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Abstract Psoriasis is a chronic inflammatory skin disorder resulting from a complex
network of cytokines and chemokines produced by various immune cell types and
tissue cells. Emerging evidence suggests a central role of IL-17 and IL-23/T17 axis
in the pathogenesis of psoriasis, giving a rationale for using IL-17-blocking agents as
therapeutics.

Three agents targeting IL-17 signaling are being studied in Phase IIl clinical trials:
secukinumab and ixekizumab (IL-17 neutralizing agents), and brodalumab (IL-17 receptor
antagonist). Preliminary results are highly promising for all anti-IL17 agents, creating fair
expectations on this class of agents as the new effective therapeutic approach for the
treatment of psoriasis.
© 2014 Elsevier Espana, S.L. and AEDV. All rights reserved

Papel patégeno de la IL-17 en la psoriasis y en la artritis psoriasica

Resumen La psoriasis es un trastorno cronico inflamatorio de la piel resultante de un
complejo sistema de citocinas y quimiocinas producidas por varios tipos de células in-
munes y células tisulares. La evidencia incipiente sugiere un papel central de la IL-17 y
el eje IL-23/T17 en la patogénesis de la psoriasis, lo que ofrece una base para el uso de
agentes bloqueadores de la IL-17 como tratamiento.

Estan siendo estudiados en estudios clinicos en fase Ill tres agentes enfocados en
la sefalizacion de la IL-17: secukinumab e ixekizumab (agentes neutralizantes de la
IL-17), y brodalumab (antagonista del receptor de la IL-17). Los resultados preliminares
son altamente prometedores para todos los agentes anti-IL17, lo que crea claras
expectativas para esta clase de agentes como un nuevo planteamiento terapéutico
eficaz para el tratamiento de la psoriasis.
© 2014 Elsevier Espafa, S.L. y AEDV. Todos los derechos reservados.
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Psoriasis is a chronic, disabling, inflammatory skin disease
with a worldwide prevalence of about 2.5%." It is estimated
that 70%-80% of patients suffer from a mild form of psoriasis,
usually treated with topical medications and phototherapy.
The remaining 20%-30% show a moderate-to-severe form
that requires a systemic treatment including conventional
therapeutics (phototherapy, methotrexate, cyclosporine,
acitretin) and biologic agents.

The pathogenic mechanism leading to the psoriatic
plaque formation is not fully clarified though, in the last
two decades, important advances in the understanding
of psoriasis pathogenesis guided the identification of key
pathogenic circuits, and consequently, the development
of therapeutics that selectively target crucial psoriasis
mediators, such as interleukin (IL)-17A (simply known as
IL-17) and tumor necrosis factor alpha (TNFa.).

Previously considered only a skin disorder, psoriasis is now
recognized as a systemic disease: in fact, epidemiological,
clinical, and pathogenic evidence associates psoriasis,
particularly the severe form, with an increased risk of
mortality and various comorbidities including arthritis,
metabolic disorders (type Il diabetes, obesity, metabolic
syndrome), cardiovascular disease, hypertension, and
depression.2? There is also a marked impairment of quality
of life associated with a reduced productivity and poor
social life*>.

New insights advanced our understanding of disease
pathophysiology with important therapeutics implications,
leading to the development of selective-targeting
therapeutics. Chronologically, the first class of biologics
designed for the treatment of psoriasis was represented by
the anti-TNFo agents (adalimumab, etanercept, infliximab),
followed by the anti-IL-12/IL-23p40 agents (ustekinumab
and briakinumab), and lately, by emerging classes of
agents blocking IL-17 signaling (brodalumab, ixekizumab,
secukinumab) or the IL23p19 subunit (tildrakizumab and
guselkumab), which are currently in the pipeline for
psoriasis treatment.

Psoriasis is an immune-mediated disorder, resulting from the
combination of genetic susceptibility and environmental/
endogenous triggers. Previous conventional genetic
linkage analyses identified 10 chromosomal loci (named
PSORS1 to PSORS10) correlated to the onset of psoriasis.
Lately, genome-wide association studies identified a
greater number of susceptibility genes. Most of them are
involved in the immune response characterizing psoriasis
such as innate immunity-related genes (interferon [IFN],
nuclear factor kappa-light-chain-enhancer of activated B
cells [NFkB]), IL-17-related genes (IL12B, IL23A, IL23R,
TRAF3IP2, TYK2), while few genes (LCE3B and LCE3C) are
linked to the keratinocyte differentiation process.¢ Psoriasis
histological hallmarks include epidermal acanthosis, hyper-
parakeratosis, tortuous and dilated blood vessels in the
papillary dermis, and dense clusters of inflammatory cells
infiltrating mainly the dermis, but also the epidermis.’

Activated CD4+ T cells, predominantly localized in the
dermis, produce several pathogenic cytokines such as IFNy
and TNFa (so called Tht cells), IL-17A, IL-17F, and IL-22
(Th17 cells), TNFa and IL-22 (Th22 cells). An important
contribution in cytokine production derives from CD8+ T
cells, Tc17, Tc1, and Tc22, respectively producing IL-17,
IFNy, and IL-22, infiltrating the epidermis.®® Though T
cells are central to the pathogenesis of psoriasis, dendritic
cells (DCs), and keratinocytes play an active role, in
particular a psoriasis-specific myeloid DC subtype, named
Tip-DCs, TNFa and inducible nitric oxide synthase (iNOS)-
producing DCs. Tip-DCs, activated by various stimuli (IFNa,
toll-like receptor agonists), express and secrete: a) pro-
inflammatory mediators such as iNOS and TNFa; b) IL-20,
which stimulates keratinocyte proliferation, and c¢) both
p40 cytokines, IL-23 and IL-12.10-2,

Importantly, IL-12 and IL-23 induce the differentiation of
naive CD4+ T cells into Th1 and Th17, respectively, and both
pathways are considered to be crucial in the pathogenesis of
psoriasis. Similar to Th17, Tc17 activation and polarization
are regulated by IL-23, whereas IL-12 influenced the
differentiation of Tc1 cells.”*" IL-23 is a heterodimer
constituted by p19 and p40 subunits. The p40 subunit is
common to IL-12, which also includes the p35 subunit.

Additionally to T1 (considering Tc1 and Th1 together), T17
(Tc17 and Th17), T22 (Th22 and Tc22), and Tip-DCs, other
immune cells (plasmacytoid DCs, mast cells, neutrophils,
natural killer cells [NK cells], macrophages) participate to
psoriasis pathogenesis, and thus, to cytokine production.
Tissue cells including fibroblasts, endothelial cells, and
keratinocytes, are clearly involved in the psoriatic plaque
formation process: particularly, keratinocytes, which are
considered the key-responding cells to the inflammatory
cytokine “storm”. Indeed, keratinocyte contribution is
relevant to psoriasis phenotype as they sustain and amplify
skin inflammation through the expression of antimicrobial
peptides (AMPs) (i.e. HBD-2, S100A7, S100A8, S100A9,
S100A12, LCN2), chemokines (CXCLs —chemokine [C-X-C
motif] ligand—, CCL20 —chemokine [C-C motif] ligand—),
cytokines (IL-6, TNFa), growth factors for neoangiogenesis,
and matrix metalloproteinases.

Psoriasis was dogmatically considered a Th1-mediated
disease though increasing evidence suggested the centrality
of the IL-23/T17 axis as main pathogenic pathway.®"

Human genetic studies identified various upstream and
downstream genes related to IL23/T17 axis (Table 1) as
psoriasis susceptibility genes, while they failed to prove an
association with IL-12/T1-signature genes such as IL12A,
IL12RB2, and IFNy."

Experimental models of psoriasis helped to clarify the
pathogenic relevance of this pathway. Firstly, elevated
transcript levels of T17 pathway-related genes (IL-17A,
IL-17F, IL-23A, 1L-12/1L-23p40, IL-22) were found in mice
psoriasis-like lesions.'2 Further evidence derived from
imiquimod-induced psoriatic inflammation that was
suppressed in IL-23p19 or IL-17R- deficient mice.?
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Psoriasis genetic susceptibility linked to upstream and downstream genes related to IL-17 pathway

Gene Function

IL23A IL-23 subunit

IL12B IL-23 subunit

IL23R IL-23 receptor

TYK2 Tyrosine kinase involved in IL-23 signaling, belonging to JAKs protein family
TNFAIP3 Involved in NFkB signaling

NFKBIA Involved in NFkB signaling

TNIP1 Belonging to TNFAIP3 complex, it mediates NFkB signaling

TRAF3IP2 Regulating IL-17 responses through NF«B

DEFB4 Antimicrobial peptide whose expression is regulated by IL-17

Relevance in IL-17 pathway

Upstream gene
Upstream gene
Upstream gene
Upstream gene
Up/downstream gene
Up/downstream gene
Up/downstream gene
Downstream gene
Downstream gene

JAKs: Janus kinases; NFkB: nuclear factor kappa-light-chain-enhancer of activated B cells.

Macrophages
TNF-a
iNOS 9 IL-20
IFN-. -
> NF-o
@' TIP-DCs
Plasmacytoid DCs
IL-6 IFN-y
IL-13 TNF-a
TNF-a

»

Keratinocytes
NKT cells

: Y v LCN2
» » ccL20
IL-23 IL-17A CXCLE

S100A7

S100A7A
‘ S100A8
S100A9

~ S100A12

T 17 cells e % y o

y = o
L
IL.-21 Keratinocytes CXCL6
CXCL8
DEFB4
IL-1F9
IL-1p

The IL-23/T17 axis in psoriasis. IL-23/T17 axis - related mediators are overexpressed in lesional psoriatic skin. TNFa/
iNOS-producing dendritic cells, Tip-DCs, are activated by various cells and stimuli. They produce IL-20, TNFa, NO, and IL-23. IL-23
exerts its effects on T cells driving IL-17 and IL-22 expression. Keratinocytes are the key-responding cells to this pathway, expressing
psoriasis-signature genes such as DEFB4, S100A12, and S100A7 (psoriasin).

Mice injected with recombinant murine (rm)IL-23, and
not with rmlL-12, developed psoriasis phenotype including
dermal inflammatory infiltrate, epidermal hyperplasia, and
parakeratosis.?*

Moreover, both IL-17 and IL-22 have been demonstrated
essential in mediating IL-23 effects as IL-17 or IL-22
knockout mice did not develop epidermal acanthosis when
injected with IL-23.2°

Interestingly, administering anti-IL-17 antibodies prior to
the injection of recombinant murine (rm)IL-23 in wild-type
(WT) mice, epidermal hyperplasia was inhibited.? Conversely
to IL-22, which is known to have a direct proliferative effect on
keratinocytes, IL-17 has not been demonstrated to stimulate in
vitro keratinocyte proliferation, but, most likely, it indirectly
contributes to promote in vivo epidermal hyperplasia.

Similar to mice psoriatic skin, elevated levels of IL-17A,
IL-17F, IL-22, IL-23 were detected in human lesional
skin.?>28 Notably, IL-23 expression, and therefore the
expression of both p40 and p19 subunits, was increased
in lesional psoriatic skin compared to uninvolved skin,
whereas the expression of IL-12p35 subunit did not result
upregulated, likely suggesting a T17 differentiation
skewing in psoriasis.?*?%3° Furthermore, circulating levels
of T17-signature cytokines were higher in psoriatic patients
compared to healthy subjects and they correlated with the
severity of disease.3"

IL-17-downstream genes were also found upregulated in
psoriatic lesional skin, in particular, keratinocyte-derived
products such as CCL20, CXCL8, DEFB (defensin-8) 4 S100A7,
LCN2, which are considered disease-defining genes (Fig. 1).
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Therapeutic agents targeting IL-17 signaling, which are currently under development in clinical trials
Agent Target Structure Disease Development Manufacturer
Brodalumab IL-17R Fully humanized monoclonal Plaque-type psoriasis/ 1} Amgen
I1gG2 antibody psoriatic arthritis
Ixekizumab IL-17A Fully humanized monoclonal Plaque-type psoriasis/ 1} Eli Lilly
IgG4 antibody psoriatic arthritis
Secukinumab IL-17A Fully humanized Plaque-type psoriasis/ Register /Il Novartis
monoclonal IgG1k antibody psoriatic arthritis
RG4934 IL-17A Fully humanized Psoriatic arthritis | Roche
monoclonal antibody
NI-1401 IL-17A/ Fully humanized N/A I Novimmune/
(RG7624) IL-17F monoclonal IgG1 antibody Genentech/
Roche
ABT-122 IL-17A/ Fully humanized Rheumatoid arthritis | AbbVie
TNFa monoclonal antibody
SCH 900117 IL-17A Fully humanized Rheumatoid arthritis | Merck

monoclonal antibody

N/A: not available.

IL-17 directly or indirectly mediates multiple steps of the
pathogenic cascade, and drives key-inflammatory circuits
acting in synergism with TNFa.3* For instance, IL-17-
exposed keratinocytes secrete CCL20, which recruits CCR
(CC chemokine receptors) 6+ cells, myeloid DCs and Th17
cells, to psoriatic lesions and, thereby, create reverberating
pathogenic loops.3** Moreover, IL-17 induces keratinocyte
secretion of AMPs such as $100 proteins, p-defensins, that
also show pro-inflammatory properties, attracting immune
cells at the lesional site. IL-17 stimulates neutrophil
migration inducing keratinocytes expression of neutrophil
chemoattractans, namely CXCL-1, CXCL-3, CXCL-5, CXCL-6,
CXCL-8, all binding CXCR-2 receptor, and it also seems to
be responsible of neutrophil survival.’*3¢ Furthermore, it
synergizes with IL-22 enhancing the expression of psoriasis
transcriptome-related genes, in particular AMPs and
neutrophil-recruiting chemokines.”

Additional evidence of a central role of IL-23/T17 axis
derived from mechanistic studies correlating the efficacy
of antipsoriatic therapies such as cyclosporine and photo-
therapy, to the T17 pathway-suppression.3®%* Of relevance,
even the effectiveness of a TNFa-neutralizing agent, etan-
ercept, proved to be linked to the suppression of T17 path-
way. In fact, the blockade of TNFa may interfere with the
T17 pathway firstly because TNFa stimulates Tip-DCs in
producing IL-23, and additionally due to its synergism with
IL-17 in mediating key-inflammatory circuits.“

Regarding psoriatic arthritis (PsA), monocyte-derived
TNFa is considered the main immunological mediator,
though a deeper understanding of the pathogenic circuits
has recently revealed the involvement of novel key
cytokines and T cells subsets to be targeted.*' In particular,
recent studies have been focused on the emerging role of
Th17 cells and their derived cytokine, IL-17. Experimental
models of autoimmune arthritis (CIA) showed a critical role
of the IL-23/IL-17 axis as IL-23 (and not IL-12) deficiency
was protective against the development of CIA.“? Of note,
IL-17 knockout mice developed less severe arthritis,
likely because IL-17 contributes to: a) osteclastogenesis;

b) destruction of the extracellular matrix; ¢) chondrocyte
damage, and d) bone resorption, inducing the expression
of receptor activator of NFxB ligand (RANKL) and iNOS.4-#
IL-17 also acts in combination with other proinflammatory
cytokines regulating cartilage degradation, osteoblasts and
chondrocytes activity, and thus, mediating both synovial
inflammation and joint destruction.*-*° Together with IL-17,
IL-23 also seems to be essential in the instauration of
enthesitis inducing IL-17 and IL-22 production that, in turn,
promote signal transducer and activator of transcription 3
(STAT3)-dependent osteoblast-mediated bone remodeling.

IL-17 is a proinflammatory cytokine belonging to the IL-17
cytokine family that consists in 6 members, progressively
named IL-17A up to IL-17F.% It is mainly produced by Th17
and Tc17 cells but also mast cells, neutrophils and y/& T
cells contribute to the high levels of expression in lesional
psoriatic skin®"%3. IL-17 sequence shows strong similarities
with IL-17F, sharing 58% of their sequence at the protein
level. The active form of IL-17 consists of either disulfide-
linked homodimers or IL-17/IL-17F heterodimers.>*%

IL-17A and IL-17F signal through the same receptor,
namely IL-17R, consisting of two subunits, IL-17RA and
IL-17RC. However, homodimeric IL-17 is biologically more
active than heterodimeric IL-17/IL-17F or homodimeric
IL-17F in inducing gene expression.>’

A new class of biologic agents targeting IL-17 signaling is
now in the pipeline for the treatment of psoriasis, including:
ixekizumab, brodalumab, and secukinumab. Secukinumab
and ixekizumab neutralize IL-17, while brodalumab is an
IL-17-receptor antagonist. Ixekizumab and brodalumab
have successfully concluded Phase Il trials and are presently
tested in Phase Ill clinical studies. Secukinumab has recently
published results in Phase Il studies.>
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Clinical outcomes of 12-week, dose-ranging, Phase Il trial testing brodalumab®®

Study Dose

Brodalumab dose-ranging

Phase I trial
Brodalumab 6 x 70 mg
Brodalumab 6 x 140 mg
Brodalumab 6 x 210 mg
Brodalumab 3 x 280 mg
Placebo x 6

As reported in Table 2, the above mentioned therapeutics
are in a more advanced status of development compared
to other anti-IL-17 agents, which are undergoing initial
investigational studies.

Brodalumab (AMG827, Amgen) is a human monoclonal
antibody (mAb) blocking IL-17-receptor, and thereby
inhibiting the response to IL-17A, IL-17F, and IL-17A/F
heterodimer. The ability of brodalumab in treating
psoriasis was initially showed by a proof-of-concept
study.% In this study brodalumab treatment, administered
in 10 patients, induced clinical, histological, and
genomic improvement after only one week of therapy.%
These outcomes have been confirmed by a recently
published Phase II, double-blind, placebo-controlled,
dose-ranging study.’® Overall, 198 patients randomly
received subcutaneous brodalumab at the dosage of 280
mg monthly, or 70 mg, 140 mg, 210 mg, or placebo at
week 0, 1, 2, 4, 6, 8, and 10.

After 12 weeks of treatment the mean percentage
improvement in term of PASI score was 45, 85.9, 86.3, 76,
and 16% in patients treated with 280 mg, 210 mg, 140 mg,
70 mg brodalumab or placebo, respectively (< .001 for all
comparisons vs. placebo).%

The percentage of patients achieving PASI75 after 12 weeks
was 77% and 82% in the 140 mg and 210 mg group, respectively
(0% in the placebo group). While PASI90 improvement
was experienced by 72% and 75% of patients treated with
brodalumab at 140 mg and 210 mg dose, respectively, and
the same dosages induced a complete remission in 38% and
62% of patients (Table 3). Decrease of the mean PASI score
correlated with a significant amelioration of body surface
area (BSA), static physicians’ global assessment (sPGA), and
dermatology life quality index (DLQI).5®

Regarding the safety profile, three serious adverse events
were reported: one within the placebo group (ectopic
pregnancy), one in the 70 mg brodalumab group (renal
colic) and one occurred in the 210 mg brodalumab group
(grade 3 asymptomatic neutropenia). Mild adverse events,
more frequently observed within the 210 mg or 280 mg
groups, included nasopharyngitis, upper respiratory tract
infection and injection-site erythema.>®

Though anti-brodalumab antibodies were detected, they
were not neutralizing.®

Primary endpoint

Secondary endpoint at week 12

PASI 75 at week 12 PASI 90 PASI 100 sPGA 0-1
(% patients) score
33 18 10 26

77 72 38 85

82 75 62 80

67 57 29 69

0.0 0.0 0.0 33

Brodalumab is advancing through three Phase Il clinical
trials for plaque-type psoriasis and it will be investigated
in Phase Il studies for psoriatic arthritis. Among them, two
head-to-head studies (AMAGINE-2/3 studies) comparing
brodalumab with ustekinumab (anti-IL-23/1L-12p40 agent)
are being performed.> Interestingly another Phase Il trial
(AMAGINE-1 study) is investigating brodalumab safety
and efficacy using an intermittent administration scheme
(withdrawal-retreatment) with 140 mg or 210 mg doses.
Notably, a Phase | study is evaluating pharmacokinetic
of a single brodalumab dose and brodalumab effect on
midazolam pharmacokinetic in subjects with moderate to
severe plaque psoriasis.*

Ixekizumab (LY2439821, Eli Lilly) is a subcutaneously-
administered fully humanized 1gG4 mAb neutralizing IL-17A.

A Phase |, randomized, double-blind, placebo-controlled,
dose-escalation, study assessed clinical, histological, and
genomic response to ixekizumab in 40 patients affected
by plaque-type psoriasis. Patients received placebo or
subcutaneous doses of ixekizumab ranging from 5 to 150
mg, at week 0, 2, and 4. Histological evaluation of lesional
psoriatic skin after 2 and 6 weeks of treatment showed a
marked reduction of both inflammatory cell clusters (CD3+,
CD11+, or CD-LAMP+ cells) and epidermal hyperplasia,
compared with baseline.”” This inhibitory effect on
keratinocyte proliferation was rapid and unexpected,
suggesting a potential IL-17 role in regulating keratinocyte
cell cycle, most likely, through mitogenic cytokines (i.e.
IL-19). The amelioration in term of inflammatory infiltrates
was associated with the suppression of AMPs expression and
downregulation of multiple inflammatory markers, including
IL-17-downstream and upstream genes, alike unrelated
genes such as IFNy, whose expression is not recognized to
be IL-17-dependent.’ Notably, ixekizumab determined a
faster and broader gene expression modulation compared
to etanercept (an anti-TNFo agent) therapy, after only
2-week treatment, with a normalization by at least 75%,
observed in 60% of the psoriasis transcriptome vs. 10%
induced by etanercept."”

The results of this mechanistic study paved the way for
designing Phase Il trials.

Arandomized, double-blinded, placebo-controlled, Phase Il
study assessed ixekizumab safety and efficacy in 142 subjects
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Clinical outcomes of 12-week, dose-ranging, Phase Il trial testing ixekizumab®

Study Dose

Ixekizumab dose-ranging

Phase Il trial
Ixekizumab 5 x 10 mg
Ixekizumab 5 x 25 mg
Ixekizumab 5 x 75 mg
Ixekizumab 5 x 150 mg
Placebo x 5

affected by moderate-to-severe plaque-type psoriasis.®°
Patients were randomly distributed in five groups receiving
150 mg, 75 mg, 25 mg, 10 mg ixekizumab or placebo at week
0, 2, 4, 8, and 16. The primary endpoint was represented
by the reduction in Psoriasis Area Severity Index (PASI) of at
least 75% (PASI75) after 12 weeks of treatment. PASI75 was
achieved by 82.1%, 82.8%, 76.7%, 29%, and 7.7% of patients
treated with 150 mg, 75 mg, 25 mg, 10 mg ixekizumab doses
compared with placebo (P < .001 for each comparison) with
the exception of the lowest dose (Table 4).%° As shown in
Table 4, response rates in term of PASI90 were statistically
significant for 150 mg (71.4%), 75 mg (58.6%), and 25 mg
(50.0%) versus 0% of the placebo group (P < .001 for each
comparison). A complete clearance of psoriasis (PASI100) was
observed in 39.3% and 37.9% of patients treated respectively
with 150 mg and 75 mg of ixekizumab, compared to placebo
group (0%; P < .001 for both comparisons).®® Satisfactory
response was also observed for those hard-to-treat psoriasis
localizations such as scalp and nails, measured by Psoriasis
Scalp Severity Index (PSSI), and Nail Psoriasis Severity Index
(NAPSI), respectively. In patients affected by psoriatic
arthritis, ixekizumab significantly reduced joint-pain VAS
score after 12-week treatment maintaining this improvement
through 20 weeks.°

During the study-period there were not reported seri-
ous adverse events across treatment groups while the
occurrence of mild-to-moderate adverse events such as
nasopharyngitis, upper respiratory tract infection, injec-
tion site reaction, and headache was similar throughout all
study groups. However, a few patients interrupted the study
because of hypertriglyceridaemia (placebo group), periph-
eral oedema (10 mg ixekizumab), hypersensitivity (10 mg
ixekizumab) and urticaria (25 mg ixekizumab). Ixekizumab
immunogenicity was not assessed.®

Overall, five Phase Il studies which are currently ongoing,
include a head-to-head trial with etanercept (UNCOVER-3
study), and a regimen-finding study using 80 mg ixekizumab
at varying intervals.®'

Ixekizumab is also being tested in patients affected by
psoriatic arthritis in comparison with adalimumab or pla-
cebo (SPIRIT-P1 study).®

Secukinumab (AIN457, Novartis) is a fully humanized IgG1k
neutralizing IL-17A. It has been tested as intravenous or

Primary endpoint

Secondary endpoint at week 12

PASI 75 at week 12 PASI 90 PASI 100 sPGA 0-1
(% patients) score
29 18 0.0 25

76.7 50.0 17.0 70

82.8 58.6 37.9 72

82.1 71.4 39.3 71

7.7 0.0 0.0 8

subcutaneous agents although larger studies have been
performed using subcutaneous administration. In a proof-
of-concept study, 36 psoriatic patients received a single
intravenous dose of 3 mg Kg'secukinumab or placebo.¢?
Secukinumab efficacy was significantly higher compared
to placebo (58% vs. 4% as mean PASI reduction; P = .0001)
and rapid as evaluated by Investigator Global Assessment
(IGA) (83% of patients vs. 11% as reduction in IGA score
category) at week 4. Benefits of secukinumab therapy last-
ed throughout the study period, until week 12.% Clinical
improvement reflected a decreased epidermal acanthosis,
with reduced infiltrates IL-17+ and CD3+ cells, and nor-
malized expression levels of both proliferation markers
(K16) and inflammatory genes.® Specifically, secukinumab
downregulated Th17-related genes (IL-21, IL-22, IL-17F,
IL-8, DEFB4), Th1 pathway genes (IFNy, IL-12B), and other
immune-related genes (TNFa., IL-6, IL-1p, CCL20, IL-26).¢?
Another mechanistic study assessing skin histological and
biomarker responses after 12-month therapy is ongoing as
well as a Phase | pharmacokinetic study investigating the
distribution into dermal interstitial fluid after a single sub-
cutaneous administration of secukinumab in both healthy
subjects and psoriatic patients.®* The intravenous admin-
istration will be further tested in a Phase I, randomized,
double-blind, multicenter study comparing the intravenous
regimen of 10 mg Kg' with subcutaneous 300 mg dose in a
dose-escalation regimen, in case of partial response after
12-week treatment with secukinumab (subject who partici-
pated to CAIN457A2304).%3

In the subsequent Phase Il trials, subcutaneous adminis-
tration was mostly preferred to intravenous administration.

In a dose-ranging, double-blind, placebo-controlled,
parallel-group, 12-week, Phase Il study 125 subjects were
randomly treated with subcutaneous secukinumab as single
25 mg dose, or at the dosage of 25 mg, 75 mg, 150 mg,
or placebo as monthly administration (Table 5).%* Higher
dosages of secukinumab significantly improved psoriasis
as 81.5 and 57.1% of patients respectively treated with
150 and 75 mg ixekizumab, achieved PASI75, compared to
9.1% of placebo-treated patients (P < .001 and P = .002
respectively).® IGA assessment confirmed secukinumab
efficacy at higher dosages, reporting a response rate of
48.1% and 33.3% with 150 mg and 75 mg doses, respectively
(Table 5). Conversely to PASI75 evaluation, IGA score
improvement was significant only for the highest dose (150
mg) compared to placebo group (P = .0005).%
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Efficacy end points in FIXTURE

End point

Coprimary efficacy end points at week 12 - no./total no. (%)
PASI 75

Response of 0 or 1 on modified investigator’s global assessment

Key secondary efficacy end points - no./total no. (%)
PASI 90 at week 12
Maintenance of PASI 75 from week 12 to week 52

Maintenance of 0 or 1 response on modified investigator’s global

assessment from week 12 to week 52
Other efficacy end points
PASI 100 at week 12 - no./total no. (%)
DLQI - mean score
Baseline
Week 12
Absolute change

Regarding safety profile, secukinumab was proven over-
all safe though two cases of serious adverse events and two
cases of permanent withdrawal because of adverse events,
were reported. As common adverse events: worsening of
disease, nasopharyngitis, and upper respiratory tract infec-
tion occurred.®

The main outcome of this study was the identification
of 150 mg secukinumab as the optimal dose that could be
tested in further clinical studies, considering the achieved
primary (PASI75 rates) and secondary (IGA, PASI90, and
PASI50 rates) endpoints.

The 150 mg secukinumab dose was tested in a randomized,
double-blind, placebo-controlled, parallel-group, regimen-
finding, Phase Il study including 404 subjects.®® The study
design was characterized by three induction schemes and
two maintenance regimens. The induction schemes consisted
in: I. single dose (at week 0); Il. monthly (at weeks 0, 4, 8);
or lll. early (at weeks 0, 1, 2, 4). After 12-week induction
period, PASI75 responders were re-randomized to two
different maintenance therapeutic regimens (from week 12
to week 36) with secukinumab administered either at fixed
intervals (as continuous treatment with administration at
weeks 12 and 24) or as “withdrawn-retreatment” regimen
(interruption during disease-free periods and retreatment
at eventual disease-relapses).®® “Early” and “monthly”
regimens showed a superior efficacy compared to placebo in
terms of PASI75 (54.5 and 42.0% vs. 1.5%, respectively; with
P < .001 for both comparisons). The endpoint of PASI 90 was
achieved by 31.8% and 17.4% of patients, treated with early
and monthly regimen, respectively (1.5% by placebo group;
P < .001 for both comparisons).®> The maintenance period
with secukinumab administered at fixed intervals proved
more effective than treatment-at-relapse regimen, with
84.6% vs. 67.2% of patients achieving PASI75 at least
once from week 20 to week 28.%° Overall, secukinumab
administered at loading-dose scheme (induction) followed
by continuous, fix-interval treatment emerged as the
optimal therapeutic regimen using 150 mg secukinumab.

Regarding safety profile, worsening of disease,
nasopharyngitis and headache, were reported as the most
common adverse events.®

Secukinumab 300 mg Secukinumab 150 mg

249/323 (77.1)
202/323 (62.5)

219/327 (67.0)
167/327 (51.1)

175/323 (54.2)
210/249 (84.3)
161/202 (79.7)

137/327 (41.9)
180/219 (82.2)
113/167 (67.7)

78/323 (24.1) 47/327 (14.4)

13.3 13.4
2.9 3.7
-10.4 -9.7

In the clinical trial pipeline, there are other dose-
finding and regimen-defining studies (SCULPTURE and
CAIN457A2304E1 studies), mainly testing secukinumab at
the dose of 150 mg or 300 mg using different therapeutic
schemes as fixed-interval treatment vs. withdrawal-retreat-
ment (retreatment at start of relapse) and vs. placebo.®
Moreover long-term clinical trials are being conducted up
to 1 year (ERASURE study) and 2 years (extension study of
CAIN457A230-2/-3 studies) for the treatment of moderate-
to-severe plaque-type psoriasis.®

Very recently 2 Phase Il studies have being published.
ERASURE (Efficacy of Response and Safety of Two Fixed
Secukinumab Regimens in Psoriasis) and FIXTURE (Full Year
Investigative Examination of Secukinumab vs. Etanercept
Using Two Dosing Regimens to Determine Efficacy in Psoriasis)
were two randomized, double-blind, 52-week trials, Phase I
trials including 738 and 1306 patients respectively. Both
studies were conducted to assess the efficacy and safety of
secukinumab, at a dose of 300 mg or 150 mg, administered
as induction therapy (with assessment at week 12) and main-
tenance therapy (with assessment at week 52) in patients
with moderate-to-severe plaque psoriasis.

At week 12 in the ERASURE study, 81.6% of patients with
300 mg of secukinumab and 71.6% of patients with 150 mg
of secukinumab (4.5% of patients with placebo; P < 0.001
for all comparisons). At week 12 in the FIXTURE study, the
endpoint of PASI 75 was achieved by 77.1%, 67.0%, 44.0%
and 4.9% of the patients with 300 mg of secukinumab,
with 150 mg of secukinumab, with etanercept, and with
placebo, respectively (P < 0.001 for each secukinumab
dose vs. comparators). The proportion of patients with a
DLQI score of 0 or 1 at week 12 was significantly higher
in each secukinumab-dose group than in the etanercept
or placebo group (P < 0.001 for all comparisons). Although
both studies were not designed to differentiate efficacy
between the two secukinumab doses, the results suggest
that the 300-mg dose may have been more effective than
the 150-mg dose.

Regarding the response to secukinumab over the time,
the curves suggest that the rates of response on the PASI
increased during the period from week 12 to week 16
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and then stabilized after week 16. In the FIXTURE study,
the rates of response according to PASI 75, PASI 90, PASI
100 were higher with secukinumab than with etanercept
through week 52.

The incidences of adverse events during the induction
period and the entire treatment period in the FIXTURE study
were similar in the secukinumab and etanercept groups.>

In addition a few clinical trials are exclusively dedicated
to specific forms of psoriasis such as palmoplantar psoriasis
(GESTURE study) and nail psoriasis (TRANSFIGURE study).%?

Secukinumab was also tested as treatment for psoriatic
arthritis in a double-blind, placebo-controlled Phase IIA
clinical trials, safety and efficacy of secukinumab were
tested on 42 patients affected by psoriatic arthritis.
Secukinumab was administered 2 times with a 3-week
interval, at the dosage of 10 mg Kg.

The study design included as primary endpoint the
achievement of American College of Rheumatology 20 score
(ACR20) after 6 weeks of therapy.

ACR20 was obtained by 39% of patients vs. 23% of placebo-
treated patients (not statistically significant difference,
P = .27).% Secukinumab response was prolonged at week
12 (39%) and week 28 (43%) while, at the same timepoints,
placebo response decreased to 15% and 18%.% ACR20
correlated with a reduction of both median C-reactive protein
(CRP) serum levels and erythrocyte sedimentation rate.

Subsequently, other Phase Ill trials are currently investi-
gating long-term safety, efficacy, and tolerability of secuki-
numab in the treatment of psoriatic arthritis with study
period of 2 (FUTURE 1 study), 3, and 5 years.%

The epidemiological and clinical linkage between
psoriasis and its comorbidities implicates immune
mediators and circuits, which are commonly involved in
the pathogenesis of these disorders.? Moderate-to-severe
psoriasis represents a cardiovascular risk factor because
chronic, severe, skin inflammation might promote the
atherosclerotic process. According to the Fisman’s model,
pro-inflammatory cytokines, which are highly expressed in
psoriasis (IL-23, IL-17, TNFa, IFNy), may be considered pro-
atherogenic as they are also involved in the pathogenesis
of atherosclerosis.®’ Indeed, atherogenesis is characterized
by an immune process including macrophages, dendritic
cells, and T cells, and similarly to psoriasis, the pathogenic
mechanism is driven by both Th1 and Th17 pathways.
Specifically, Th1 cells are thought to be the initiators of
the atherogenic process while Th17 cells seem to promote
plaque instability.®® Th1 and Th17 cells were found
numerically increased in peripheral blood of patients with
acute coronary syndrome, associated with high levels
of both Th1 and Th17 cytokines. They act in synergism
although Th1 seem to be responsible for atherosclerotic
plaques initiation and inflammatory state perpetuation,
while Th17 seem to promote intraplaque neoangiogenesis
and haemorrage, favoring plaque rupture.%

However, evidence about the IL-17 role in atherosclerosis
is controversial as it has been also reported as stabilizing

factor in atherosclerotic plaque formation.® Increased
expression of IL-17 in the plaques with a stable fibrotic
phenotype compared to those having an unstable
phenotype.”

One would expect that the blockade of key-inflammatory
mediators should improve, or, at least, not worsen, the
atherosclerotic process. On the contrary, the use of a
class of biologics designed for the treatment of psoriasis,
the anti-IL-12/IL-23p40 agents, was correlated with the
non-statistically significant occurrence of Major Adverse
Cardiovascular Events (MACE), including non-fatalmyocardial
infarction, cerebrovascular accident, and cardiovascular
death. This potential issue about cardiovascular safety
appeared with both IL-12/IL-23p40 neutralizing agents,
ustekinumab and briakinumab, though analysis are not
consistent.”" Ustekinumab has been approved for the
treatment of plaque-type psoriasis, whereas briakinumab
passed Phase Il trials, and its development was interrupted
by the manufacturer in Phase IIl.

Comprehensively, integrated analyses about safety
profiles of anti-p40 agents showed controversial results
and the increased incidence of MACE was not powered by
statistical significance compared to placebo and to anti-
TNFo agents.”74

Regarding Il-17 blocking agents, preliminary safety data
based on published peer-reviewed journals did not report an
increased incidence of MACE, though the overall number of
patients treated with any IL-17 blocker is actually limited.
Further long-term safety studies and, especially, registry
studies, which might be considered a more appropriate
tool for safety evaluation, will help to evaluate safety of
anti-IL-17 agents. Furthermore, functional and mechanistic
studies will elucidate the IL-17 role in atherogenesis that is
not fully understood.

Although the exact role of the IL-17 in host defense against
infection remains to be defined, it likely drives the innate
immune response against bacterial, parasitic and fungal
infections. As previously mentioned, IL-17 stimulates the
production of antimicrobial peptides and the recruitment
and activation of neutrophils, thus, regulating the immune
response of surface epithelia. For instance, IL-17 or
IL-17R-knockout mice are more susceptible to Klebsiella
pneumoniae infection, showing an impaired neutrophil
response in the airways.””7’” Conversely, recombinant
adenovirus-induced IL-17 overexpression in mice lungs,
proved protective against K. pneumoniae, enhancing
bacterial clearance.” Moreover, IL-17R-deficient mice
did not show a vigorous and effective response against
Klebsiella pneumoniae with a markedly elevated mortality
compared to wild-type mice.””7®

IL-23/IL-17 axis has also a protective against Candida
albicans as IL-23p19 or IL-17R deficient mice showed
a reduced neutrophil recruitment and an increased
susceptibility to oropharyngeal candidiasis.” Similarly, wild-
type mice infected with Pneumocystis jiroveci displayed
a worsening of fungal infection after administration
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of neutralizing antibodies targeting either IL-23p19 or
IL-17.% Susceptibility to intracellular parasitic infection of
Toxoplasmosis gondii is observed in IL-17RA-deficient mice.®
Defensive role of IL-17 has been also reported against
various pathogens including Salmonella typhimurium and
Pneumocystis Carinii.®%8

Similarly, in human being with impaired IL-17 response
recurrent infections have been reported.®® Despite this
evidence in favor of a critical role of IL-17 signaling against
infections, human-phased trials did not show a significant
increased risk of infections in patients treated with IL-17
blockers.

However, the most recurrent adverse events reported
throughout Phase Il trials are nasopharyngitis, headache,
and diarrhea. Phase Il trial ERASURE showed during the
induction period higher proportions of patients with
infections and infestations in the secukinumab groups
(29.4% in the 300-mg group and 26.9% in the 150-mg group)
than in the placebo group (16.2%). And during the entire
treatment period rates of serious adverse events were
reported as following: 6.3 events per 100 patient-years in
the 300-mg secukinumab group; 6.4 events per 100 patient
years in the 150-mg secukinumab group; and 7.4 events per
100 patient-years in the placebo group.

On the other hand, in the FIXTURE study the incidences
of adverse events during the induction period and the
entire treatment period in the FIXTURE study were similar
between the secukinumab and etanercept groups. In this
same induction period, the proportions of patients who
suffered infections and infestations were 26.7%, 30.9%,
24.5%, and 19.3% with the 300-mg dose of secukinumab,
150-mg dose of secukinumab, etanercept and the placebo
group respectively. Infections by candida were more com-
mon with secukinumab than with etanercept during the
entire treatment period (22 patients in the 300-mg and
11 patients in the 150-mg secukinumab group and none of
them resulted in chronic mucocutaneous candidiasis).

The rates of serious adverse events in the FIXTURE
study were 6.8 events per 100 patient-years in the 300-mg
secukinumab group, 6.0 events per 100 patient-years in the
150-mg secukinumab group, 7.0 events per 100 patient-
years in the etanercept group, and 8.3 events per 100
patient-years in the placebo group.

During Phase Il studies there were reported cases of
neutropenia (grade | or Il), although none of them were
clinically significant as they were not associated with severe
infections. In Phase Il FIXTURE study, grade 3 neutropenia
occurred in 9 patients (1.0%) in the combined secukinumab
dose groups and in no patients in the etanercept group;
although no infections were reported in these patients.
No patients with grade 4 neutropenia was reported in the
secukinumab groups.

This reduction in absolute neutrophil count was also
observed during brodalumab trial.>®

Similarly, the most commonly reported adverse events
were nasopharyngitis (3-16% across brodalumab groups
vs. 8% in the placebo group), upper respiratory tract
infection (5%-12% across brodalumab groups vs. 8% in the
placebo group).®® As serious adverse events, two cases of
asymptomatic Grade lll neutropenia were reported, that
resolved when the study drug was withheld.>® Also the use

of ixekizumab was associated with no serious infections.
Nasopharyngitis (10%-14% across ixekizumab groups vs.
19% in the placebo group) and upper respiratory infection
(3%-10% across ixekizumab groups vs. 4% in the placebo
group) were the most commonly observed infectious
adverse events. Grade Il neutropenia was reported in two
patients.®°

Overall, safety profile for all anti-IL17 agents appears
favorable with no particular concerns. Indeed, an increased
rate of opportunistic infections (mucocutaneous candidiasis
and bacterial infections) would be expected as patients with
atopic dermatitis/hyper-IgE syndrome (HIES) suffering from
severe cutaneous and pulmonary Staphyloccocus aureus
infections and chronic mucocutaneous candidiasis, show
an impaired development of IL-17 (and IL-22) because of
heterozygous mutations in STAT3 sequence gene in T cells.
Moreover, chronic mucocandidiasis disease is determined
by complete deficiency of IL-17R gene.?%

Hopefully, the blockade of IL-17 signaling does not
lead to a harmful immunosuppression as observed in
these infectious disorders though the number of patients
tested in Phase Il trials is not elevated, and thus, further
larger clinical studies are necessary to evaluate the risk of
infections related to IL-17 blockade.

IL-17 function in cancer has been investigated though
its role remains unclear since long-term studies are not
available. Some studies reported a pro-tumoral role of IL-17,
which may support tumor growth, probably stimulating
angiogenesis.®® [L-17 increases tumorigenicity of human
cervical tumors in nude mice.® In humans, the polymorphism
within the IL-17 promoter significantly contributes to
increase gastric cancer risk.®® Chronic inflammation is
recognized as promoter for colorectal tumorigenesis and
IL-17, cooperatively acting with TNFa, likely stimulates
aerobic glycolysis and growth factor production in cultured
human colorectal cells.*

In contrast, other evidence suggested an anti-carcinogenic
role of IL-17 that may boost a T cell-mediated tumor
rejection.”%

The identification of new T cell subsets and the recognition
of various cytokines as pathogenic mediators revolutionized
the concept of antipsoriatic therapy.®® Crucial advances in
the understanding of the psoriasis pathogenic mechanisms
have been observed in the last three decades. Conspicuous
evidence addresses IL-17 as key-mediator in psoriasis and as
potential target for new therapeutics®. Though several anti-
IL-17 agents are being developed, brodalumab, ixekizumab,
and secukinumab have showed a more advanced stage of
development, as the first two agents, namely brodalumab
and ixekizumab, are being currently tested in Phase Il trials,
whereas secukinumab completed Phase lll trials heading the
registration/pre-marketing phase. The promising outcomes
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from Phase Il trials found an important confirmation with
the Phase Il clinical trials testing secukinumab on a larger
population. This evidence, together with the striking
efficacy demonstrated by secukinumab over an anti-TNFa
blocker, highlighted the winning strategy of blocking the
IL-17 signaling and its centrality in the pathogenesis of
psoriasis.
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