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Abstract

Background: Recent knowledge of psoriasis pathogenesis has led to the development of
biologic drugs. They have been suggested for moderate-to-severe psoriasis, milder disease in
case of active psoriatic arthritis, severe impact on quality of life, and involvement of sensitive
and difficult-to-treat areas. Brodalumab is a monoclonal antibody targeting the interleukin-17-
A receptor, approved for moderate-to-severe plaque psoriasis. Nowadays, psoriasis severity
monitoring can be more precise than in the past. Indeed, clinical evaluation by means of specific
efficacy scores may be combined with serological evaluation of inflammatory markers, the
increase of which is an indirect sign of the inflammatory state in psoriasis. Besides, dermoscopy
may help to diagnose psoriasis and to evaluate its clinical course.

Methods: A monocentric observational prospective study was performed enrolling patients
affected by moderate-to-severe plaque psoriasis, particularly in difficult-to-treat areas (scalp
and palmoplantar regions), undergoing treatment with brodalumab, to evaluate its effectiveness
and safety. Secondary outcomes were the assessment of inflammatory serum markers during
the treatment period as well as the evaluation of dermoscopic features of the affected sites, in
order to quantify disease activity and to evaluate the response to treatment.

Results: Twenty-five patients were included in the study. A statistically significant reduction
from baseline in PASI, PSSI, ppPASI and DLQI values as early as week 24 was observed, with
further improvement up to week 52. Plasma levels of MMP-3, VEGF-A, and hs-CRP decreased
during treatment from week 0 to week 52. Dermoscopy revealed a punctuated vascular pattern
in most lesions and superficial scales in all lesions. After 52 weeks of treatment, regression of
the vascular component and disappearance of desquamation were demonstrated.

Conclusion: Our real-life experience suggests brodalumab as a valuable option for the

management of psoriasis located in difficult-to-treat areas. Moreover, our study highlights the



capability of brodalumab to reduce plasmatic levels of inflammatory biomarkers, showing how
the drug could modulate the skin inflammatory response by reducing systemic inflammation.
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Introduction

Psoriasis is a chronic inflammatory skin disease, affecting up to 2—3% of the worldwide
population.! Despite several clinical phenotypes may be distinguished, plaque psoriasis is the
most common, accounting for 90% of cases and presenting as sharply demarcated erythematous
plaques covered by silvery-white lamellar scales.® Psoriasis management is challenging,
particularly for moderate-to-severe forms of the disease.* Moreover, several comorbidities (e.g.
psoriatic arthritis, inflammatory bowel disease, cardiovascular diseases, obesity, psychological
and psychiatric disorders, uveitis, etc.) may be associated with psoriasis, necessitating an early
treatment to prevent systemic complications.™® Recently, the introduction of biologics has
revolutionized the treatment scenario.”® Indeed, recent knowledge of psoriasis pathogenesis has
led to the development of selective biologic drugs, interfering with the action of cytokines such
as Tumor Necrosis Factor (TNF)-a, interleukin (IL)-23 and IL-17 by inhibiting the activation
of the inflammatory cascade at various levels.” In particular, IL-17 is a family of cytokines that
consists of 6 homodimers from IL-17-A to IL-17-F and an IL-17-AF heterodimer.'%!! IL-17-A
plays a crucial role in the pathogenesis of psoriasis and is the selective target of drugs such as
ixekizumab and secukinumab.'®!! IL-17-F has been shown to contribute to psoriatic
inflammation, and is the target of bimekizumab, together with IL17-A.!%2 However, other
isoforms such as IL-17-E and IL-17-C also seem to play an important role in certain
components of psoriatic symptoms such as itching.!®!" Of note, the A-type receptor for IL-17
acts as a common coreceptor for all IL-17 isoforms. Thus, the selective blockade of the receptor
rather than the cytokine allows the advantage of a simultaneous inhibition of all the IL-17
isoforms.!®!! In this scenario, brodalumab, a human monoclonal antibody targeting the IL-17-
A receptor, received both EMA and US FDA approval for the treatment of adult patients
suffering from moderate-to-severe plaque psoriasis.!* The efficacy and safety profiles of

brodalumab have been evaluated in three randomized, double-blind, Phase 3, placebo-



controlled clinical trials (AMAGINE-1,-2, and -3), which showed its superiority to both placebo
and ustekinumab.!*'® Moreover, these promising results have been confirmed by real-life
studies.!”" Current guidelines suggest the use of biologic drugs for moderate-to-severe
psoriasis defined by Psoriasis Area and Severity Index (PASI) and/or body surface area (BSA)
>10.2%2! However, biologics may be considered in patients with milder disease in case of active
psoriatic arthritis, severe impact on patient’s quality of life [Dermatology Life Quality Index
(DLQI)>10], and involvement of sensitive and difficult-to-treat areas, such as face, scalp,
palms, soles, nails, and genitalia.?’2! These skin locations commonly require systemic drugs as
well as they are more resistant to conventional topical and systemic treatments, strongly
impacting on patients’ quality of life.?? Thus, the treatment goal should be the use of the right
drug for the right patient at the right moment.?*> Nowadays, psoriasis severity monitoring can
be much more precise than in the past. Indeed, clinical evaluation by means of specific efficacy
scores may be combined with serological evaluation by means of the assay of specific
inflammatory biomarkers, i.e. metalloproteinase (MMP)-3, vascular endothelial growth factor
(VEGF)-A, and high-sensitivity C-reactive protein (hs-CRP), the increase of which is an
indirect sign of the inflammatory state in psoriatic patients.?* Finally, the use of dermoscopy
may help to quantify disease activity and to evaluate the response to treatment.?>-2¢

The aim of our study was to investigate the effectiveness and safety of brodalumab in patients
with psoriasis affecting difficult-to-treat areas (scalp and palmoplantar regions). Secondary
outcomes were the assessment of inflammatory serum markers during the treatment period as
well as the dermoscopic examination of the affected sites to quantify disease activity and to

evaluate the response to treatment.



Materials and Methods

A monocentric observational study was performed enrolling patients affected by moderate-to-
severe plaque psoriasis, particularly in difficult-to-treat areas (scalp and palmoplantar region),
undergoing treatment with brodalumab and attending the Psoriasis Care Centre between 2020
and 2022. Inclusion criteria were 1) diagnosis of moderate-to-severe plaque psoriasis assessed
by a dermatologist for at least 6 months; ii) failure, contraindication or intolerance to 1 or more
systemic therapies; iii) presence of severe plaque psoriasis (PASI > 10 and/or BSA > 10) with
localization on the scalp [Psoriasis Scalp Severity Index (PSSI)>8] or palmoplantar region
[palmoplantar Psoriasis Activity Severity Index (ppPASI)>8]; iv) eligibility for treatment with
brodalumab according to regional guidelines in the absence of contraindications to the
administration of the drug. Exclusion criteria were 1) Chron’s disease; i1) clinically important
active infections; iii) pregnancy; iv) breastfeeding or women of childbearing age who are
unwilling to use appropriate contraceptive methods; iv) medical problems that in the
investigator’s opinion would put the patient at any clinical risk; v) history of allergy to any
component of brodalumab. Brodalumab was administered at labelled dosage [(210 mg
administered by subcutaneous injection at weeks 0, 1 and 2, followed by 210 mg every 2 weeks
(Q2W)]. The follow-up period of brodalumab treatment was 52 weeks. Patients already on
biologic therapy underwent an adequate wash-out period on their current drug before starting
brodalumab therapy. Demographic (age, sex) and clinical features [psoriasis severity through
PASI, BSA, PSSI and ppPASI, DLQI, comorbidities, previous and current psoriasis treatment]
were collected for each patient at baseline.

Furthermore, psoriasis severity (PASI, BSA, PSSI, ppPASI and DLQI) was evaluated at each
follow-up visit (week 2, week 4, week 12, week 24 and week 52) as well as adverse events

(AEs) were monitored at the same timepoints.



Blood samples (5 mL each) to assess circulating levels of the inflammatory biomarkers MMP-
3, hs-CRP and VEGF-A were collected from all patients using EDTA tubes (BD Vacutainer®)
at week 0 and weeks 12 and 52. Plasma was separated from the samples by centrifugation at
3000 rpm for 10 minutes, aliquoted and immediately stored at —80°C before further analysis.
Plasma levels of markers were detected by Ella Automated Immunoassay System using a
cat#SPCKC-PS -000304 kit for VEGF-A and a cat#SPCKC-PS-000200 kit for hs-CRP. At the
same timepoints (week 0, 12 and 52), dermoscopic images at scalp and palmoplantar level were
acquired with the DermLite Foto II Pro-Canon 11 digital camera to assess clinical improvement.
The dermoscopic criteria considered in the study were erythema and desquamation.

The present study was conducted respecting the Declaration of Helsinki and all patients signed
an informed consent before starting the study.

Statistical Analysis

Clinical and demographic data were evaluated through descriptive statistics. Continuous
variables were presented as mean + standard deviation, while number and proportion of patients
were used for categorical ones. Statistical analysis using GraphPad Prism 5.0 (GraphPad
Software Inc., La Jolla, CA, USA) was performed to assess the statistically significance of
clinical response. Two-Way ANOVA test and the paired t-Test were used to evaluate the
statistical significance of the differences in values obtained at the different time points of
therapy for psoriasis severity scores and the inflammatory biomarkers, respectively. P

values<0.05 were considered as statistically significant.

Results
Twenty-five patients treated with brodalumab (15 males, 60.0%; mean age 46.6 + 12.5 years)
met the inclusion criteria and completed the follow-up period. As regards previous treatments,

12 (48.0%) patients had received only topical corticosteroid and vitamin D therapies and had



contraindications to the use of conventional systemic drugs, 9 (36.0%) subjects had previously
received topical and systemic therapies (methotrexate and cyclosporine) and 4 (16.0%) patients
had previously been treated with biological drugs, such as adalimumab (1, 4.0%), ixekizumab
(1, 4.0%) and ustekinumab (2, 8.0%), with poor symptoms control. Baseline clinical evaluation
showed a mean PASI of 20.86 + 6.9, mean PSSI of 24.15 £+ 16, mean ppPASI of 20.33 £ 2.12
and a mean DLQI of 19.71 £ 6.85. A statistically significant reduction from baseline in PASI,
PSSI, ppPASI and DLQI values as early as week 24 was observed, with further improvement
up to week 52 (Figure 1). At week 24 and week 52 the mean PASI values were 3.92 +4.09 and
2.08 +3.41, respectively, compared to a baseline value of 20.8 &+ 6.9. Similarly, the mean PSSI
values were 23.6 + 15.56 at week 2, 15.70 = 14.47 at week 4, 4.29 + 7.64 at week 24 and 2.46
+ 4.89 at week 52, as well as at week 24 and week 52 the mean ppPASI values were 1.42 +
2.94 and 1.25 £ 2.80, respectively, compared to a baseline value 0of20.33 +2.12. Figure 2 shows
how the DLQI decreased over time compared with PASI (Figure 2a), PSSI (Figure 2b) and
ppPASI (Figure 2c). As regards the safety, 5 (20.0%) patients reported at least one AE
(pharyngitis: 2, 40.0%; flu-like illness, 2, 40.0%; headache: 1, 20.0%). Of note, all the AEs
were mild, not requiring treatment discontinuation. The analysis of plasma levels of MMP-3,
VEGF-A and hs-CRP was performed to assess the inflammatory status of patients during
treatment (Figure 3). In line with the literature data, the biological markers decreased during
the course of therapy from week 0 to week 52. The results showed a downward trend in protein
levels already evident after 12 weeks of treatment, with a further reduction at week 52. In
particular, MMP-3 and VEGF-A were significantly (**p < 0.01) reduced after 52 weeks of
treatment while in the case of hs-CRP, a reduction trend already evident after 12 weeks was
further confirmed by measurements at week 52, although not in a statistically significant

manner.



Moreover, before starting brodalumab therapy, all patients underwent dermoscopic
investigation: in 11 patients (44%) dermoscopy was performed at the scalp, in 7 at the
palmoplantar surface (28%) and in 7 at both sites (28%). Dermoscopic evaluation revealed a
punctuated vascular pattern over the entire examined area in most lesions and the presence of
superficial scales in all lesions. After 52 weeks of treatment, dermoscopy showed regression of

the vascular component and disappearance of desquamation.

Discussion

Psoriasis management is challenging,?’ particularly for difficult-to-treat areas. Indeed, the
involvement of these regions (nails, palmoplantar, scalp and genitalia) is often associated with
a significant negative impact on patients’ quality of life, and a consensus on the best treatment
options is still limited, leading to unmet needs for safe and efficacious therapies.?®?° Moreover,
poor accessibility to lesions, therapy resistance, and reduced treatment-adherence further
complicate the therapeutic landscape.’®*! The introduction of biologic drugs has revolutionized
the treatment scenario, showing promising data in terms of efficacy and safety.’>® Among
these, brodalumab, a human IL-17 receptor A antagonist, seems to be a valuable option.>” Our
52-weeks prospective study enrolling 25 patients affected by psoriasis located in difficult-to-
treat areas (palmoplantar and scalp) treated with brodalumab showed a statistically significant
reduction from baseline in PASI, PSSI, ppPASI and DLQI values as early as week 24, with
further improvement up to week 52. Clinical results have been confirmed by laboratory
parameters and dermoscopic assessment. Despite the small size of the cohort, our study seems
to confirm data from current literature. As regards scalp psoriasis, in a post hoc analysis of the
phase 3 AMAGINE- 1 study, 177 patients with scalp psoriasis (PSSI > 15) were randomized to
receive brodalumab 210mg Q2W (n = 82) or placebo (n=95). At week 12, PSSI75 and PSSI100

were reached by 89.0% and 63.4% of patients in brodalumab cohort and 9.5% and 3.2% of
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subjects receiving placebo, respectively.’® In a sub-analysis of a Phase 2 Japanese trial, the
effectiveness of brodalumab in moderate-to-severe scalp psoriasis management has been
evaluated in 75 subjects receiving brodalumab 210mg Q2W (n = 37, mean PSSI at baseline:
24.3 £ 15.7) or placebo (n = 38, mean PSSI at baseline: 26.2 + 15.5).>° After 12 weeks of
treatment, a statistically significant reduction of PSSI was reported in patients receiving
brodalumab (94.5% + 14.8%) compared with placebo (12.6% + 63.0%), respectively (p <
0.001).* As regards palmoplantar psoriasis, Politou et al reported the results of a case series on
4 patients receiving brodalumab after failing treatment with secukinumab, showing that all
patients (4/4) with palmoplantar pustulosis achieved PASI100 at week 16.*® The unique
mechanism of action of brodalumab, the faster onset of response compared with other biologics,
its effectiveness and safety make this drug a valuable option in psoriasis management, also in
patients with inadequate response to other biologics and with the involvement of difficult-to-
treat areas.’” To the best of our knowledge, our study is the first investigating the efficacy of
brodalumab in palmoplantar and scalp psoriasis in a real-world setting.

Moreover, our study is the first evaluating the response to brodalumab therapy assessing the
correlation between clinical improvement and reduction in inflammatory biomarkers as well as
performing dermoscopic examination of psoriasis lesions. Interestingly, several serum
biomarkers are currently under investigation for their potential role in the anticipation of
psoriasis diagnosis.*’ In our study, we investigated three biomarkers: VEGF-A, MMP-3 and hs-
CRP, usually increased in psoriasis patients. In particular, hs-CRP is an acute-phase protein,
recognized as one of the most sensitive markers of inflammation and an independent risk factor
for cardiovascular disease. Recent studies showed that hs-CRP can work interchangeably with
PASI as a measure of disease severity in case of untreated patients with moderate-to-severe
psoriasis.*! Similarly, VEGF-A is a key angiogenic factor in psoriasis pathogenesis, increased

both in the skin and in the plasma of affected patients, whose levels correlate with disease
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activity and treatment response.*? All these biomarkers decreased during brodalumab treatment.
Such reduction became evident at week 12, with a statistical significance for MMP3 and VEGF-
A (**p <0.01) after 52 weeks of treatment.

As regards dermoscopy, it is a noninvasive tool which allows to increase the accuracy of the
diagnosis of psoriasis.** Generally, dermoscopic examination of plaque psoriasis shows a
distinctive pattern characterized by diffuse white scales and regularly and symmetrically
distributed dotted vessels on a light or dull red background.*** In our study, a significant
reduction of the vascular component as well as the disappearance of desquamation during
treatment with brodalumab have been shown, highlighting the usefulness of dermoscopy not
only for the diagnosis of psoriasis, but also for evaluating its course and response to therapy.
To sum up, the management of psoriasis located in difficult-to-treat areas is challenging. Our
study investigated the use of brodalumab in palmoplantar or scalp psoriasis, with the secondary
aim of assessing the level of inflammatory serum markers during the treatment period as well
as the utility of dermoscopic examination to quantify disease activity and to evaluate the
response to treatment. Despite the small size of the cohort, our results suggest that brodalumab
may be an effective option for palmoplantar or scalp psoriasis, even in patients showing
inadequate response to other biologic drugs. Moreover, dermoscopy seems to be a useful tool
in the assessment of psoriasis severity and response to treatment. Finally, data derived from the
evaluation of inflammatory biomarkers during the treatment suggest that brodalumab acts not
only on cutaneous signs of psoriasis but it seems to reduce the patient’s overall inflammatory
state. Certainly, further studies are needed to confirm our results.

Strengths and Limitations

The prospective design and the statistical significance of our results are the main strengths of
our study. The size of our cohort as well as the lack of a comparison with other anti-IL-17 drugs

are the main limitations, reducing the generalizability of our results.
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Conclusions

Our real-life experience suggests brodalumab as a valuable option for the management of
psoriasis located in difficult-to-treat areas. Clinical results were confirmed by dermoscopy
which showed to be a useful tool in assisting the evaluation of response to treatment. Moreover,
our study highlights the capability of brodalumab to reduce plasmatic levels of inflammatory
biomarkers (MMP-3, VEGF-A and hs-CRP), showing how the drug could modulate the skin
inflammatory response by reducing systemic inflammation.

Further studies with a larger sample size are required to confirm our data, as well as to improve

the decision-making process in choosing the best treatment option for each patient.
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Figure 1. Scalp psoriasis in patient 3 at baseline (a—c) and after 12 weeks of treatment (d—f).
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Figure 2. PASI (a), PSSI (b) and ppPASI (c) values and relative DLQI trends in patients at

baseline (WO0) and after 2, 4, 12, 24 and 52 (W2, W4, W12, w24 and w52) weeks of brodalumab

treatment. Statistical significance was assessed with the two-way ANOVA test. ***p < 0.001;

**p <0.05; *p <0.1.
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Figure 3. Plasma levels of MMP-3, VEGF-A and hs-CRP at baseline (WO0), after 12 (W12) and

after 52 (W52) weeks of brodalumab treatment. The results showed a downward trend in protein

levels already evident after 12 weeks of treatment, with a further reduction at week 52.

Statistical significance was assessed with the paired t-Test. **p < 0.01.
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