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Abstract

Background

Psoriatic arthritis (PsA) is a chronic inflammatory disease associated with psoriasis that signifi-
cantly impairs physical function and quality of life (QoL). Prompt therapeutic intervention is
crucial for limiting PsA progression and preventing disability.

Objectives
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The aim of this study was to compare the efficacy of brodalumab versus ustekinumab and the
impact on QoL in patients with moderate-to-severe plaque psoriasis, by concomitant PsA
status.

Methods

This post hoc analysis of pooled data from the phase 3 AMAGINE-2 and -3 trials evaluated
complete skin clearance (100% improvement of Psoriasis Area and Severity Index [PASI 100]),
improvement in symptom severity (Psoriasis Symptom Inventory [PSI] response), and QoL
(Dermatology Life Quality Index [DLQI] score of 0/1) by concomitant PsA status. A competing
risk model assessed cumulative incidence over 52 weeks with outcomes of PASI 100 or inade-
quate response.

Results

This analysis included 929 patients with moderate-to-severe psoriasis. Concomitant PsA was
presentin 79/339 (23%) and 110/590 (19%) patients receiving brodalumab 210 mg and
ustekinumab, respectively. At Week 52, odds ratios (ORs) (95% confidence intervals [Cls]) for
complete clearance with brodalumab versus ustekinumab were 3.15 (1.52-6.55, p = 0.0015) in
patients with concomitant PsA and 3.05 (2.19-4.26, p < 0.0001) in patients without concomi-
tant PsA. Corresponding Week 52 ORs (95% Cls) for DLQI 0/1 with brodalumab versus ustek-
inumab were 2.05 (1.07-3.90, p = 0.0277) and 1.83 (1.32-2.53, p = 0.0002); Week 52 ORs
(95% ClIs) for PSI <8 with brodalumab versus ustekinumab were 3.42 (1.43-8.18, p = 0.0036)
and 1.40 (1.01-1.95, p = 0.0434). The 52-week cumulative incidence of patients achieving PASI
100 was significantly higher for brodalumab versus ustekinumab in patients with concomitant
PsA (p = 0.0001) and in those without concomitant PsA (p < 0.0001).

Conclusions

Treatment with brodalumab rapidly results in high levels of complete and sustained skin clear-
ance and greater cumulative treatment benefit in patients with moderate-to-severe psoriasis
versus ustekinumab, regardless of concomitant PsA status.
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Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory musculoskeletal disorder estimated to affect
up to 40% of patients with psoriasis [1]. PsA affects both the joints and the entheses and can
lead to progressive joint destruction, disability and significantly impaired quality of life (QoL)
[2, 3]. Like psoriasis, PsA is also associated with an increased risk of comorbidities, such as
obesity, insulin resistance, inflammatory bowel disease and cardiovascular disease [4, 5, 6].

The early diagnosis and treatment of PsA are crucial to reduce the risk of joint damage, disabil-

ity and comorbidities [7, 8, 9]. Since PsA usually occurs after the development of psoriasis
[10], itis important that patients with psoriasis are routinely screened for signs of PsA. The
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therapeutic goals for patients with PsA are to minimise disease activity, prevent disease pro-
gression, alleviate symptoms, improve QoL and restore functional ability [10, 11]. Treatment
decisions are based on disease severity, joint involvement and associated skin symptoms [12].

There have been significant advances in our understanding of the pathogenesis of PsA in re-
cent years, which have led to advances in the treatment of the disease, including the introduc-
tion of biologics targeting tumour necrosis factor alpha (TNF-a), interleukin (IL)-12/23, IL-17A
and IL-23 [13]. Randomised controlled trials have established the efficacy of the anti-IL-12/23
monoclonal antibody ustekinumab in the treatment of patients with active PsA who had previ-
ously received conventional and/or anti-TNF biological agents [14, 15]. More recently,
guselkumab, a monoclonal antibody that selectively inhibits [L-23, was approved for the treat-
ment of patients with active PsA [16, 17, 18]. However, a significant proportion of patients with
PsA fail to have a sustained response to biologics [6, 19], and head-to-head studies of biologics
in patients with PsA are needed to better inform treatment choices [3].

Brodalumab is a fully human monoclonal antibody with a unique mechanism of action. It binds
with high affinity to the IL-17 receptor subunit A (IL-17 RA), thereby inhibiting downstream
signalling of multiple IL-17 family cytokines (IL-17A, IL-17F, IL-17C, IL-17E) involved in the
pathogenesis of psoriasis [20], unlike other anti-IL-17 biologics, such as secukinumab and ix-
ekizumab, which specifically target IL-17A [21, 22]. Brodalumab is currently approved for the

treatment of moderate-to-severe plaque psoriasis [23, 24] in the USA, EU, Canada and some
Asian countries, and for PsA in Japan [25].

Brodalumab demonstrated high rates of total skin clearance, as shown by 100% reduction in
Psoriasis Area and Severity Index (PASI 100), in two phase 3 trials in patients with moderate-
to-severe plaque psoriasis: AMAGINE-2 and AMAGINE-3 [26]. Brodalumab has also demon-
strated efficacy relative to placebo in phase 2 and 3 trials in patients with PsA [6, 27]. The aim
of this post hoc analysis was to evaluate the efficacy of brodalumab compared to ustekinumab
and the impact on patient QoL through 52 weeks in patients with moderate-to-severe plaque
psoriasis, with or without concomitant PsA, using pooled data from the phase 3 AMAGINE-2
and AMAGINE-3 trials.

Materials and Methods

Study Design and Patients

The AMAGINE-2 (NCT01708603) and AMAGINE-3 (NCT01708629) trial designs have been
previously reported in detail [26] and are illustrated in online supplementary Figure S1 (see
www.karger.com/doi/10.1159/000520290 for all online suppl. material). Briefly, patients 218
years of age with moderate-to-severe plaque psoriasis (defined as a PASI score 212, static
Physician's Global Assessment [sPGA] score of 23 and 210% body surface area involvement of

>6 months' duration) were randomised 2:2:1:1 to receive brodalumab 210 mg, brodalumab
140 mg, ustekinumab (45 mg for patients with a body weight <100 kg and 90 mg for patients
>100 kg on Day 1, Week 4 and every 12 weeks [Q12W] thereafter) or placebo on Day 1 and
Weeks 1, 2, 4, 6,8 and 10. At Week 12, patients who were originally randomised to bro-
dalumab were re-randomised 2:2:2:1 to receive a brodalumab maintenance regimen of 210
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mg once every 2 weeks (Q2W) or 140 mg Q2W, every 4 weeks (Q4W) or every 8 weeks (Q8W).
Placebo patients received 210 mg of brodalumab Q2W, and ustekinumab patients continued to
receive ustekinumab Q12W until Week 52.

Patients who had an inadequate response (defined as sSPGA =3 or persistent values of 2 over a
>4-week period at, or after, Week 16) received rescue treatment with brodalumab 210 mg.
After Week 16 and through Week 52, patients receiving brodalumab were rescued with bro-
dalumab 210 mg Q2W, while those receiving ustekinumab remained on ustekinumab except at
Week 16, when they could receive rescue treatment (210 mg of brodalumab Q2W). Rescue
treatment was blinded. Patients who did not respond to rescue treatment for =12 weeks had
treatment discontinued.

The AMAGINE-2 and AMAGINE-3 trials were conducted in accordance with the International
Conference on Harmonisation for Good Clinical Practice, the Declaration of Helsinki, and the
Health Insurance Portability and Accountability Act of 1996 or relevant regional regulations.
The institutional review boards at each participating centre approved the study protocols.

Assessments

Concomitant PsA Status Concomitant PsA status was defined by medical history and cate-
gorised in yes/no options.

Disease Severity, Response and QoL Disease severity was evaluated using the PASI and the
Psoriasis Symptom Inventory (PSI). The PASI is the most widely used outcome measure for as-
sessing disease severity in clinical trials of biologics to treat psoriasis [28]. The PSI is an 8-
point, patient-reported outcome measure, which was developed by Amgen, for assessing the
severity of psoriasis symptoms (i.e., itch, redness, scaling, burning, stinging, cracking, flaking
and pain), with each symptom rated as either 0 (not at all severe), 1 (mild), 2 (moderate), 3
(severe) or 4 (very severe) [29]. PSI was assessed daily from screening through Week 24 and
Weeks 48-52 and aggregated to a weekly score for patients with at least 4 values within that
week. A PSI responder was defined as having a total score <8 and no item >1 throughout the
week using 24-hour recall.

QoL was evaluated using the Dermatology Life Quality Index (DLQI). The DLQI consists of 10
questions covering 6 domains: symptoms and feelings, daily activities, leisure, work and school,
personal relationships and bother with treatment. A score of 0 or 1 indicates no effect at all on
a patient's life [30]. DLQI was assessed at Weeks 0, 2, 4 and every fourth week thereafter.

Responder Analyses for Clearance (PASI 100), PSI Responder Status and DLQI 0/1 at a Given
Time Point (Weeks 0-52) by Concomitant PsA Status Data from patients randomised to receive
constant dosing of either the approved dose of brodalumab (210 mg Q2W) or ustekinumab
for the entire 52-week treatment period, subdivided according to concomitant PsA status at
baseline, were included in this analysis. The proportions of patients achieving PASI 100, PSI re-
sponder status and DLQI 0/1 response were compared according to concomitant PsA status
and visit. Comparisons between treatment groups were reported as odds ratios (ORs) and
95% confidence intervals (CIs) calculated using the Cochran-Mantel-Haenszel method and ad-
justed for study, baseline total body weight group (<100 kg, >100 kg), geographical region, and
within study and subgroup baseline score (< median, > median).
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Cumulative Benefit through 52 Weeks by Concomitant PsA Status Cumulative benefit for each
endpoint was determined as the area under the curve (AUC) over 52 weeks for PASI and
change in DLQI and 24 weeks for PSI responder status by concomitant PsA status. The AUC
was calculated using the trapezoidal rule:

Total AUC=" = 0%(Pi +P,,)(T., +T,).

1

where N = number of assessment time points, 0 = baseline, P; = percentage of responders, T; =
time point.

Cumulative benefit was normalised to a percentage of the maximum possible nominal AUC of
5,200 for PASI 100 and DLQI 0/1 (based on a 100% response rate over 52 weeks) and 2,400
for PSI responder status (based on a 100% response rate over the first 24 weeks). A ¢ test was
used to test p values for treatment differences of brodalumab versus ustekinumab. AUC ratios
(brodalumab total AUC value divided by ustekinumab total AUC value) were calculated, with
values >1.0 indicating a greater clinical benefit for brodalumab versus ustekinumab, and 95%
CIs were calculated via bootstrapping.

Cumulative Incidence of Complete Clearance over 52 Weeks by Concomitant PsA Status
Cumulative incidence of complete clearance over 52 weeks was analysed by concomitant PsA
status using a Competing Risk model [31] with the outcome of (a) achieving PASI 100 or (b) in-
adequate response (defined as sPGA 23 or sPGA 22 for more than 4 weeks) at, or after, Week
16. Comparisons between treatment arms were performed using subdistribution hazard ratios
(HRs) and associated x? tests [32, 33] and adjusted for baseline characteristics, as detailed for
the responder analyses. Non-responder imputation was used to handle missing data.

Results

Baseline Demographic and Disease Characteristics

A total of 929 patients (brodalumab 210 mg, n = 339; ustekinumab, n = 590) were included in
this analysis. Concomitant PsA was present in 23% and 19% of patients receiving brodalumab
and ustekinumab, respectively. Baseline demographic and disease characteristics were gener-
ally balanced across treatments (Table 1). For both the brodalumab and ustekinumab treat-
ment groups, patients with concomitant PsA had longer disease duration, higher levels of C-re-
active protein, and were more likely to have prior biologic experience compared with patients
without PsA (Table 1).

Efficacy

Responder Analysis for Complete Clearance (PASI 100), PSI and DLQI 0/1 by Concomitant PsA
Status Treatment with brodalumab resulted in significantly more patients achieving complete
clearance (PASI 100) compared with ustekinumab, from Week 4 through Week 52 for patients
without PsA (p < 0.001) and from Week 6 through Week 52 for patients with PsA (p < 0.05)
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(Fig. 1a). ORs (95% ClIs) for complete clearance with brodalumab versus ustekinumab at Week
52 were: with concomitant PsA, OR 3.15 (1.52-6.55, p = 0.0015); without concomitant PsA, OR
3.05 (2.19-4.26, p < 0.0001).

Treatment with brodalumab also resulted in significantly more patients achieving DLQI 0/1
compared with ustekinumab, from Week 2 through Week 52 for patients without PsA (p <
0.05). In patients with PsA, more patients achieved DLQI 0/1 compared with ustekinumab from
Week 4 through Week 52, although significance was not reached at Weeks 16, 20, 24 and 32
due to lower numbers of patients in the compared brodalumab and ustekinumab groups (Fig.
1b). ORs (95% Cls) for DLQI 0/1 with brodalumab versus ustekinumab at Week 52 were: with
concomitant PsA, OR 2.05 (1.07-3.90, p = 0.0277); without concomitant PsA, OR 1.83 (1.32-
2.53,p=0.0002).

Treatment with brodalumab also resulted in more patients achieving PSI responder status
compared with ustekinumab from Week 2 through Week 52 in both groups, although signifi-
cance was not reached at Weeks 14, 17, 19, 21 and 49 in the group with PsA and at Week 49 in
the group without PsA due to lower numbers of patients in the compared brodalumab and
ustekinumab groups (Fig. 1c). ORs (95% Cls) for PSI responder status with brodalumab versus
ustekinumab at Week 52 were: with concomitant PsA, OR 3.42 (1.43-8.18, p = 0.0036); without
concomitant PsA, OR 1.40 (1.01-1.95, p = 0.0434).

Cumulative Benefit through 52 Weeks by Concomitant PsA Status Brodalumab treatment re-
sulted in significantly greater cumulative benefit (PASI 100) compared with ustekinumab in the
subgroups with and without concomitant PsA (Fig. 2a). AUC ratios were 1.84 (p = 0.0001) and
1.68 (p < 0.0001), respectively, in the subgroups with and without concomitant PsA.

Significant differences in cumulative treatment benefit favouring brodalumab versus ustek-
inumab were also observed for DLQI 0/1 (Fig. 2b). AUC ratios were 1.40 (p = 0.0016) and 1.33
(p < 0.0001), respectively, in the subgroups with and without concomitant PsA.

Similar findings were observed with respect to achievement of PSI responder status up to
Week 24 (Fig. 2c). AUC ratios were 1.49 (p = 0.0005) and 1.34 (p < 0.0001), respectively, in the
subgroups with and without concomitant PsA.

Competing Risk Model for Achieving Skin Clearance The competing risk analysis of either
achieving PASI 100 or having an inadequate response over 52 weeks showed that brodalumab
patients with concomitant PsA were significantly more likely to achieve PASI 100 at least once
over 52 weeks than ustekinumab patients, with 70.1% (95% CI, 60.4-81.5%) of responders on
brodalumab versus 43.9% (95% CI, 35.4-54.3%) of responders on ustekinumab (HR 2.34;
95% CI, 1.61-3.38; p < 0.0001) (Fig. 3b). In patients without concomitant PsA, 76.1% (95% (I,
71.0-81.5%) of brodalumab patients achieved PASI 100 versus 53.2% (95% ClI, 48.9-57.9%) of
ustekinumab patients (HR 2.07; 95% CI, 1.71-2.50; p < 0.0001) (Fig. 3a). Furthermore, there
were fewer inadequate responders to brodalumab compared with ustekinumab (Fig. 3a, b).

The median time to complete clearance was 13 weeks for brodalumab versus 36 weeks for
ustekinumab in patients without PsA (Fig. 3a). In patients with concomitant PsA, the median
time to complete clearance was 15 weeks for brodalumab but was indeterminable for ustek-
inumab, as less than 50% of patients achieved complete clearance by Week 52 (Fig. 3b).
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Discussion/Conclusion

Previous studies have demonstrated the efficacy of brodalumab in patients with PsA [6, 27].
Brodalumab (140 mg or 280 mg Q2W) significantly improved clinical response rates versus
placebo in patients with PsA in a phase 2, randomised, double-blind, placebo-controlled trial
[6]. The efficacy and safety of brodalumab in adults with active PsA and inadequate response,
or intolerance, to conventional treatment were further evaluated in the phase 3 AMVISION-1
and AMVISION-2 trials. Brodalumab (140 mg or 210 mg once Q2W) was associated with rapid
and significant improvements in signs and symptoms of PsA versus placebo [27].

In addition to musculoskeletal symptoms, cutaneous manifestations and severity of psoriasis
are also important considerations when making treatment decisions for patients with PsA [12,
34]. In this pooled analysis of data from the phase 3 AMAGINE-2 and AMAGINE-3 trials, we as-
sessed the reduction in disease severity and impact on patient QoL through 52 weeks, in pa-
tients with moderate-to-severe psoriasis, by presence or not of concomitant PsA. We found
that brodalumab (210 mg once Q2W) rapidly achieved higher levels of complete skin clearance
(PASI 100), was significantly better at improving QoL and reducing patient-reported symptoms
of psoriasis, and resulted in a greater cumulative treatment benefit through 52 weeks in pa-
tients with moderate-to-severe psoriasis than ustekinumab, regardless of concomitant PsA
status.

In an earlier analysis of data from AMAGINE-2 and AMAGINE-3, brodalumab showed signifi-
cantly higher PASI 75, 90 and 100 response rates versus ustekinumab [26]. In our analysis, a
significantly higher proportion of brodalumab-treated than ustekinumab-treated patients
achieved rapid and consistent complete skin clearance over the 52-week treatment period,
with significant differences observed from Week 4 onwards for patients without PsA and from
Week 6 onwards for patients with concomitant PsA. In addition to comparing the response to
brodalumab versus ustekinumab at specific time points, we examined the cumulative treatment
benefit and cumulative incidence of response to each drug over 52 weeks of treatment.
Cumulative measures of drug efficacy — which account for speed, durability and magnitude of
treatment responses — have been suggested to be particularly relevant for psoriasis and other
chronic diseases that have continuous impact on patients [35]. These analyses demonstrated
that brodalumab was associated with a greater cumulative benefit and a higher likelihood of
achieving PASI 100 at least once over 52 weeks compared to ustekinumab, and that the differ-
ences were more prominent among patients with concomitant PsA than those without. Indeed,
while 50% of brodalumab-treated patients with PsA had achieved PASI 100 at least once by
week 15, there was no time through Week 52 at which 50% of ustekinumab-treated patients
with PsA achieved PASI 100.

Achievement of PASI 100 was associated with improvement in QoL, as measured by DLQI 0/1,
in patients with or without concomitant PsA. These findings reflect those of Warren et al. [36]
who recently reported that improvement in QoL, as measured by DLQI 0/1, was associated
with achievement of PASI 100 in patients receiving brodalumab. Furthermore, the improve-
ment in QoL observed in our study was associated with a rapid reduction in the severity of
psoriasis symptoms, as measured by PSI response. The likelihood of achieving PSI responder
status favoured brodalumab in patients with or without concomitant PsA, although ORs were
noticeably higher in the group with PsA, at both Weeks 12 and 52.
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These data add to the growing body of evidence from clinical-trial and real-world settings sug-
gesting that complete skin clearance is associated with substantially reduced physical burden
of psoriasis, increased treatment satisfaction and improved QoL [37, 38, 39, 40, 41, 42] and
that rapid resolution of psoriasis symptoms correlates with improvements in QoL [43, 44].

Patients with PsA are considered high-need because of progressive joint symptoms/pain and
disability [45]. Early diagnosis of PsA enables prompt treatment initiation, resulting in im-
proved clinical outcomes and reduced disease severity and joint damage [45, 46]. Delays in di-
agnosis increase the risk of joint damage and poor long-term physical function [47]. As pa-
tients with psoriasis and without current PsA might go on to develop PsA [48] and because
brodalumab is effective at treating psoriasis in patients with or without symptoms of PsA, early
treatment of psoriasis with brodalumab might potentially prevent the evolution of PsA in
asymptomatic patients.

This study had some limitations. Firstly, analyses were of pooled data from clinical trials not
designed and statistically powered to assess these specific endpoints. Secondly, the data were
from a clinical trial population with strict inclusion and exclusion criteria and may therefore
not be representative of real-world patient populations. Additionally, concomitant PsA was de-
fined by medical history, and details related to PsA clinical characteristics and treatment were
not collected. Notably, it is likely that only patients with well-controlled PsA entered the
AMAGINE-2 and AMAGINE-3 studies, resulting in a limited number of patients with psoriasis
with concomitant PsA being included. Finally, analyses were restricted to patients in constant
treatment arms, further reducing the number of patients included.

In conclusion, the results from this analysis of pooled data from the phase 3 AMAGINE-2 and
AMAGINE-3 trials demonstrate that treatment with brodalumab rapidly results in high levels of
complete and sustained skin clearance and greater cumulative treatment benefit in patients
with moderate-to-severe psoriasis than treatment with ustekinumab, regardless of concomi-
tant PsA status. Thus, brodalumab may offer an additional treatment strategy for patients with
psoriasis with concomitant PsA.

Key Message

Brodalumab achieved PASI 100 and improved QoL in patients with psoriasis with and without
concomitant PsA.
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cated by a broken line. ?This analysis included 929 patients who received brodalumab 210 mg (n = 339) or ustek-
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val; DLQI, Dermatology Life Quality Index; NRI, non-responder imputation; OR, odds ratio; PASI, Psoriasis Area and

(For legend see next page.)

Severity Index; PsA, psoriatic arthritis; PSI, Psoriasis Symptom Inventory.
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Fig. 2
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Fig. 3

Cumulative incidence of patients achieving PASI 100, by visit, treatment and concomitant PsA status (competing risk
analysis) (NRI). *p < 0.0001. *Defined as static Physician's Global Assessment =3 or persistent values of 2 over at least

a 4-week period or after Week 16. CI, confidence interval; HR, hazard ratio; NE, not estimable; NRI, non-responder im-
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Table 1

Baseline demographic and disease characteristics (pooled data by treatment arm and concomitant PsA status from the
AMAGINE-2 and -3 trials)

Brodalumab (n = 339) Ustekinumab (n = 590)

PsAyes (n=79) PsAno (n=260) PsAyes (n=110) PsAno (n = 480)

(23.3%) (76.7%) (18.6%) (81.4%)
Female, n (%) 32.0 (40.5) 77.0 (29.6) 42.0 (38.2) 144.0 (30.0)
Age, mean (SD), years 49.8 (13.5) 43.0 (13.0) 48.3 (11.7) 44.4 (13.3)
Weight, mean (SD), kg 92.8 (26.3) 89.6 (23.5) 91.2 (24.4) 91.0 (22.5)
Duration of disease, mean  21.5 (11.5) 16.0 (11.5) 21.0 (12.2) 18.1 (12.2)
(SD), years
Prior biologic experience, n 45.0 (57.0) 51.0 (19.6) 49.0 (44.5) 106.0 (22.1)
(%)
Prior biologic failure, n 18.0 (40.0) 28.0 (54.9) 19.0 (38.8) 41.0 (38.7)
(%)
Prior systemic use, n (%)  61.0 (77.2) 133.0 (51.2) 78.0 (70.9) 262.0 (54.6)
CRP, mean (SD), mg/L 11.9 (17.2) 5.3(9.9) 9.7 (20.1) 4.5 (5.5)
PASI, mean (SD) 21.3(8.0) 20.2 (7.8) 21.4(9.0) 19.7 (8.2)
DLQI, mean (SD) 15.9 (7.3) 14.4 (7.2) 14.6 (7.2) 14.9 (7.3)

CRP, C-reactive protein; DLQI, Dermatology Life Quality Index; PASI, Psoriasis Area and Severity Index; PsA, psoriatic

arthritis; SD, standard deviation.
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