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Abstract: Over the last 20 years, the greatly improved knowledges of underlying patho-

genic mechanisms of AS, including the role of tumor necrosis factor (TNF), the interleukin

23/Th17 axis, and interleukin-17 (Il-17), constituted the rationale to develop biologics

selectively inhibiting these pathways. For more than 10 years, anti-TNF biologics were

successfully employed to treat AS, with marked improvement of signs and symptoms in

around 60% of the patients. Recent knowledge of the pathophysiology of spondyloarthritis

has highlighted the emerging role of the IL-17/IL-23 axis. New therapies with selective

biological drugs have emerged in the treatment of this pathology. In this review, we

evaluated the effects of ixekizumab, a new anti–IL-17A, that was licensed both by EMA

and FDA in August 2019 for the treatment of ankylosing spondylitis. The review highlights

the efficacy and safety data of the 3 randomized controlled trials (COAST V-COAST

W-COAST X) and those of the extension to 52 weeks of COAST V and COAST W.
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Introduction
Ankylosing spondylitis (AS) is a relatively common, chronic, immune-mediated,

inflammatory rheumatic disease which affects the axial skeleton leading, in more

severe cases, to complete spinal ankylosis (bamboo spine), with consequent marked

impairment of vertebral column physiological range of movement.1 AS occurrence is

strongly conditioned by the inheritance of HLA-B27, and several subtypes, including

B*2702, B*2703, B*2704, B*2705 and B*2710 were found to significantly increase

the risk.2 Currently, AS is included, together with non-radiographic axial spondy-

loarthritis (ax-SpA), in the axial-SpA group and it has been renamed as radiographic

ax-SpA.3 In the absence of validated diagnostic criteria, the 1984 modified New York

classification criteria for AS are employed for diagnostic purpose in clinical practice.4

This set of criteria requires as obligatory condition the presence of bilateral grade 2 or

unilateral grade 3 sacroiliitis, thus resulting in inadequate to capture patients with

early axial-SpA. Over the last 15 years, the use of magnetic resonance showing

periarticular bone edema has permitted to diagnose sacroiliitis in early phase of axial-

SpA, thus defining non-radiographic ax-SpA (nr-ax-SpA).5 Until the early 2000s, due

to the inefficacy of conventional synthetic disease-modifying antirheumatic drugs

(csDMARDs), AS was treated with non-steroidal anti–inflammatory drugs

(NSAIDs) and physical therapy, with good efficacy in terms of relief of symptoms,
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but unsatisfactory results regarding the disease progression,

and the long-term tolerability.6–8 Over the last 20 years, the

greatly improved knowledges of underlying pathogenic

mechanisms of AS, including the role of tumor necrosis

factor (TNF), the interleukin 23/Th17 axis, and interleukin-

17 (Il-17), constituted the rationale to develop biologics

selectively inhibiting these pathways.9 For more than

10 years, anti-TNF biologics were successfully employed

to treat AS, with marked improvement of signs and symp-

toms in around 60% of the patients.10 Moreover, these

biologics were demonstrated to inhibit the radiographic

progression of AS when employed in early phase of the

disease.11 However, the safety profile anti-TNFs, character-

ized by increased risk of infection and latent tuberculosis

reactivation,12,13 represented an important concern.

Recently, the pivotal pathogenic role of IL-17 in AS was

demonstrated,14 and, randomized controlled trials (RCTs)

evidenced the efficacy and safety of secukinumab, an anti–

IL-17 targeted monoclonal antibody.15 In two recent RCTs,

ixekizumab, an anti–IL-17a monoclonal antibody, resulted

highly efficacious and safe for the treatment of AS.16 The

present review was focused on the pharmacological char-

acteristics of ixekizumab, the peculiarity of its mechanism

of action, the efficacy and safety, and its place in therapy

of AS.

Methods
The literature on the existing evidence on the efficacy and

safety of anti–IL-17 ixekizumab in AS was analysed. The

literature review was made using PubMed, Scopus and

EMBASE databases to identify English-language articles

related to the previously mentioned topic. The research

was performed by crossing the following key terms: anky-

losing spondylitis, ixekizumab, mechanism of action,

pharmacology, anti–IL-17, efficacy, safety, discontinua-

tion, survival, adverse events, infections, tuberculosis,

opportunistic infections, adverse events (AE), serious

adverse events (SAE). Due to the few available studies,

the manuscript was structured as narrative review. The

literature review was extended to December 15, 2019.

The Pathogenesis of Ankylosing
Spondylitis and the Role of IL-17
AS manifestations should account for a common pathoge-

netic pattern, maybe lying on a common predisposing

genetic and immunologic field. Rising from an old epide-

miologic observation, the correlation with HLA-B27

expression and AS development is well known, and it

has been deeply investigated to understand its molecular

basis. Two theories are mainly available about HLA-B27

way of inducing AS: firstly, the “arthritogenic peptide

theory”, assuming that the presentation of pathogen pep-

tides by HLA-B27 or self-mimicking HLA-B27-binding

peptides from bacteria could induce an immune reaction

leading to AS.17 This could explain why most forms of

reactive arthritis develop in HLA-B27+ patients, and it

gives AS a hint of autoimmunity. Secondly, the “unfolded

protein response” hypothesis states that HLA-B27 has

a defect in the protein folding process and tends to be

stored in the endoplasmic reticulum, determining cellular

damage, activation of NFKB pathway and cytokines

releasing, mainly IL-23. Here, AS is mostly seen as an

autoinflammatory disease. IL-23 trigs Th17 response, driv-

ing to IL-17 expression, frequently observed in AS. The

two hypotheses around HLA-B27 established a link

between the classical pure genetic predisposing field and

the more recently discovered immunologic milieu charac-

terizing AS. Moreover, going back again from cytokines to

genes, a large number of SNPs and other genetic marks

regarding IL-12/23 and IL-17 related signaling pathways

have been lately found in patients suffering from AS.18

Furthermore, some authors suggested that HLA-B27 in

spondylarthritis may act on cells containing killer

cell immunoglobulin-like receptor 3DL2 (KIR3DL2).

KIR3DL2 is a NK cell receptor for HLA-B27 homodimer

(that is HLA-B27 heavy chain not associated with

β2-microglobulin, a unique structural conformation of

this specific HLA haplotype) and it is highly expressed

on NK cells and CD4 T cells in patients with spondylar-

thritis and enthesitis-related arthritis. The binding of HLA-

B27 homodimers to KIR3DL2-positive cells can stimulate

IL-17 production.19 IL-17’s family includes various iso-

forms, from A to F, produced by different cells; they bind

to five receptor subtypes (IL-17RA to IL-17RE). The most

studied isoform is IL-17A, whose production depends on

TH-17, CD8+T cells, ILC3 and γδ T cells, involving both

innate and adaptative immune systems. Its main role is to

protect against parasite infections, thus justifying the pre-

dominant presence of IL-17 producing cells in the mucosal

barriers like skin and gut. IL-17 acts principally during the

effector phase of an inflammatory response, enhancing

T cell priming and stimulating the production of proin-

flammatory mediators (as IL-1, IL-6, TNF-a and chemo-

kines) in fibroblasts, endothelial cells, macrophages and

epithelial cells. As previously stated, IL-17 production is
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in turn stimulated from IL-23, a member of the IL-12

cytokine family produced mainly by activated myeloid

cells, endothelial and epithelial cells. While IL-12 has

been shown to have a dominant role in the development

of Th1 cells, IL-23 seems to stimulate Th17 cell.

Physiologically, IL-17 secretion is crucial in cutaneous

and mucosal defenses against various microbiologic agents

as in the constitution of a normal mucosal immunity, able

to be tolerant against resident microbiota. But IL-17

effects are claimed to be involved in human diseases,

such as in psoriasis, multiple sclerosis, IBD and SA itself.

In fact, at bone level, IL-17A can activate osteoclasts by

interacting with RANKL, determining bone erosions,

osteopenia and osteoporosis, typically seen in AS patients.

IL-17 also exerts direct effects on osteoclasts, upregulating

the expression of RANK on their surfaces.20 Additionally,

IL-17 has pro-inflammatory actions on bone cells, indu-

cing the production of TNF, IL-1 and IL-6 by stromal cells

and macrophages which in turn promote osteoclastogen-

esis. Furthermore, IL-17A can stimulate osteoblasts differ-

entiation from human mesenchymal stem cells21 acting on

JAK2/STAT3 system with an increase of bone production

and osteophytes formation. In fact, IL-17A is thought to be

also involved in bone-repairing process after fractures.22

Anyway, other data support an inhibitory role for IL-17A

on osteoblasts,23 thus leaving space for further investiga-

tions on this topic.24 Talking about SA extra-articular

manifestations, a role of IL-17 in uveitis pathogenesis is

quite probable; high levels of IL-17A have been found in

aqueous, vitreous and serum of patients with anterior

uveitis.25 Moreover, γδ T cells have been detected in the

ciliary body of SA mice models and the same finding was

made at the side of the cardiac valves. Some authors

suggest that IL-17 producing γδ T cells, typically resident

in a continually stimulated environment as the gut mucosa,

are recruited also in mechanically stressed tissues as

enthesis, cardiac valves and ciliary body and they can

contribute to trigger and maintain inflammation in predis-

posed subjects.26,27 Unfortunately, IL-17 blockers such as

secukinumab, that successfully resolves enthesitis, did not

show any effect in treating SA-related anterior uveitis,

reserving for TNFa inhibitors a major role for patients

suffering from this manifestation. This could lead to con-

siderations about the existence of different pathways

underlying these conditions. Of extreme interest is the

role of IL-17 in gut immune system and in IBD pathogen-

esis. ILC and γδ T are very important in the genesis of

bowel immune barrier and in the maintenance of tolerance

against gut microbiota.28 Alteration in this balance,

induced by pathogens or immune dysregulations maybe

due to environmental stressor in the presence of genetic

predispositions, leads to inflammatory processes that can

become chronic. IL-12/23 axis is known to be altered in

IBD as it is IL-17 expression. By the way, biologic therapy

targeting IL12/23 demonstrated efficacy in these diseases,

while RCT of IL-17 inhibitors failed to reach the endpoints

and, in some cases, leads to concerns about these drugs'

implications in IBD development. Even if the association

between gut and osteoarticular system is well known and it

is demonstrated by the existence of IBD-related spondy-

larthritis and by the high frequency of clinical or subclini-

cal bowel inflammation in AS patient, molecular basis of

this connection is yet unknown. An interesting observation

is the one from Gracey et al29 about mucosal-associated

invariant T (MAIT) cells. MAIT cells are innate-like lym-

phocytes found preferentially in the gut lamina propria,

but they can also be found in peripheral blood. They are

able to produce various inflammatory cytokines, with

a high expression of IL-17, and to stimulate TH17 differ-

entiation. The authors found a reduced number of MAIT

cells in peripheral blood samples of AS patients, with an

increased IL-17 producing MAIT cells in the same

patients’ synovial fluid. Similar findings have been

described by Ciccia et al about the presence of expanded

IL-17 producing ILC not only in the gut but also in bone

morrow and synovial fluid of patients affected by AS.30

Besides, both Gracey’s and Ciccia’s groups found out

a role for IL-7 in promoting IL-17 secretion. These evi-

dences could suggest a homing mechanism justifying the

migration of a pathologic process from the gut side to the

joints. Moreover, it can explain how a genetic alteration

inducing the immune responses against mucosal pathogens

can predispose to osteoarticular (and systemic) diseases.

Although the fascinating world of immune system is far

from being completely revealed, innovative, selective,

available therapies are a demonstration of the scientific

progress and an incentive to a never-ending study.

Licensed Anti-IL-17 Biologics for the
Treatment of AS
To date, two monoclonal antibody biologics targeted against

IL-17, secukinumab and ixekizumab have been licensed for

the treatment of AS. Secukinumab (Cosentyx®), at the dose

of 150 mg/sc/4 weeks, was firstly approved for the treatment

of AS by the European Medical Agency (EMA) in
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March 2015,31 and by Food and Drug Administration (FDA)

in January 2016.32 Secukinumab is a fully human monoclo-

nal antibody of IgG1/κ isotype, and exerts its pharmacologi-

cal action by binding to IL-17a with consequent inhibition of

interaction with the IL-17 receptor.33 The efficacy of secuki-

numab in AS at the dose of 150 mg/sc/was demonstrated in

5 RCTs of MEASURE program.15 Overall, the drug signifi-

cantly reduced the disease activity, improved the quality of

life, with slowing down of the structural damage both in

naïve and anti-TNF refractory AS patients.15 A few studies

from real-life clinical practice, on a limited number of

patients, confirmed the results of RCTs.15 Secukinumab

safety profile was satisfactory, with a slight increased risk

for infections,31 no increased risk of latent tuberculosis (TB)

reactivation.34 Due to the physiological protective role

exerted by IL-17 on mucosae,35 and on gut microbiome,36

a special attention was reserved to the risk of opportunistic

infections and increased occurrence of inflammatory bowel

diseases induced by IL-17 inhibition. As expected, an

increased occurrence of candidiasis was observed in secuki-

numab-exposed, but not requiring the drug withdrawal,37

while the risk of IBD development was low or absent.38

Ixekizumab (Taltz®), a monoclonal antibody directed against

interleukin 17A, was licensed both by EMA and FDA in

August 2019 for the treatment of ankylosing spondylitis.39,40

According to the objective of present review, the pharmacol-

ogy of ixekizumab, and its efficacy and safety in the treat-

ment of AS will be discussed in the following headings.

Pharmacological Features of
Ixekizumab
Mechanism of Action
Ixekizumab is an IgG4 monoclonal antibody that binds

with high affinity (<3 pM) and specificity to interleukin

17A (both IL-17A and IL-17A/F). IXE selectively binds to

IL-17A cytokine to inhibit interaction with IL-17 receptor

thus inhibiting the release of pro-inflammatory cytokines

and chemokines by target cells with downstream effects on

cellular elements. In vitro binding tests have confirmed

that Ixe does not bind to human Fcγ I, IIa and IIIa recep-

tors or to the complement component C1q.41

Pharmacodynamics after a single subcutaneous dose of

ixekizumab in patients with psoriasis, mean peak concen-

trations were reached within 4–7 days, within a dose range

of 5 to 160 mg. The mean (SD) of the maximum plasma

concentration (Cmax) of ixekizumab, after the initial dose

of 160 mg, was 19.9 (8.15) μg/mL. After the initial

160 mg dose, steady state was reached by week 8 at

a dose of 80 mg every 2 weeks (q2W). The mean (SD)

estimates for Cmax, ss, and C trough, ss are 21.5 (9.16)

μg/mL and 5.23 (3.19) μg/mL. After switching from the

80 mg dose every 2 weeks (q2W) to the 80 mg dose every

4 weeks (q4W) at week 12, the steady state would be

reached after about 10 weeks. The estimated mean (SD)

Cmax, ss and C trough, ss are 14.6 (6.04) μg/mL and 1.87

(1.30) μg/mL. Among the analyzes carried out, the average

bioavailability of ixekizumab after subcutaneous adminis-

tration was between 54% and 90%.41 From population

pharmacokinetic analyzes, the mean total distribution

volume at steady state was 7.11 L.

Elimination
IXE is likely broken down into small peptides and amino

acids through catabolic pathways. The mean systemic

clearance was 0.39 L/day. Clearance and volume of dis-

tribution increase as body weight increases. In the popula-

tion pharmacokinetic analysis (PK), the average serum

clearance was 0.0161 L/hour. Clearance is dose-

independent. The mean elimination half-life, as estimated

from the population pharmacokinetic analysis, is 13 days

in patients with plaque psoriasis.41

Effectiveness Data of IXE in
Ankylosing Spondylitis
Three RCTs of Patients with as Evidenced

the Efficacy of IXE (See Table 1)
COAST-V42 was a randomized, double-blind, active and

placebo-controlled Phase III study evaluating the safety and

efficacy of IXE in patients with active radiographic axSpA

who have not previously been treated with biological dis-

ease-modifying antirheumatic drugs (bDMARD). The

study included 341 patients who randomized into four dif-

ferent groups in a 1:1:1:1 manner. Patients had the follow-

ing characteristics: age over 18 years, established diagnosis

of axSpA and fulfillment of the SpondyloArthritis interna-

tional Society (ASAS) criteria for axSpA5 radiographic

(modified New York Criteria 4 sacroiliitis and characteristic

≥1 SpA), active disease defined by Bath Ankylosing

Spondylitis Disease Activity Index (BASDAI) ≥4 and

total numerical scale of back pain ≥4 and inadequate

response to at least 2 NSAIDs or intolerance to NSAID

therapy. 38% of the patients initially screened failed to

meet the modified New York criteria. Finally, 341 patients

were randomized to the following arms: 87 placebo
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patients, 90 patients with 40 mg adalimumab (ADA) as an

active comparator, 83 patients with 80 mg of IXE q2w and

81 patients with 80 mg of IXE q4w. Patients assigned to

IXE treatment regimens were randomly assigned (1:1) to

receive an initial dose of 80 or 160 mg IXE at week 0. The

percentages of completion of the 16-week blinded treatment

administration period were 86 out of 87 for placebo (99%),

88 out of 90 for ADA (98%), 79 out of 83 for IXE q2w

(95%) and 78 out of 81 for IXE q4w (96%). Nine patients

stopped the trial before week 16. The primary end point was

the ASAS40 response at week 16. The primary-secondary

endpoints were ASAS20, BASDAI 50 (≥50% improvement

in BASDAI score from baseline) and inactivity score of

ankylosing spondylitis disease (ASDAS) (ASDAS <1.3)

Secondary endpoints included change from baseline at

week 16 in: ASDAS, bath ankylosing spondylitis functional

index (BASFI), spinal column MRI assessed with SPARCC

(SpA Research Consortium of Canada) score,43 summary of

physical components at 36 elements in short form (SF-36

PCS) and ASAS Health Index (ASAS-HI).44 The mean

baseline age, the percentage of men and women, the race

was similar in the 4 groups. Mean duration of axSpA

symptoms, mean duration from axSpA diagnosis, number

of patients using NSAIDs at baseline and mean disease

scores (ASDAS, BASDAI, BASFI, ASAS-HI and SF-36

PCS) and baseline SPARCC MRI scores were comparable

across all groups. The primary end point, ASAS40 response

at week 16, was achieved by a larger number of patients

treated with IXE q2W (43 out of 83 [52%], p <0.0001) and

IXE q4W (39 out of 81 [48%], p <0.0001) compared to

those who received placebo (16 of 87 [18%]). The percen-

tage of patients who achieved the ASAS20 response at

week 16 was higher with IXE q2W (57 of 83 [69%],

p = 0.0002) and IXE q4W (52 of 81 [64%], p = 0.0015)

compared placebo (35 of 87 [40%]). The ADA group also

showed significant improvements over placebo for

ASAS40 (32 out of 90 [36%], p = 0.0053) and ASAS20

(53 out of 90 [59%], p = 0.0075) at week 16. Significant

improvements in IXE groups were noted as early as 1 week

after treatment. BASDAI 50 response was achieved by

patients who received IXE q2w 43% (p <0.0001) and IXE

q4W 42% (p <0.0001) compared to those who received

17% placebo. Inactive ASDAS disease (<1.3) at 16 weeks

was achieved by patients who received IXE q2W 11%

(p <0.01) and IXE q4W 16% (p <0.01) compared to those

who received placebo 2% Patients who received one of the

two IXE regimens showed significantly greater improve-

ments at week 16 in the SPARCC spine scores compared to

placebo. Patients treated with IXE q2w had a variation of

−9.6 compared to baseline SPARCC score (p <0.001) and

Table 1 Percentage of Achievement of the Primary End-Points in Three RCTs of IXE in AS

COAST V at 16 weeks

Patient N°341 Placebo 87 Pt ADA 40 mg Q2w 90 Pt IXE 80 mg

Q2w 83Pt

IXE 80 mg Q4w 81 Pt

ASAS40 18 36 52 48

ASAS20 40 59 69 44

BASDAI 50 17 32 43 42

ASDAS<1,3 2 16 11 16

COAST W at 16 weeks

Patient N°315 Placebo 104 Pt == IXE 80 mg

q2w 98 Pt

IXE 80 mg q4w 114 Pt

ASAS40 12,5 == 30,6 25,4

ASAS20 29,8 == 46,9 48,2

ASDAS <2,1 4,8 == 17,5 16,3

COAST X at 16–52 weeks

Patient N°303 Placebo105 Pt. == IXE 80 mg

q2w 96 Pt.

IXE 80 mg q4w 102 Pt.

ASAS 40 16 weeks 19 == 40 35

ASAS 40 52 weeks 13 == 31 30
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IXE q4w had a variation of −11.0 (p <0.001) while for those
who received placebo the variation was only −1.5. The
starting dose of 160 versus 80 mg at week 0 did not lead

to an improvement in the results observed at week 16.

Compared to placebo, patients who received one of the

two active regimens showed significantly greater improve-

ments for all other secondary endpoints such as ASDAS,

BASFI, SF −36 PC and ASAS-HI at week 16.42

COAST-W45 was a randomized, double-blind, placebo-

controlled phase III study to evaluate safety and efficacy in

patients with active radiographic axSpA with inadequate

response to one or two TNFi or intolerance to TNFi. The

study includes 315 patients who were randomized to three

different arms. The inclusion criteria were: age over 18

years, established diagnosis of axSpA and meet the ASAS

criteria for radiographic axSpA 44 (sacroiliitis using mod-

ified New York Criteria 4 and ≥1 SpA), active disease

defined by BASDAI ≥4 and numerical scale of total back

pain ≥4 and with previous inadequate response to one or

two TNFi after at least 12 weeks of therapy or intolerance

to TNFi. The exclusion criteria in COAST-W were total

ankylosis of the spine, the current or previous history of

the past 5 years of malignancy and the current or previous

history of the use of bDMARDs. Three hundred fifteen

patients were randomly assigned in the following arms:

104 patients on placebo, 98 patients at 80 mg IXE q2w and

114 patients at 80 mg IXE q4w. The completion rates were

as follows: 92 (89.4%) of 104 for the placebo, 90 (91.8%)

of 98 for IXE q2w and 99 (86.8%) of 114 for IXE q4w.

The primary end point was the percentage of achievement

and improvement of ASAS40 in disease activity at week

16. The secondary endpoints were ASAS20 and spondyli-

tis disease activity score (ASDAS <2.1). Other important

secondary endpoints included change from baseline to

week 16 in: ASDAS, BASFI, BASDAI, MRI of the

spine assessed with SPARCC score, PCS SF-36 and

ASAS-HI. SPARCC MRI spine and SI joint scores were

analyzed using covariance analysis based on the observed

case. The basic demographics and characteristics of the

disease were similar between the treatment groups.

Average duration of axSpA symptoms, average duration

since diagnosis of axSpA, number of patients with prior

baseline TNFi treatment and average disease scores

(ASDAS, BASDAI, BASFI, ASAS-HI, SF-36 PCS) and

SPARCC MRI scores at the baseline were comparable

across all groups. The primary end point, the ASAS40

response at week 16, was achieved by a larger number of

patients treated with IXE q2w (30 of 98 [30.6%],

p = 0.003) and IXE q4w (29 of 114 [25, 4%], p = 0.017)

compared to those who received placebo (13 out of 104

[12.5%]). The percentage of patients who achieved the

ASAS20 response at week 16 was higher with IXE q2w

(46 of 98 [46.9%], p <0.05) and IXE q4w (55 of 114

[48.2%], p < 0.001) compared to placebo (31 of 104

[29.8%]). Patients who received one of the two IXE regi-

mens showed significantly greater improvements at week

16 in the SPARCC spine scores compared to placebo.

Patients who received IXE q2w had a variation of −4.0}
1.5 compared to baseline SPARCC score (p <0.001) and

IXE q4w had a variation of −3.0} 1.4 (p <0, 01) while

those who received placebo the variation was +3.3} 1.4.

The initial dose of 160 compared to 80 mg at week 0 did

not lead to an improvement in efficacy observed at week

16. I patients who received one of the two active regimens

showed significantly greater improvements at week 16 for

all major secondary endpoints such as ASDAS, BASDAI,

BASFI, SF-36 PCS and ASAS-HI.45

In the extension of the two studies to 52 weeks, adults

with active r-axSpAwere randomized from 1:1:1:1 (n = 341)

to 80 mg of ixekizumab every 2 (IXE q2W) or 4 weeks (IXE

q4W), placebo (PBO) or 40 mg of adalimumab q2W (ADA)

in COAST-Vand 1:1: 1 (n = 316) at IXE q2W, IXE q4Wor

PBO in COAST-W. At week 16, patients treated with IXE

continued the assigned treatment; patients who received PBO

or ADA were re-randomized from 1:1 to IXE q2W or IXE

q4W (PBO/IXE, ADA/IXE) until week 52. In COAST-V,

Assessment of SpondyloArthritis international Society

40 (ASAS40) response rates (intent-to-treat population,

unanswered imputation) at weeks 16 and 52 were 48% and

53% (IXE q4W); 52% and 51% (IXE q2W); 36% and 51%

(ADA/IXE); 19% and 47% (PBO/IXE). The corresponding

ASAS40 response rates in COAST-W were 25% and 34%

(IXE q4W); 31% and 31% (IXE q2W); 14% and 39% (PBO/

IXE). Both IXE regimens supported improvements in dis-

ease activity, physical function, objective markers of inflam-

mation, QoL, overall health and function for up to 52 weeks.

Improvements in patient function at week 16 (change from

baseline in BASFI) were sustained for up to 52 weeks in

patients continuously treated with IXE, as well as improve-

ments in QoL measurements (change from baseline in SF-36

PCS) and health functioning (change from baseline to ASAS

HI). Week 16 improvements in spinal magnetic resonance

imaging and objective inflammation were sustained up to

52 weeks for SPARCC spine and sacroiliac joint scores

(assessed beyond week 16 in COAST-V only) and changes

from baseline in CRP.46
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COAST-X was a 52-week, randomized, double-blind,

placebo-controlled parallel group study. Eligible participants

were adults (aged ≥18 years) with active axial spondyloar-

thritis without defined radiographic sacroiliitis (non-

radiographic axial spondyloarthritis), objective signs of

inflammation (via magnetic resonance or C-reactive protein)

and an inadequate response or intolerance to non-steroidal

drugs anti–inflammatories (NSAIDs). Patients were ran-

domly assigned (1:1:1) to receive 80 mg of IXE subcuta-

neously every 4 weeks (q4W) or every 2 weeks (q2W) or

placebo. The primary endpoints were evaluation of the

response of SpondyloArthritis International Society-40

(ASAS40) (defined as a 40% improvement or more and an

absolute improvement from baseline of 2 units or more

[range 0–10] in at least three of the four domains [overall

patient, spinal pain, function and inflammation] without wor-

sening in the remaining domain) at weeks 16 and 52. 303

patients (105 on placebo, 96 at IXE q4W and 102 at IXE

q2W) were enrolled. Both primary endpoints were achieved:

ASAS40 at week 16 (IXE q4W: 34 [35%] on 96, p = 0.0094

vs placebo; IXE q2W: 41 [40%] on 102, p = 0.0016; placebo:

20 [19%] of 105) and ASAS40 at week 52 (IXE q4W: 29

[30%] of 96, p = 0.0045; IXE q2W: 32 [31%] of 102,

p = 0.0037; placebo: 14 [13%] of 105). Study results showed

that IXE was superior to placebo for improving signs and

symptoms in patients with non-radiographic axial spondy-

loarthritis at weeks 16 and 52.47

Safety of Ixekizumab in AS
Safety outcomes reported in IXE studies are summarized

in Table 2. Subcutaneous IXE 80 mg was generally well

tolerated in COAST-V42,46 e COAST-W43,46 studies for

Ax-SpA, and COAST-X.47 All kinds of adverse events

were evaluated: infections, injection site reactions, neutro-

penia, anterior uveitis, inflammatory bowel diseases, cere-

brocardiovascular events, depression, immunogenicity,

malignancies, deaths. In COAST-V42 the treatment-

emergent adverse events (TEAEs) were similar in all

groups (from 40% to 49%), and the most frequent were

nasopharyngitis and upper respiratory tract infections (in

more than 5% of patients in IXE groups). In COAST-W45

TEAEs were slightly more frequent in the IXE groups,

without differences in the q2W and q4W groups (60–64%)

with respect to placebo (49%). The events were usually

mild or moderate, and upper respiratory tract infections

and injection site reactions were most frequently observed.

Similar percentages of TEAEs resulted in COAST-X47

where the most common were nasopharyngitis (16% and

1% in IXE q2W and q4W, respectively) and injection site

reactions (25% and 19% in IXE q2W and q4W, respec-

tively). In COAST-V and COAST-W long-term extension

trials (LTE),46 TEAEs occurred in 61.1% and in 63.7% of

patients, respectively. Serious adverse events were rare

and similar in all groups of the 3 trials, as well as dis-

continuations. Looking to infections, no case of TB

occurred in all studies; one case of Herpes zoster in the

IXE q4W group of COAST-W43 study and two cases of

Herpes Zoster in the IXE q4W group in COAST-X47 were

recorded; although mucocutaneous Candida infections

have previously been described in clinical studies of IXE

in psoriasis and psoriatic arthritis,5,8,42 in these trials

Candida infection was extremely rare, with 2 cases of

candida (esophageal and genital) in COAST-W45 and 2

cases in COAST-V LTE46 and COAST-W LTE;46 no

Candida infections in COAST-V42 and COAST-X47

occurred. Very few serious infections occurred in the

IXE groups in COAST-V42 (1 gastroenteritis and 1 urinary

tract infection) and in IXE q4W group in COAST-W45

(1 peritonitis and 1 pharyngitis). All these patients contin-

ued the trials. In COAST-V-LTE46 1 cellulitis, 1 pneumo-

nia and 1 tonsillitis were reported; in COAST-W-LTE46

one gastroenteritis, one pneumonia and one sinusitis

occurred. Injection site reactions (ISR) are one of the

most frequent TEAEs in IXE treated groups in all trials,

but very often they are mild, decrease over time and rarely

led to discontinuations42,45-47 We know that IL-17A antag-

onism is involved in neutrophils trafficking and

granulopoiesis,48 so a decrease in neutrophils count with

IXE could be expected. However, during IXE therapy

neutropenia has been described in small percentages of

patients, usually grade 1 (1.5–2.0 x 109 cells/liters), rarely

grade 2 (1.0–1.5 x 109 cells/liters).42,45-47 There was only

one case of neutropenia grade 4 (<0.5 x 109 cells/liters) in

COAST-W in patients with acute promyelocytic leukemia

(PML), that occurred 4 weeks post baseline (this patient

had a genetic risk factor for PML).45 There have been

reports of new onset or exacerbations of inflammatory

bowel diseases (IBD) in patients treated with

secukinumab.11 In IXE studies there is the description of

some cases of IBD, both Crohn’s disease and ulcerative

colitis, but they are often mild or moderate, adjudicated

“probable”, rarely “definitive” and overall they are not

frequent in all the studies: COAST-V,42 COAST-W,45

COAST-V ETP,46 COAST-X.47 Even no IBD cases were

described in COAST-W ETP46 (Table 2). The incidence of

anterior uveitis during IXE treatment was described and,
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such as IBD, was something higher in patients affected by

Ax-SpA with prior inadequate response or intolerance of

1 or 2 TNF inhibitors (COAST-W45) than in bDMARD-

naive Ax-SpA patients (COAST-V42). It seems that some

comorbidities, like IBD and anterior uveitis, could be

associated with longer disease duration.49 In many cases,

patients had a pre-existing history of anterior uveitis and

were HLA B27+45 About malignancies, there was only

one case of acute promyelocytic leukemia (PML) few

weeks after IXE started in a patient with genetic predis-

position in COAST-W45 and a bladder cancer in COAST-

V LTE.46 About cerebrocardiovascular events, there was

one case of atrial fibrillation in IXE q2W group in

COAST-W,45 two cases of cerebrocardiovascular events

in COAST-V ETP46 and one major cardiovascular event

(acute myocardial infarction) in COAST-W ETP.46 There

was no death in all the trials. There are some reporting of

depression, but it is more frequent in the placebo groups

and in patients affected by pre-existing anxiety.45,47 Few

cases of psoriasis occurred in COAST-W45 (1 patient with

previous history) and in COAST-W ETP46 (4 patients).

About immunogenicity, antidrug antibodies (ADA) were

detected in less than 5% of patients of IXE groups, but

none neutralising in COAST-V42 and in less than 9% of

patients of IXE groups in COAST-W.45 In COAST-W45

they were considered neutralising in 1% of patients. In

most patients, they were at low titres. No association was

identified between treatment-emergent ADA positivity and

Table 2 Percentage of Adverse Events in the 3 RCTs

COAST V COAST W COAST X

ADA q2W

%

IXE q2W

%

IXE q4W

%

Placebo

%

IXE

q2W

%

IXE q4W

%

Placebo

%

IXE

q2W

%

IXE q4W

%

TEAE 49 43 42 49 60.2 64 57 77 66

Mild 31 34 27 17.3 23.5 29.8

Moderate 16 7 15 25 32.7 30.7

Severe 2 2 0 6.7 4.1 3.5 4 7 1

Discontinuation due to AE 1 4 0 1.9 3.1 8.8 2 1 1

SAEs 3 1 1 4.8 3.1 3.5 1 1 2

Death 0 0 0 0 1 0 0 0 0

Common TEAE

Nasopharyngitis 7 6 7 8 16 19

Upper respiratory tract

infection

2 5 9 2.9 4.1 7.9 4 6 4

AE of interest

Grade 3 or 4 neutropenia 1 0 0 0 0 0.9 1 0 0

Infections 21 20 20 9.6 23.5 29.8 29 42 40

Serious infections 1 1 1 0 0 1.8 0 0 1

Candida infections 1 0 0 0 2 0 1 0 0

Herpes zoster 0 0 0.9 1 0 2

Reactivated tuberculosis 0 0 0 0 0 0 0 0 0

ISR 8 13 4 1 8.2 2.6 7 25 19

Allergic reactions 4 4 4 1 6.1 2.6 4 3 4

Potential anaphylaxis 0 0 0 0 0 0 1 0 0

Hepatic 2 1 1 1.9 1 4.4 6 5 3

Cerebrocardiovascular events 0 0 1 1 1 0 0 1 0

Malignancies 0 0 0 0 0 0.9 0 0 0

Anterior uveitis 0 0 1 0 3.1 1.8 2 2 1

Crohn’s disease 0 1 0 0 0 1.7 0 0 1

Ulcerative colitis 0 0 0 0 0 0.8 1 0 0

Depression 1 0 0 4.8 2 0 0 4 0

Psoriasis 1 0 0 0 0 1

Abbreviations: TEAE, treatment emergent adverse events; AE, adverse events; SAE, serious adverse events; ISR, injection site reactions.
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ASAS response, ISRs or potential allergic/hypersensitivity

events.42,45,46 During the 52-week ETP of COAST-V and

COAST-W, the authors looked at the pooled exposure-

adjusted incidence rate per 100 patients years (EAIR).

Among IXE patients the EAIRs for serious infections

was 2.0. The pooled EAIRs for Candida infections, IBD

and grade 3–4 neutropenia were ≤1 event/100 patient-

years. EAIR for anterior uveitis is similar to the upper

limit of the range reported for patients treated with TNF-

inhibitors (2.6–3.5), remembering that COAST-W

included anti-TNF-experienced population.46

Which Features of IXECanGuide Its
Choice When Using an Anti-IL-17
The recent American College of Rheumatology guidelines

for the treatment of AS and nrx-axSpA indicate anti-TNFs

as first-line therapy in patients with no relief by taking

NSAIDs.50 Anti–Il-17 secukinumab and IXE are placed

as second choice in patients resistant or intolerant to anti-

TNFs. However, the nature itself of recommendations/

guidelines does not allow to indicate the more appropriate

therapeutic intervention for the single patient. In other

words, in current clinical practice clinicians should evaluate

the characteristics of biologics in terms of efficacy and

safety, and the patient-related variables driving the thera-

peutic choice. As previously underlined,51 some differences

exist among biologics in terms of efficacy on extra-articular

manifestations, including enthesitis, dactylitis, anterior

uveitis and inflammatory bowel diseases. The same is true

in terms of infection risk,51 and TB reactivation risk.34 Data

from 3 RCTs of IXE, enrolling a cumulative number of 959

patients with AS, demonstrated a good safety profile, with

a low increased risk of mild to moderate infections, and no

case of TB reactivation. These results seem to be related,

unlike TNFα, to the negligible role played by IL-17a in

systemic immunity,52 and TB granuloma integrity

maintenance.34 Regarding the persistence, which is directly

related to the efficacy and safety, the only information on

IXE are provided by the 52-week LTE studies of COAST-V

and COAST-W trials.46 In the first trial, 20 (5.9%) out of

341 patients discontinued the treatment. Notably, 12 (60%)

patients withdrew the consent to prosecute the trial, and

only 8 abandoned for adverse events or lack of efficacy. In

the second trial, 31 patients (9.8%) discontinued the treat-

ment, mostly for lack of efficacy (11 patients) or adverse

events (10 patients). The increased percentage of disconti-

nuations in COAST-W trial may be attributed, at least in

part, to the enrollment of patients who previously were

exposed to 1 or more anti-TNF. However, long-term studies

from real-life are required to better address the persistence

of IXE in the treatment o fax-SpA. Surprisingly, important

clinical features of ax-SpA such as enthesitis and dactylitis

were not assessed in IXE trials. In a recent report,53 these

clinical manifestations were observed in 33.4% and 9.8%

out of 407 patients from the CORRONA registry.

Comparable percentages resulted in a meta-analysis from

Europe.54 Nevertheless, based on the efficacy data on dac-

tylitis and enthesitis in patients with psoriatic arthritis,55 we

believe that a history of, or current enthesitis and dactylitis

occurrence may represent a relevant variable to drive the

choice toward IXE, instead of anti-TNFs. To conclude, in

view of the need for a personalized therapy, available data

support a relevant role for IXE as first-line therapy for

patients at high infection and TB risk, those with enthesitis

and dactylitis. On the contrary, the drug seems contraindi-

cated in patients with anterior uveitis and inflammatory

bowel diseases associated SpA.
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