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1 | INTRODUCTION

Abstract

Eleven biologic drugs are currently approved for psoriasis management. Real-life studies
are needed to guide clinicians in choosing a tailored-tail therapy. The aim of our retro-
spective study is to indirectly compare the efficacy and safety of ixekizumab and broda-
lumab in psoriasis patients. A single-centre real-life retrospective study was performed
enrolling moderate-to-severe psoriatic patients under biologic treatment with ixekizumab
or brodalumab. For each patient, clinical and demographic data were collected and the
effectiveness and safety of brodalumab and ixekizumab treatment were evaluated at
weeks 4, 12, and 24. Psoriasis Area Severity Index (PASI) and Body Surface Area (BSA)
were used for psoriasis severity. A total of 139 patients were included in the study:
98(70.5%) and 41(29.5%) patients received ixekizumab and brodalumab, respectively.
Mean PASI and BSA significantly reduced at each follow up for both ixekizumab and
brodalumab groups. Even if ixekizumab reached higher rates of PASI90 and PASI100
than brodalumab (PASI90: 43.8% vs. 39.0% PASI100: 20.4% vs. 17.1% at week4 and
PASI90: 83.6% vs. 75.6% PASI100: 71.5% vs. 60.9% at week24), these results were not
statistically significant. Adverse events, mainly mild, were registered in 25.5% of ixekizu-
mab and 26.8% of brodalumab group, respectively. Discontinuation rate was higher for
brodalumab (17.1% vs. 9.1%), without statistical significance. Our study showed compa-

rable efficacy and safety for ixekizumab and brodalumab.
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plaques covered by silvery scales.® Several comorbidities can be asso-

ciated with psoriasis; particularly psoriatic arthritis (PsA), cardiometa-

Psoriasis is a chronic inflammatory skin disease, affecting 1%-3% of bolic diseases, and depression, strongly impacting on patients Quality
global population.™? Plaque psoriasis accounts for 90% of clinical of Life.*° Even if psoriasis pathogenesis is not completely understood,
manifestations, presenting as sharply demarcated, erythematous several studies suggested a key role of the interleukin (IL)23/IL17 axis
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in the development of psoriatic manifestations.® Biologic drugs, tar-
geting these cytokines represented one of the most important
research advantages in psoriasis management.” Indeed, biologic drugs
showed encouraging results in severe forms of both psoriasis and
PsA, confirming clinical trials results also in real world settings.2* In
this context, the development of anti-IL17, resulted in the switching
of treatment goals from PASI75 to PASI90 or PASI100 due their high
efficacy profile.>*® Among existing anti-IL17, ixekizumab and broda-
lumab appear to be able to reach a faster clinical response if compared
with other biologics. Indeed, among all biologics for psoriasis, brodalu-
mab showed the shortest time to 25% of patients to achieved PASI?0
(3.5 weeks) followed by ixekizumab (4.1 weeks).2*

Brodalumab, a fully human immunoglobulin G2 (IgG2) antillL-
17RA monoclonal anti-body, acts by binding the human IL17RA, lead-
ing to a disruption in the IL-17 pathway by blocking the activity of
17A, IL-17A/F heterodimer, IL-17F, and 17E (IL-25).*>%¢ It has been
recently approved (2017) by the European Medicines Agency (EMA)
and the U.S. Food and Drug administration (FDA) for the treatment of
moderate-to-severe plaque psoriasis in adult patients while its use in
PsA is still off-label.1”"*8 The efficacy and safety of brodalumab have
been confirmed in three randomized, double-blind, phase 3, placebo-
controlled clinical trials (AMAGINE-1, AMAGINE-2 and AMAGINE-3),
which showed its promising safety and efficacy profiles, and its supe-
riority to ustekinumab.'*=2 Moreover, different real-life experiences
confirmed the promising results of these trials.2272%

Ixekizumab is a humanized monoclonal 1gG-4 antibody, specifi-
cally binding IL-17A, which demonstrated strong efficacy in treating
moderate-to-severe psoriasis.2® Ixekizumab has been approved by
EMA for moderate-to-severe plaque psoriasis, pediatric plague psoria-
sis, psoriatic arthritis and axial spondylarthritis, and by FDA for
moderate-to-severe plaque psoriasis and active PsA.2%?” The effec-
tiveness and safety of ixekizumab in moderate-to-severe psoriasis has
been showed by three randomized, double-blinded, phase-3 trials
(UNCOVER-1, UNCOVER-2 and UNCOVER-3),?”% and also con-
firmed by several real-world studies.2?~3? Clinical trials also showed
ixekizumab superiority respect to etanercept, ustekinumab, and
adalimumab.®2737 However, to date real world studies comparing ixe-
kizumab and brodalumab efficacy and safety profiles in order to high-
light eventual differences are still lacking. Real life studies are needed
to assess treatment outcomes in daily clinical practice, referring to
more complicated patients, which are usually excluded from clinical
trials.3®%? They are fundamental to gain additional data to guide treat-
ment choice for psoriasis patients among the jungle of different bio-
logic drugs. Herein, we performed a retrospective cohort study using
real-world data to indirectly compare the efficacy and safety of ixeki-

zumab and brodalumab in psoriasis patients.

2 | MATERIALS AND METHODS
A single-centre real life retrospective study was performed enrolling
moderate-to-severe psoriatic patients under biologic treatment with

ixekizumab or brodalumab for their disease, attending the Psoriasis

Care Center of Dermatology at the University Federico Il of Naples,
from November 1,2019 to December 1, 2021, to indirectly compare
effectiveness and safety of these two biologic drugs. Inclusion criteria
were: (i) diagnosis of moderate-to-severe plaque psoriasis by a derma-
tologist, (body surface area [BSA] > 5 and/or psoriasis activity severity
index [PASI] > 7); (ii) psoriasis duration >1 year; (iii) treatment with
brodalumab and ixekizumab. Patients were treated with standard dose
of brodalumab (210 mg administered by subcutaneous injection at
weeks 0, 1, and 2 followed by 210 mg every 2 weeks) or ixekizumab
(two injections of 80 mg subcutaneously at Week O, followed by
80 mg every 2 weeks up to Week 12, and then every 4 weeks). At
baseline, for each patient the following data were collected:
(i) personal and demographic dataj; (ii) psoriasis duration and presence
of psoriatic arthritis; (iii) comorbidities; (iv) previous treatments for
psoriasis; (v) psoriasis severity through BSA and PASI, routine blood
tests (blood count with formula, transaminases, creatinine, azotaemia,
glycaemia, erythrocyte sedimentation rate, C reactive protein, total
cholesterol and triglycerides levels, protein electrophoresis) and
adverse events (AEs) were assessed at every follow-up visit. The
effectiveness of brodalumab and ixekizumab treatment were evalu-
ated at weeks 4, 12, and 24 in terms of mean percentage change from
baseline and percentage of patients with a PASI reduction 275%
(PASI 75), 290% (PASI 90) and 100% (PASI 100). Lack of PASI
75 response after 12 weeks was considered primary inefficacy, while
loss of PASI 75 response in patients who had previously achieved
PASI 75 response at week 12 as a secondary loss of efficacy.
Treatment-emergent AEs, physical examinations and laboratory moni-
toring were used to evaluate the safety of the treatment whereas effi-
cacy data were analyzed using a last observation carried forward
method, where if a patient dropped out of the study the last available
value was ‘carried forward’ until the end of the treatment. The pre-
sent study was conducted respecting the Declaration of Helsinki, and

all patients signed an informed consent before starting the study.

2.1 | Statistical analysis

Demographic and clinical variables were analyzed through descriptive
statistics. Data were presented as number and proportion of patients
for categorical variables and as mean * standard deviation in case of
continuous ones. Student's t-test and Chi-square test were used to
assess the statistical significance of the quantitative and qualitative
characteristics differences of the cohort of patients treated with bro-
dalumab and ixekizumab. A p value of <0.05 was statistically signifi-
cant. The last observation carried forward (LOCF) method was used at
each time point. All statistical analyses were performed using
GraphPad-Prism 4.0 (GraphPad Software Inc.).

3 | RESULTS

A total of 139 patients were included in the study: 98 (70.5%)
received ixekizumab, while 41 (29.5%) patients received brodalumab.
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TABLE 1 Demographic data and clinical outcomes of patients treated with ixekizumab and brodalumab.

Treatment groups Ixekizumab Brodalumab p
Number of patients 98 41 ns
Sex
Male 67 (68.3%) 24 (58.8%) ns
Female 32 (31.7%) 17 (41.2%) ns
Mean age (years) 544 +14.3 48.3 +16.1 p<0.01
Mean duration of psoriasis (years) 228+ 119 19.6 +7.8 p <0.01
Psoriatic arthritis 41.8% (h = 41) 36.5% (n = 15) ns
Comorbidities
Hypertension 42.8% (nh = 42) 36.5% (n = 15) ns
Dyslipidaemia 35.7% (n = 35) 24.4% (n = 10) ns
Diabetes 16.3% (n = 16) 7.3% (n = 3) ns
Cardiopathy 11.2% (h = 11) 14.6% (h = 6) ns
Previous conventional systemic treatments
Cyclosporine 39.8% (n = 39) 36.5% (n = 15) ns
Acitretin 27.5% (n = 27) 43.9% (h = 18) ns
Methotrexate 47.9% (n = 47) 48.8% (h = 20) ns
Nb-UVB phototherapy 16.3% (n = 16) 4.8% (n=2) ns
Previous biologic treatments
Anti TNF 52.1% (h = 51) 56.1% (n = 23) ns
Etanercept 18.3% (n = 18) 24.4% (n = 10) ns
Adalimumab 27.5% (n = 27) 29.2% (n = 12) ns
Infliximab 5.1% (h = 5) 4.8% (h=2) ns
Certolizumab 23.4% (n = 23) 9.7% (n = 4) ns
Golimumab 5.1% (h = 5) 9.7% (n = 4) ns
Anti-IL-23/23 22.4% (n = 22) 31.7% (n = 13) ns
Ustekinumab 22.4% (n = 22) 31.7% (n = 13) ns
Anti-IL-17 27.5% (n = 27) 21.9% (n = 15) ns
Secukinumab 27.5% (n = 27) 21.9% (n=29) ns
Ixekizumab 0% (n = 0) 14.6% (n = 6) ns
Brodalumab 0% (h = 0) 0% (n =0) ns
Adverse events
Pharyngitis 8.1% (n = 8) 9.7% (n = 4) ns
Flu-like illness 6.1% (n = 6) 4.8% (h=2) ns
Headache 5.1% (h = 5) 7.3% (n=3) ns
Myalgia/arthralgia 0% (n = 0) 2.4% (n=1) ns
Candidiasis 6.1% (n = 6) 24% (n=1) ns
Discontinuation rate (at last follow up visit) 9.1% (h=9) 17.1% (h=7) ns
Baseline
Mean PASI 184+7.2 162+54 ns
Mean BSA 36.7 +13.6 314+ 14.6 ns
Week 4
Mean PASI 48 £3.7 51+36 ns
Mean BSA 157 £89 16.9 £ 6.9 ns
PASI90 43.8% (n = 43) 39.0% (n = 16) ns
PASI100 20.4% (n = 20) 17.1% (n=7) ns

(Continues)
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TABLE 1 (Continued)
Treatment groups Ixekizumab Brodalumab p
Week 12
Mean PASI 32+09 43+0.8 ns
Mean BSA 5429 6116 ns
PASI90 74.5% (n = 73) 68.2% (n = 28) ns
PASI100 44.8% (n = 44) 41.4% (n = 17) ns
Week 24
Mean PASI 0.9 +0.6 1.3+04 ns
Mean BSA 22+14 35+12 ns
PASI90 83.6% (n = 82) 75.6% (n = 31) ns
PASI100 71.5% (n = 70) 60.9% (n = 25) ns

Abbreviations: BSA, body surface area; PASI: psoriasis area severity index.

(A) PASI 90

—-e- |xekizumab
80- Brodalumab

wetlek 4 weelk 12 weelk 24

(B) PASI 100

—e- |xekizumab
Brodalumab

wee':-k 4 wee'k 12 wee'k 24

FIGURE 1 PASI90 (A) and PASI100 (B) responses in ixekizumab
and brodalumab groups

Ixekizumab group comprised 67 males (68.3%) and 32 females
(31.7%) with a mean age of 54.4 + 14.3 years while brodalumab group
was composed of 24 males (58.8%) and 17 females (41.2%) with a
mean age of 48.3 + 16.1 years (Table 1). Ixekizumab and brodalumab
groups were comparable for sex, psoriasis severity, comorbidities, and
previous systemic treatment except for mean age and mean psoriasis
duration (p < 0.01) which resulted higher for ixekizumab group.
(Table 1) Each patient of both study groups had been previously trea-
ted with at least one conventional systemic treatment, while previous
biological treatment failure was reported in more than half of patients
both groups. (Table 1) Demographic data, previous conventional and

biological treatments for the two groups were resumed in Table 1.

Mean PASI and BSA significantly reduced at each follow up for
both ixekizumab and brodalumab groups. Particularly, in ixekizumab
group, mean PASI score reduced from 18.4 + 7.2 at baseline to 4.8
+ 3.7 at Week 4 (p < 0.001), to 3.2 + 0.9 at Week 12 (p < 0.001), and
up to 0.9 + 0.6 at Week 24 (p < 0.001). As regards brodalumab group,
mean PASI decreased from 16.2 + 5.4 at baseline, to 5.1 + 3.6 at
Week 4 (p < 0.001), to 4.3 £ 0.8 at Week 12 (p < 0.001), and up to
1.3 + 0.4 at Week 24 (p < 0.001). BSA showed a similar trend for both
groups (Table 1). No significant difference in mean PASI and BSA were
observed between the treatments at all follow-ups. No significant dif-
ferences were found in the percentage of patients achieving absolute
PASI <1, <3, and <5 between brodalumab and ixekizumab group. Ixe-
kizumab group reached higher rates of PASI90 and PASI100 than bro-
dalumab at each follow-up, however, none of these differences
resulted statistically significant: (PASI90: 43.8% vs 39.0% PASI100:
20.4% vs. 17.1% at week 4, PASI90: 74.5% vs. 68.2%PASI100: 44.8%
vs. 41.4% at week 12, and PASI90: 83.6% vs. 75.6% PASI100: 71.5%
vs. 60.9% at week 24) (Table 1) (Figure 1A,B).

Reported mild blood tests alterations were not clinically relevant and
did not significantly differ between the two groups (16.3%, n = 16 in ixe-
kizumab group, and 17.1%, n = 7 in brodalumab group). Registered AEs
included pharyngitis (8.1%), headache (5.1%), candidiasis infection (6.1%),
and flu-like illness (6.1%) for ixekizumab; in brodalumab group they were
represented by pharyngitis (9.7%), flu-like illness (4.8%), headache (7.3%),
myalgia/arthralgia (2.4%), and candidiasis infection (2.4%). No significant
differences were registered for ixekizumab and brodalumab. None of
these AEs required treatment discontinuations, except for one patient in
the ixekizumab group who discontinued treatment due to a recurrent oral
candidiasis, early improved after ixekizumab discontinuation. No cases of
serious AEs, injection site reaction, malignancy, cardiovascular events
were reported in both groups.

Discontinuation rate resulted lower for ixekizumab than brodalu-
mab (9.1% vs. 17.1%) although this data did not reach statistical signif-
icance. Among ixekizumab group: five patients discontinued due to
primary inefficacy, three patients due to loss of efficacy, and one
patient due to AE (recurrent oral Candidiasis). Among Brodalumab

group: three patients discontinued due to primary inefficacy, four
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patients due to loss of efficacy, while no patients discontinued due to
any AEs. No significant differences were found among discontinua-
tions between the two groups. Demographic data, clinical data, and
treatment outcomes, including mean PASI and BSA, PASI90 and
PASI100 responses, and reported AEs, were resumed in Table 1.

4 | DISCUSSION

Psoriasis pathogenesis is complex and multifactorial, resulting from a
combination of environmental, genetic, and immunologic factors.*°
Even if the exact mechanism behind psoriasis lesions is not completely
understood, recent major research advantages revealed IL-23/Th17
axis as the key immune pathway in psoriasis pathogenesis, with the
proinflammatory cytokine IL-17A as its primary effector.** IL-17A and
IL17F represent the most studied subtypes of the IL-17 family. IL-17A
exists as a homodimer or as a heterodimer with IL-17F, binding to an
IL-17 receptor that is comprised of IL-17RA and IL-17RC, resulting in
the activation of multiple and complex pathways. IL17A physio-
logically plays a key role in mucocutaneous defense against extracellu-
lar pathogens, such as Candida Albicans.*?> However, an upregulation
of IL-17A response has been found in in autoimmune and inflamma-
tory disease, such as psoriasis.*® Particularly, a dysregulation of this
pathway induces the over-expression of various pro-inflammatory
cytokines, leading to the recruitment of granulocytes, and resulting in
the cycle of inflammation and proliferation that is typically observed
in psoriasis lesions.*2"> The understanding of the important role of
IL17 in psoriasis pathogenesis resulted in the development of targeted
biologic therapies.** Currently, there are three FDA ap-provedanti-IL-
17 pathway: secukinumab, ixekizumab, and brodalumab.*! Ixekizumab
safety and efficacy profiles in psoriatic patients have been evaluated
in three clinical trials (UNCOVER-1, UNCOVER-2, and UNCOVER-3).
Particularly, the UNCOVER-1 trial evaluated ixekizumab compared to
placebo,** while UNCOVER-2 and UNCOVER-3 compared ixekizu-
mab to placebo and etanercept.?’ Furthermore, IXORA-S, a head-to-
head randomized clinical trial, evaluated ixekizumab efficacy com-
pared to ustekinumab.®* In all these clinical trials ixekizumab showed
promising results in terms of both safety and efficacy profiles, when
compared with both placebo and other biological agents. Particularly,
ixekizumab resulted superior to placebo in the UN-COVER-1 trial
(PASI75 reached in 82.6% and 3.9 respectively), superior to placebo
and etanercept in UNCOVER-2 (PASI75 achieved in 77.5%, 2.4% and
41.6% respectively) and UNCOVER-3 trials (PASI75 achieved in
84.2%, 7.3% and 53.4% respectively),zs"46 and superior to ustekinu-
mab in IXORA-S (PASI90 achieved in 72.8% and 42.9% respec-
tively).># Clinical trials also showed ixekizumab efficacy in long term
evaluation, and in the treatment of difficult to treat psoriasis like nails,
scalp, palmoplantar, genital, and pustular psoriasis.*” > Promising tri-
als' results were evaluated also by real life setting studies, which con-
firmed trials results and showed interesting results reached with
ixekizumab treatment also in terms of PASI?0 and PASI100
responses.>>? Furthermore, real life studies compared ixekizumab

with secukinumab are both highly effective in short- and long-term
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treatment of psoriasis, even though few differences exist concerning
speed of action and long-term effectiveness, with a faster response in
term of achieving PASI75 and PASI90 for ixekizumab.>*>°> Brodalu-
mab efficacy and safety profiles were evaluated in three randomized
double blinded controlled trials (AMAGINE-1, AMAGINE-2 and
AMAGINE-3). These trials showed the superiority of brodalumab in
achieving PASI75 respect to placebo in AMAGINE-1 (PASI75
achieved in 83.3%, 2.7% respectively), AMAGINE-2 (PASI75 86% and
8% respectively) and AMAGINE-3 trials (PASI75 85% and 6%, respec-
tively). Brodalumab resulted superior to ustekinumab in achieving
PASI100 response at week 12 in AMAGINE-2 (PASI100 achieved in
44% and 22% respectively) and AMAGINE-3 (PASI100 achieved in
37% and 19% respectively).>>>* Due to its more recent availability
respect to ixekizumab there are fewer data from real life studies.
However, available data from recent published real-life studies con-
firmed the efficacy and safety profiles showed by trials also in multi-
failure patients.?272%>> As regards safety profiles, both ixekizumab
and brodalumab resulted safe treatments. Indeed, for both treatments,
the most registered AEs were: nasopharyngitis, upper respiratory tract
infection, and injection-site reaction. Moreover, mild or moderate
Candida infections resulted higher for both treatments if compared to
placebo and other biological agents. Ixekizumab and brodalumab
appears as the most rapid biologic drugs available for psoriasis** being
associated with highest clinical outcomes in both short and long term.
To date real life comparison between those drugs are lacking. Real life
data are important because these studies usually refers to patients
which are excluded by the rigid inclusion and exclusion criteria of clin-
ical trials, such as patients affected by multiple comorbidities, patients
suffering from several chronic infections, such as latent tuberculosis
infection, as well as patients in different conditions than the ideal
ones during trials, such as during the ongoing COVID-19 pandemic
era.>®=>? Our study confirmed the high efficacy of both ixekizumab
and brodalumab treatments, showing significant PASI90 and PASI100
responses at each follow-up (p < 0.001) reaching PASI 100 in 71.5%
and 60.9% respectively at week 24. Comparing the two treatment
groups, no significant differences were found in demographic data,
except for the mean age and mean psoriasis duration, which resulted
significantly higher for ixekizumab group. Regarding clinical outcomes,
both treatments resulted highly effective on psoriasis, showing com-
parable high rates of PASI90 and PASI100 response at each follow-
up, with a rapid onset of action for both groups. Ixekizumab group
reached higher rates of PASI90 and PASI100 than brodalumab at each
follow-up, however, none of these differences resulted statistically
significant (PASI90: 43.8% vs. 39.0% PASI100: 20.4% vs. 17.1% at
week 4, PASI90: 74.5% vs. 68.2%PASI100: 44.8% vs. 41.4% at week
12, and PASI90: 83.6% vs. 75.6% PASI100: 71.5% vs. 60.9% at week
24). Similarly, discontinuation rate resulted lower for ixekizumab than
brodalumab (9.1% vs. 17.1%), without being statistically significant.
Our results also confirmed ixekizumab and brodalumab safety
profiles, showing comparable rates of AEs. Particularly, reported AEs
resulted comparable between ixekizumab and brodalumab: pharyngi-
tis (8.1% vs. 9.7%), headache (5.1% vs. 7.3%), and flu-like illness (6.1%
vs. 4.8%). Candidiasis infection rate resulted higher in the ixekizumab
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group (6.1% vs. 2.4%) albeit not reaching statistical significance. All of
these were mild infection, which rapidly improved after local or sys-
temic treatments. None of these AEs required treatment discontinua-
tions, except for one patient in the ixekizumab group who
discontinued treatment due to a mild but recurrent oral candidiasis,
early improved after ixekizumab discontinuation. No cases of serious
AEs, injection site reaction, malignancy, cardiovascular events were

reported in both groups.

41 | Limitations

Major limitations of our study were the retrospective nature of the
study, a relatively small sample of the study population, and a differ-
ent sample size between ixekizumab and brodalumab groups, due to
their different availability in routine clinical practice in our region,

Campania, Italy.

5 | CONCLUSION

Our study confirmed the high efficacy and safety profiles for both ixe-
kizumab and brodalumab, which resulted to be rapid and highly effica-
cious treatments for the management of moderate to severe psoriasis
with comparable outcomes. Moreover, even if our study highlighted
some differences between the two groups in terms of PASI90 and
PASI100 responses (with higher responses achieved for ixekizumab),
in terms of AEs (higher rates of mild Candida infection reported for
ixekizumab), and discontinuation rate (higher for brodalumab: 17.1%
vs. 9.1%), none of these differences resulted significant. According to
our data, this is the first study evaluating ixekizumab and brodalumab
in real life settings, however, more data are needed to confirm our
results, with a larger study population to better evaluate any differ-

ences among ixekizumab and brodalumab.
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