arm, compared to 23.1%, 13.0%, and
11.0%, respectively, of the patients in the ETN-
treated arm (Fig. 3).

Across all subgroups, the IXE response rates
for psoriatic skin improvement were consis-
tently higher than the ETN rates. PASI 90 was

achieved by 68.9% (baseline Itch NRS 4–6),
67.1% (baseline Itch NRS 7–8), and 73.6%
(baseline Itch NRS 9–10) of patients treated with
IXE Q2W, compared to 26.0%, 19.9%, and
18.3% of patients treated with ETN (Fig. 4). PASI
75 was achieved by 87.8% (baseline Itch NRS
4–6), 88.9% (baseline Itch NRS 7–8), and 91.4%
(baseline Itch NRS 9–10) of patients treated with
IXE Q2W, compared with 55.8%, 43.1%, and
39.0% of patients treated with ETN. PASI 100
was achieved by 43.9% (baseline Itch NRS 4–6),
38.2% (baseline Itch NRS 7–8), and 33.7%
(baseline Itch NRS 9–10) of patients treated with
IXE Q2W, compared to 6.3%, 7.3%, and 4.9%,
respectively, of patients treated with ETN.

Fig. 3 Impact of baseline Itch Numeric Rating Scale
severity on the response rate for complete itch resolution
(i.e., Itch NRS = 0) at week 12 in patients with psoriasis-
associated Itch NRS C 1 at baseline (intent-to-treat
population); treatment p\ 0.001, baseline Itch NRS
category p\ 0.001, treatment 9 baseline Itch NRS
category (p = 0.285) at the end of the induction period

(pooled data from UNCOVER-2 and 3; NRI), Itch NRS
4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline. ETN etanercept, IXE ixekizumab, NRI nonre-
sponder imputation, NRS Numeric Rating Scale, PBO
placebo, Q2W every 2 weeks. *p\ 0.001 versus ETN and
PBO
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Similarly, IXE response rates for absolute
PASI scores were consistently higher than ETN
rates across all subgroups. The percentage of
patients with absolute PASI B 2 is shown in
Fig. 5. PASI B 2 was achieved by 71.1% (base-
line Itch NRS 4–6), 70.0% (baseline Itch NRS
7–8), and 72.4% (baseline Itch NRS 9–10) of
patients treated with IXE Q2W, compared with
30.8%, 22.8%, and 17.1% of patients treated
with ETN, respectively (p\0.001 for all com-
parisons). Comparable results were seen for
PASI B 1 and PASI B 5 (Figs. S1 and S2 in the
ESM,, respectively).

In some comparisons, there was a tendency
for the lower Itch NRS baseline group to show
greater PASI improvements. In the ETN and
PBO arms, patients in the baseline Itch NRS 4–6
group appeared more likely than those in the

baseline Itch NRS 7–8 and 9–10 groups to
achieve PASI 75/90 and absolute PASI B 5/B 2/
B 1. This pattern was also seen in the IXE Q2W
arm for PASI 100 and absolute PASI B 1.

The order of onset of improvement in itch
(Itch NRS C 4) versus psoriatic skin improve-
ment (PASI 90) and the strength of improve-
ment are shown in Fig. 6. Improvement in itch
was achieved before PASI improvement for
65.0% (baseline Itch NRS 4–6), 87.6% (baseline
Itch NRS 7–8), and 88.1% (baseline Itch NRS
9–10) of patients treated with IXE Q2W. Itch
NRS C 4 was achieved before PASI 75 (51.4%,
75.5%, and 75.2%) as well as PASI 100 (79.2%,
95.5%, and 98.4%). Results were consistent with
those seen for ETN-treated patients. Complete
resolution of itch (Itch NRS 0) occurred before
complete resolution in psoriatic skin (PASI 100)

Fig. 4 Impact of baseline psoriasis-associated itch severity
on the response rate for C 90% improvement in Psoriasis
Area and Severity Index from baseline at the end of the
induction period (week 12) in patients with Itch Numeric
Rating Scale C 4 at baseline (intent-to-treat population).
Pooled data from UNCOVER-2 and 3; NRI; treatment
p\ 0.001, baseline Itch NRS category p = 0.021,

treatment 9 baseline Itch NRS category (p = 0.148). Itch
NRS 4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline. ETN etanercept, IXE ixekizumab, NRI nonre-
sponder imputation, NRS Numeric Rating Scale,
PASI Psoriasis Area and Severity Index, PASI 90 C 90%
improvement in PASI from baseline, PBO placebo,
Q2W every 2 weeks. *p\ 0.001 versus ETN and PBO
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in 30 (48.4%) IXE-treated patients in the base-
line Itch NRS 4–6 subgroup. Simultaneous
response in terms of Itch NRS and PASI occurred
in 21 (33.9%) IXE-treated patients in the Itch
NRS 4–6 subgroup. In patients with higher
baseline itch severity, total itch resolution
either preceded (38.7% for Itch NRS 7–8, 38.9%
for Itch NRS 9–10) or occurred at the same time
as (38.7% for Itch NRS 7–8, 41.7% for Itch NRS
9–10) skin clearance. At least 75.0% of the
patients taking ETN reported itch resolution
either before or at the same time as PASI 100.

In a comparison of patients achieving a DLQI
0/1 at week 12 based on baseline itch severity
categories, a total of 123 (68.3%) patients with
baseline Itch NRS 4–6, 169 (60.4%) patients
with baseline Itch NRS 7–8, and 98 (60.1%)
patients with baseline Itch NRS 9–10 who were

treated with IXE Q2W reported that their pso-
riasis had little or no impact on their quality of
life, as compared to 90 (43.3%), 82 (33.3%), and
43 (26.2%) of the ETN-treated patients (Fig. 7,
p\0.001 for all comparisons). There was a
trend for a better quality of life of patients with
lower baseline itch severity in all treatment
arms.

Efficacy: Long Term in UNCOVER-3

In the long-term dataset from UNCOVER-3,
2.0% (N = 27) of patients had baseline Itch NRS
0, 15.6% (N = 210) had baseline Itch NRS 1–3,
26.7% (N = 359) had baseline Itch NRS 4–6,
35.1% (N = 472) had baseline Itch NRS 7–8, and
20.2% (N = 272) had baseline Itch NRS 9–10.
Data for baseline Itch NRS were missing for

Fig. 5 Impact of baseline psoriasis-associated itch severity
on the response rate for absolute Psoriasis Area and
Severity Index score B 2 at week 12 in patients with Itch
Numeric Rating Scale C 4 at baseline (intent-to-treat
population). Treatment p\ 0.001, baseline Itch NRS
category p = 0.009, treatment 9 baseline Itch NRS
category (p = 0.183) at the end of the induction period

(pooled data from UNCOVER-2 and 3; NRI). Itch NRS
4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline. ETN etanercept, IXE ixekizumab, NRI nonre-
sponder imputation, NRS Numeric Rating Scale,
PASI Psoriasis Area and Severity Index, PBO placebo,
Q2W every 2 weeks. *p\ 0.001 versus ETN and PBO
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0.4% (N = 6). In the long-term extension per-
iod, 15.2% of patients were uptitrated to the IXE
Q2W dose. Because the final approved dose in
the maintenance period was IXE Q4W, patients
who uptitrated were not included in the long-
term analyses.

At week 156, as determined by the multiple
imputation method of analysis, 84.4% of the
patients in the IXE Q2W/IXE Q4W arm
achieved an Itch NRS reduction of C 4. Fewer
patients with Itch NRS 4–6 at baseline achieved
this clinically meaningful improvement in itch
[71.0%; 95.0% confidence interval (CI)
59.9–80.8] compared with those with baseline
Itch NRS 7–8 (89.1%; CI 82.9–95.2) and baseline
Itch NRS 9–10 (93.9%; CI 86.4–99.9%).
According to comparisons of observed cases,
91.0% of patients in the IXE Q2W/IXE Q4W
arm achieved an Itch NRS reduction of C 4 at
week 156. The changes in the percentage of
patients with an Itch NRS reduction of C 4 over

the 3-year period as calculated by multiple
imputation are shown in Fig. 8, while the cor-
responding data based on the observed cases are
depicted in Fig. S3 of the ESM.

Results for PASI 90 over the 3-year period are
shown in Fig. 9 (based on multiple imputation)
and Fig. S4 of the ESM (based on the observed
cases). At week 156, the percentage of the
patients in the IXE Q2W/IXE Q4W arm who
achieved PASI 90 was 69.0% (baseline Itch NRS
4–6), 67.4% (baseline Itch NRS 7–8), 68.3%
(baseline Itch NRS 9–10), and 69.4% (all base-
line Itch NRS subgroups) when calculated using
multiple imputation, and 85.5%, 83.1%, 85.4%,
and 86.5%, respectively, when analyzing
observed cases. PASI 75 was achieved by 86.2%
(multiple imputation) and 97.1% (observed
cases), and PASI 100 was achieved by 47.3%
(multiple imputation) and 64.3% (observed
cases) of the patients treated with IXE Q2W/IXE

Fig. 6 Impact of baseline psoriasis-associated itch severity
on order of first response based on a C 90% improvement
in Psoriasis Area and Severity Index from baseline and a
C 4 point improvement in Itch Numeric Rating Scale
from baseline at the end of the induction period
(12 weeks) in patients with psoriasis-associated Itch NRS
C 4 at baseline (intent-to-treat population). Pooled data
from UNCOVER-2 and 3; a simultaneous response is
defined as the first response in both itch and PASI

occurring at the same visit; Itch NRS 4–6, 7–8, and
9–10 indicates the Itch NRS score at baseline. BS baseline,
IXE Q2W ixekizumab 80 mg every 2 weeks, n total num-
ber of patients in each subgroup to achieve both a C 4
point improvement in Itch NRS and PASI 90 at some
point before week 12, NRS numerical rating scale,
PASI Psoriasis Area and Severity Index, PASI 90 C 90%
improvement in PASI from baseline
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Q4W. All PASI response outcomes were consis-
tent across all baseline itch severity subgroups.

At week 156, an absolute PASI score of B 2
was reported by 71.8% (multiple imputation;
Fig. 10) and 88.9% (observed cases; Fig. S5 of the
ESM) of patients in the IXE Q2W/IXE Q4W arm.
Absolute PASI B 1 was reported by 62.2%
(multiple imputation) and 80.7% (observed
cases) and absolute PASI B 5 was reported by
86.2% (multiple imputation) and 97.5% (ob-
served cases) of patients in the IXE Q2W/IXE
Q4W arm.

DISCUSSION

Our study clearly shows that IXE, a high-affinity
monoclonal antibody that selectively binds IL-

17A, induces a rapid improvement in itch
which is followed, in most cases, by a clinically
meaningful improvement in psoriasis, inde-
pendent of baseline itch severity.

Greater itch severity at baseline was associ-
ated with greater psoriasis skin severity and
poorer quality of life, as well as with predictors
of disease severity including higher BMI and
previous biologic exposure. The scalp, which is
commonly reported to be an itchy area in pso-
riasis [18], had the highest itch severity. In
short-term (12-week) comparisons with ETN,
IXE provided a rapid and substantial improve-
ment in Itch NRS. A higher percentage of IXE-
treated patients achieved a clinically meaning-
ful itch reduction (Itch NRS C 4) or itch reso-
lution compared to those treated with ETN.
Given that patients with psoriasis identify itch

Fig. 7 Impact of baseline psoriasis-associated itch severity
on response rates for Dermatology Life Quality Index
scores 0 or 1 at the end of the induction period (week 12)
in patients with psoriasis-associated Itch Numeric Rating
Scale C 1 at baseline (intent-to-treat population). Pooled
data from UNCOVER-2 and 3; NRI; treatment
p\ 0.001, baseline Itch NRS category p\ 0.001,

treatment 9 baseline Itch NRS category (p = 0.652). Itch
NRS 4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline. DLQI Dermatology Life Quality Index,
ETN etanercept, IXE ixekizumab, NRI nonresponder
imputation, NRS numeric rating scale, PBO placebo,
Q2W every 2 weeks. *p\ 0.001 versus ETN and PBO
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as the most bothersome symptom of the disease
[2], finding relief from itching by achieving a
clinically meaningful itch reduction or itch
resolution should be considered a very relevant
treatment goal.

For an indication of psoriatic skin clearance,
it is important to look at both absolute PASI
levels and PASI improvement as a target for
treatment. Significantly higher response rates
were seen with IXE than with ETN across all
measures of psoriatic skin improvement at week
12 in all baseline itch groups. Thus, for patients
treated with IXE, the severity of itch at baseline
did not have a substantial impact on skin
improvement rates in comparison to those
treated with ETN. In addition, there was also no
significant impact on DLQI improvement rates
(i.e., patients across all itch baseline categories
who were treated with IXE achieved greater
quality-of-life benefits in comparison to
patients treated with ETN).

For most patients, a clinically meaningful
improvement in itch preceded a PASI 90
response, regardless of baseline itch severity or

treatment. For some efficacy outcomes (PASI
100, absolute PASI C 1, and DLQI 0/1), more of
the patients in the lower baseline Itch NRS
subgroups tended to present better results
overall. Thus, one could hypothesize that an
early improvement in itch may indicate subse-
quent skin improvement in this treatment
population.

With these exploratory post hoc analyses of
two phase III trials, we report the first long-term
efficacy outcomes for IXE past 104 weeks. For
both itch and skin improvement, IXE mainte-
nance treatment provided a great benefit to
patients with moderate-to-severe plaque psori-
asis up to at least 3 years, regardless of itch
severity at baseline. These analyses suggest that
treatment with IXE is highly effective for up to
3 years in patients with moderate-to-severe
plaque psoriasis, regardless of itch severity at
baseline. Although there were some differences
in the Itch NRS C 4 responses of patients with
lower baseline itch severity across the 156-week
period, this may be considered a ceiling effect
since patients did not demonstrate

Fig. 8 Impact of baseline itch severity on the response
rate for a C 4-point reduction on the Itch Numeric
Rating Scale in patients with psoriasis-associated Itch
NRS C 4 at baseline (intent-to-treat population) (all
treatments combined, UNCOVER-3; MI). For the itch
reduction, fewer patients in the Itch NRS 4–6 baseline

severity subgroup achieved clinically meaningful improve-
ments compared to those in the Itch NRS 7–8 subgroup at
weeks 24, 60, and 108 and compared to those in the Itch
NRS 9–10 subgroup at weeks 12, 60, 108, and 156. Itch
NRS 4–6, 7–8, and 9–10 indicate the Itch NRS score at
baseline
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improvements of more than 4, 5, or 6 points,
depending on their baseline score.

The results of these analyses raise further
questions regarding the role of IL-17A in the
pathophysiology of psoriatic itch and potential
direct mechanisms for IL-17A inhibition in itch
reduction. Besides its role in keratinocyte acti-
vation and proliferation, IL-17A plays a role in
both central and peripheral neurogenic inflam-
mation [7]. IL-17A stimulates keratinocytes,
neurons, and glia, leading to downstream acti-
vation of the nuclear factor-jB and mitogen-
activated protein pathways, and it can enhance
chemotactic signaling through synergistic
effects with other cytokines, thereby recruiting
more inflammatory immune cells. Elevated
levels of circulating IL-17A are seen in patients
with psoriasis [19] and in lesioned psoriatic skin
[20]. Most dorsal root ganglion neurons express
the IL-17A receptor and are excited by IL-17A
[21, 22]. While studies of IL-17A in these neu-
rons have focused on enhanced nociception, it

is possible that elevated levels of IL-17A would
also enhance itch signals at the dorsal root
ganglion, either directly or indirectly. Addi-
tionally, neuropeptides or proteases may induce
and/or aggravate neurogenic inflammation or
itch in psoriasis [9, 23].

The rapid response itch to IXE as compared
to the speed with which it cleared psoriatic skin
may therefore support the theory of a direct
mechanism for the effect of IXE on itch at the
peripheral level and/or central level. While the
psoriatic plaques and the associated local
inflammation—each of which can contribute to
psoriasis itch—persist and resolve more slowly,
IXE rapidly acts to block the itch signal and the
experience of itch by exerting a direct effect on
the IL-17/IL-17 receptor signaling pathway.
This, in turn, can prevent scratching and the
associated further inflammation of the skin,
allowing plaques to heal and enhancing the
calming action of IXE on local keratinocytes
and immune cells.

Fig. 9 Impact of baseline itch severity on the response
rate for a C 90% improvement in Psoriasis Area and
Severity Index from baseline in patients with psoriasis-
associated Itch NRS C 4 at baseline (intent-to-treat
population) (all treatments combined, UNCOVER-3;
MI). For itch reduction, fewer patients in the Itch NRS
4–6 baseline severity subgroup achieved clinically mean-
ingful improvements compared to those in the Itch NRS

7–8 subgroup at weeks 24, 60, and 108 and compared to
those in the Itch NRS 9–10 subgroup at weeks 12, 60, 108,
and 156. Itch NRS 4–6, 7–8, and 9–10 indicate the Itch
NRS score at baseline. MI multiple imputation, NRS
Numeric Rating Scale, PASI Psoriasis Area and Severity
Index, PASI 90 C 90% improvement in PASI from
baseline, PBO placebo, Q2W every 2 weeks, Q4W every
4 weeks
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There are limitations to this analysis that
should be considered. The main limitation is
that patients were not stratified by baseline Itch
NRS during randomization. The Itch NRS 7–8
group (N = 930) contained 95.0%, 60.0%,
29.0%, and 41.0% more patients than the Itch
NRS 0 (N = 50), 1–3 (N = 369), 4–6 (N = 660),
and 9–10 (N = 550) groups, respectively. The
study is also limited by the lack of comparative
data beyond week 12. Although the trend for
long-term efficacy with IXE is clear, a larger
population with comparative data at later time
points may afford a better understanding of
persistent effects attributed to baseline itch
severity. Also, since the studies were initiated
before IXE approval, some patients received
doses that were not part of the approved dosing
regimen and thus were not included in the
analysis, which further reduced the number of
patients included in the current study. This
could potentially bias the results of the study
given that these data were excluded from the

analysis. Further, although patients from many
geographic regions were included, the study
population was mostly white. Evaluation of a
larger population including non-white partici-
pants with a range of itch severities would help
to explain the efficacy of IXE and the impact of
baseline itch in a more genetically diverse
population. Lastly, PASI and itch data were only
collected at discrete time points and not via a
diary.

CONCLUSION

As in the previous report in which treatment
with IXE was found to be significantly superior
to ETN treatment [10], here we report that a
higher percentage of the patients treated with
IXE showed a response in terms of itch and
psoriatic skin measures, independent of base-
line itch severity. With IXE, substantial reduc-
tions in Itch NRS were seen within the first week

Fig. 10 Impact of baseline itch severity on the response
rate for absolute PASI scores B 2 during the long-term
extension period (IXE Q2W/IXE Q4W treatment) in
patients with psoriasis-associated Itch NRS C 4 at baseline
(intent-to-treat population) (all treatments combined,
UNCOVER-3; MI). For itch reduction, fewer patients
in the Itch NRS 4–6 baseline severity subgroup achieved a
clinically meaningful improvement compared to those in

the Itch NRS 7–8 subgroup at weeks 24, 60, and 108 and
compared to those in the Itch NRS 9–10 subgroup at
weeks 12, 60, 108, and 156. Itch NRS 4–6, 7–8, and
9–10 indicate the Itch NRS score at baseline. IXE ixek-
izumab, MI multiple imputation, NRS Numeric Rating
Scale, PASI Psoriasis Area and Severity Index, Q2W every
2 weeks, Q4W every 4 weeks
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(Fig. 1), and, in the majority of patients, clini-
cally meaningful improvements preceded PASI
90 responses (Fig. 6). With the recent emer-
gence of PASI 90 as a new treatment goal for
psoriasis, this is of great clinical relevance.
Regardless of baseline itch severity, a large
number of patients treated with IXE achieved a
clinically meaningful reduction in itch severity,
relieving those patients from a very bothersome
symptom. The fact that itch improvement pre-
ceded PASI improvement in the majority of
those patients could potentially indicate subse-
quent skin improvement. Long-term treatment
with IXE every 4 weeks provided consistent
results and effective control over itch and pso-
riatic skin symptoms in patients with moderate-
to-severe plaque psoriasis.
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