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ABSTRACT

Introduction: We report a comprehensive
summary of the safety outcomes in adult
patients with moderate-to-severe psoriasis with
up to 5 years of exposure to ixekizumab.
Methods: Long-term safety of the IL-17A
antagonist ixekizumab was assessed from 17
randomized trials. Treatment-emergent adverse

events (TEAEs)-adjusted incidence rates (IRs) per
100 patient-years (PY) within 1-year time peri-
ods through 19 March 2021 were calculated for
all patients treated with at least one dose of
ixekizumab. Reported cases of major adverse
cerebro-cardiovascular events (MACE) and
inflammatory bowel disease (IBD) were
adjudicated.
Results: A total of 6892 adult patients with a
cumulative exposure of 18,025.7 PY were
included. The IRs per 100 PY for any TEAE and
serious adverse events (AEs) were 32.5 and 5.4.
IR of discontinuation because of AE was 2.9. A
total of 36 deaths were reported. IR of serious
infections was low (1.3). There were no con-
firmed cases of reactivation of tuberculosis (TB).
IR of Candida infections (IR 1.9) was low; most
cases of Candida were localized, and no systemic
cases were reported. IRs of injection site reac-
tions and allergic/hypersensitivity were 5.9 and
5.6, respectively. No confirmed cases of ana-
phylaxis were observed. IRs were low for
malignancies, depression, cytopenia, and MACE
(all B 1.2). IBD events were uncommon,
although a total of 31 patients (IR 0.2) had
confirmed IBD (ulcerative colitis, n = 18; Crohn
disease, n = 13). Across safety topics, IRs
decreased or remained constant over time.
Conclusions: The long-term safety profile for
ixekizumab is consistent with that previously
reported in patients with psoriasis. No new or
unexpected safety events were detected.
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Key Summary Points

The safety profile in 6892 (18,025.7 PY)
patients with moderate-to-severe psoriasis
with up to 5 years of ixekizumab exposure
is reported

The overall benefit–risk profile of
ixekizumab remained favorable through
5 years

Yearly IRs decreasing or remaining
constant across safety topics from the first
year of exposure

In patients with active moderate-to-severe
psoriasis, long-term safety data did not
show any new or unexpected safety events

INTRODUCTION

Owing to the chronic and recalcitrant nature of
psoriasis, a common chronic inflammatory dis-
ease, long-term pharmaceutical management is
required to maintain adequate disease control.
For patients with moderate-to-severe disease,
biologic therapies such as monotherapy or
combined therapy with other topical or sys-
temic medications are recommended because of
a high benefit–risk ratio [1]. Thus, there is a
need to monitor long-term safety of biologic
therapies.

Ixekizumab, a high-affinity monoclonal
antibody that selectively targets interleukin
(IL)-17A, is a biologic approved for the treat-
ment of moderate-to-severe plaque psoriasis,
psoriatic arthritis, ankylosing spondylitis, non-
radiographic axial spondyloarthritis, and pedi-
atric psoriasis [2–5]. The safety profile of
ixekizumab in patients with moderate-to-severe
plaque psoriasis has been published regularly
since its introduction in 2016 [6–9]. The most
recent integrated report from 13 clinical trials
with 17,331.1 PY exposure in 5898 patients

reported no new or unexpected safety issues
with the long-term treatment of moderate-to-
severe plaque psoriasis with ixekizumab [9].
Here, we establish the safety profile of up to
5 years of exposure to ixekizumab in a broader
group of patients with moderate-to-severe pla-
que psoriasis. This was done by qualitatively
evaluating incidence rates (IRs), outcomes, and
medical history of patients who experienced
selected adverse events (AEs).

METHODS

Patients and Study Design

Patient data were integrated from 17 controlled
clinical trials of ixekizumab in adult patients
with moderate-to-severe psoriasis (Supplemen-
tary Table 1). The three largest trials,
UNCOVER-1, UNCOVER-2, and UNCOVER-3,
contributed the most patients for this analysis
[10, 11]. Eligibility criteria have been previously
described [10, 11]. Briefly, these studies enrolled
adults (C 18 years old) with moderate-to-severe
plaque psoriasis defined by C 10% body surface
area involvement, Static Physician’s Global
Assessment of C 3, and Psoriasis Area Severity
Index (PASI) C 12 at baseline. Detailed study
designs have been published before [10, 11].
UNCOVER-1, UNCOVER-2, and UNCOVER-3
were multicenter, randomized, double-blinded,
placebo-controlled phase 3 trials; an etanercept
comparator group was included in the
UNCOVER-2 and UNCOVER-3 trials.

The protocols for all the studies included in
this analysis were approved by the institutional
review board or ethics committee at each par-
ticipating site. All studies were conducted in
accordance with the ethical principles of the
Declaration of Helsinki. All eligible patients
provided written informed consent before
undergoing study-related procedures.

Outcomes

AEs were classified according to the Medical
Dictionary for Regulatory Activities (MedDRA)
version 23.1. A treatment-emergent adverse
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event (TEAE) was one that first occurred or
worsened in severity after baseline or on or
before the last day of the treatment period.
Selected AEs of interest included infections,
serious infections, opportunistic infections
(OIs), latent tuberculosis (TB), candidiasis
infections, respiratory viral infections, injection
site reactions (ISRs), allergic reactions/hyper-
sensitivities, malignancies including non-
melanoma skin cancer (NMSC), malignancies
excluding NMSC, inflammatory bowel disease
(IBD) including Crohn’s disease, ulcerative col-
itis, IBD unclassified, depression, suicidal
behavior/self-injury, cytopenia, major adverse
cerebro-cardiovascular event (MACE), and
asthma. All potential and suspected cases of IBD
identified by MedDRA terms were adjudicated
in a blinded manner by an external committee
that comprised three independent experts in
IBD. Suspected IBD cases were assessed as to
whether the cases represented one of the fol-
lowing Registre Epidemiologique des Maladies
de l’Appareil Digestif (EPIMAD) criteria [12]:
‘‘definite,’’ ‘‘probable,’’ or ‘‘possible.’’ EPIMAD
criteria used for adjudication are shown in
Supplementary Material, Methods. Addition-
ally, the adjudicators could classify events as
‘‘not consistent with IBD,’’ or ‘‘lack of sufficient
documentation for confirmation of an event.’’
Only cases classified as ‘‘probable’’ and ‘‘defi-
nite’’ per external adjudication were considered
as confirmed. MACE events were adjudicated by
external adjudication. Depression was measured
using Quick Inventory of Depressive Symp-
tomatology-Self Report 16 items (QIDS-SR16)
and/or Colombia Suicide Scale Rating Scale (C-
SSRS). Opportunistic infections were reported
according to the consensus recommendations
for OIs and biologic therapies report published
by Winthrop and colleagues [13]. Latent TB
infection was identified by either latent TB
preferred term (PTs) or a positive result on
either the tuberculin test or Mycobacterium tu-
berculosis complex test. Patients who tested
positive for latent TB at screening could be
rescreened and enrolled after receiving at least
4 weeks of appropriate latent TB infection
therapy and having no evidence of hepatotox-
icity (alanine transaminase/aspartate transami-
nase remained at least two times the upper limit

of normal). ISRs (broad term) included the fol-
lowing PTs: ISR, injection site (IS) erythema,
pain, swelling, pruritus, hypersensitivity, bruis-
ing, rash, hematoma, induration, papule, urti-
caria, mass, warmth, discoloration,
inflammation, and edema.

Statistical Analysis

Safety analyses were based on all randomized
patients who received at least one dose of study
drug. Total exposure was calculated by sum-
marizing the duration of ixekizumab exposure
(in days) for all patients, divided by 365.25 and
expressed in total PY. All safety events were
reported by the number and percentage of
patients with AE and exposure-adjusted IRs
(95% CI). Incidence rates were calculated by
dividing total number of patients who experi-
enced the TEAE for each PT by the sum of all
patients’ time (in 100 years) of exposure during
the treatment period. The incidence rate confi-
dence intervals were determined from likeli-
hood ratio test of treatment effect from the
Poisson regression. The entire treatment period
was included in the analysis. The current anal-
ysis includes data from initiation of the studies
to 19 March 2021 cutoff. Statistical analyses
were performed using SAS software version 9.3
or higher (SAS Institute).

RESULTS

Demographic and Baseline Characteristics

Patients’ demographic and baseline character-
istics are provided in Table 1. The mean (SD) age
was 45.7 (± 13.2) years. Patients were predom-
inantly males (68.1%), and 81.5% of partici-
pants were white. The body mass index (BMI)
mean (SD) was 30.4 (± 7.3) kg/m2, and 12.7% of
patients were smokers at baseline. The duration
(SD) of psoriasis was 18.7 (± 12.2) years. The
proportion of patients who were naı̈ve to sys-
temic therapy was 35.9%; most patients expe-
rienced previous systemic therapy (64.1%),
which includes nonbiologics only (35.1% of
patients), biologics only (12.0% of patients),
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and both biologics and nonbiologics (17.0% of
patients).

Exposure

A total of 6892 adult patients with psoriasis
with up to 5 years’ cumulative exposure to
ixekizumab of 18,025.7 PY were included in this
safety analysis pooled from 17 clinical trials
(Table 2). The minimum exposure was 1 day,
and the maximum was 2236 days. The mean
exposure of this pooled population was
955.3 days with a median exposure of
478.5 days.

General Safety

Over the entire safety period, the proportion of
patients with at least one TEAE was 85.0% (IR of
32.5 per 100 PY) (Table 2). Most cases were mild
(26.1%, IR of 10.0 per 100 PY) to moderate
(43.9%, IR of 16.8 per 100PY); severe TEAEs

were reported by 15.0% of patients (IR of 5.7 per
100 PY). The most common TEAEs (defined as at
least 5.0%) were nasopharyngitis, upper respi-
ratory tract infection, IS reaction, arthralgia,
headache, back pain, hypertension, bronchitis,
diarrhea, sinusitis, and urinary tract infection. A
total of 969 patients presented SAEs (14.1%, IR
of 5.4 per 100 PY). A total of 862 patients
required hospitalizations (12.5%, IR of 4.8 per
100 PY), 49 patients had a life-threatening event
(0.7%, IR of 0.3 per 100 PY), 36 patients had a
fatal outcome (0.5%, IR of 0.2 per 100 PY), 10
patients had events that led to disability (0.1%,
IR of 0.1 per 100 PY), 9 patients had events
requiring intervention (0.1%, IR of 0.0 per 10
PY), and 140 patients reported SAEs due to other
reasons (2.0%, IR of 0.8 per 100 PY) (Table 2). A
total of 36 deaths were reported; causes of death
were cardiovascular (n = 20), unknown (n = 4,
including 1 unconfirmed death due to lung
cancer, 1 lost to follow-up, 2 fatality unknown
cause of death), neoplasm (n = 5), respiratory
(n = 1), and other cause of deaths (n = 6,
including, 1 IBD, 1 end-stage senile dementia, 1
cholelithiasis, 1 accidental death, 1 trauma, and
1 homicide). Overall, discontinuations from the
study due to AEs were reported by 7.5% of
patients (IR of 2.9 per 100 PY). The main causes
of discontinuation were latent TB (IR of 0.4 per
100 PY), maternal exposure during pregnancy
and pregnancy (IR of 0.4 per 100 PY; calculation
adjusted to women only), prostate cancer (IR of
0.1 per 100 PY; calculation adjusted to men
only), IS reaction (IR of 0.1 per 100 PY), psori-
atic arthropathy (IR of 0.1 per 100 PY), and
ulcerative colitis (IR of 0.1 per 100 PY).

TEAEs were more common during the first
year of ixekizumab exposure (IR of 88.9 per 100
PY) and decreased over time (63.2 per 100 PY
over the fifth year of exposure) (Fig. 1a). On the
basis of yearly exposure periods analysis, IRs for
SAEs and discontinuations were stable for each
of the 1-year periods (Fig. 1b,c).

Summary of Selected Adverse Events

Infections
Over the entire safety period, infections were
reported by 62.5% of patients (IR of 23.9 per 100

Table 1 Demographic and baseline characteristics

Characteristics Pooled PsO IXE
(N = 6892)

Age, years, mean (SD) 45.7 (13.2)

Male, n (%) 4696 (68.1)

White, n (%) 5612 (81.5)

BMI, kg/m2, mean (SD) 30.4 (7.3)

Tobacco use (current), n (%) 874 (12.7)

Duration of symptoms in years,

mean (SD)

18.7 (12.2)

Previous PsO systemic therapy, n (%)

Never used 2474 (35.9)

Nonbiologic 2418 (35.1)

Biologic 826 (12.0)

Biologic and nonbiologic 1174 (17.0)

Values presented as n (%) unless otherwise specified
BMI body mass index, IXE ixekizumab, N number of
patients in analysis population, n number of patients in
each category, PsO psoriasis, SD standard deviation
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Table 2 Summary of reported adverse events (incidence rates per 100 PY)

Pooled PsO IXE (N = 6892)

Total patient-years 18,025.7

Patient days of exposure (minimum–maximum) 1–2236

Mean exposure (patient days) 955.3

Median exposure 478.5

n (%) IR 95% CI

Patients with C 1 TEAEa 5857 (85.0) 32.5 31.7, 33.3

Mild 1799 (26.1) 10.0 9.5, 10.5

Moderate 3025 (43.9) 16.8 16.2, 17.4

Severe 1032 (15.0) 5.7 5.4, 6.1

Missing 1 (0.0) 0.0 0.0, 0.0

SAEb 969 (14.1) 5.4 5.0, 5.7

AE leading to discontinuation (including death) 519 (7.5) 2.9 2.6, 3.1

Death 36 (0.5) 0.2 0.1, 0.3

Most common TEAEsc

Nasopharyngitis 1592 (23.1) 8.8 8.4, 9.3

Upper respiratory tract infection 1114 (16.2) 6.2 5.8, 6.6

Injection site reaction 698 (10.1) 3.9 3.6, 4.2

Arthralgia 645 (9.4) 3.6 3.3, 3.9

Headache 541 (7.8) 3.0 2.8, 3.3

Back pain 447 (6.5) 2.5 2.3, 2.7

Hypertension 433 (6.3) 2.4 2.2, 2.6

Bronchitis 410 (5.9) 2.3 2.1, 2.5

Diarrhea 387 (5.6) 2.1 1.9, 2.4

Sinusitis 384 (5.6) 2.1 1.9, 2.4

Urinary tract infection 364 (5.3) 2.0 1.8, 2.2

AE adverse event, CI confidence interval, IR incidence rate, IXE ixekizumab, N number of patients in analysis population,
n number of patients in each category, PsO psoriasis, PY patient-year, SAE serious adverse event, TEAE treatment-emergent
adverse event
aPatients with multiple occurrences of the same event are counted under the highest severity
bAs the data collection for the clinical trial database does not specify when events become serious, the numbers shown may
represent more serious events than actually occurred during the treatment period
cDefined as TEAEs C 5.0%
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PY) (Table 3). Most cases of infection were mild
(IR of 10.0 per 100 PY) or moderate (12.5 per
100 PY) in severity; the IR of severe infections
was 1.4 per 100 PY. The most common types of
infections (defined by IR C 2.0 per 100 PY) were
nasopharyngitis, upper respiratory tract infec-
tions, bronchitis, sinusitis, and urinary tract
infection.

Overall, frequency of serious infections was
low (3.4%; IR of 1.3 per 100 PY) (Table 3). A
total of 231 patients presented with serious
infections (total of 327 events), of which most
resolved (n = 291; 89.0%), 12 patients recovered
with sequelae, 4 patients were recovering, 17
patients did not recover, 1 patient had a fatal
event (case of septic shock; later adjudicated as
cardiovascular death), and the outcome was
unknown for 2 patients at the time of the data
lock. Over the 5-year period observed, the IRs of
serious infections remained constant over time
(Fig. 2a).

Overall, OIs were reported by 4.6% of
patients (IR of 1.8 per 100 PY) (Table 3). OIs
were mostly oral candidiasis (2.1%; IR of 0.8 per
100 PY), localized herpes zoster (1.7%; IR of 0.7
per 100 PY), unspecified Candida infections
(0.5%; IR of 0.2 per 100 PY), and esophageal
candidiasis (0.2%; IR of 0.1 per 100 PY). Herpes
zoster infections were mostly nonserious (119/
120), with no disseminated events reported.

A total of 106 cases of latent TB (IR of 0.6 per
100 PY) were reported by annual TB testing

(Table 3). Positive TB test led to discontinuation
of the study drug for 67 patients. Among these,
one case was reported as TB by the investigator
(occurred in a patient that was previously trea-
ted for latent TB, no symptoms were reported
and patient was treated with isoniazid), and
there was one case of pulmonary TB. There were
no existing latent cases that presented any sign
of active TB disease, and no fatal cases due to
TB.

Candida infections were reported by 4.9% (IR
of 1.9 per 100 PY) of patients (Table 3). All cases
of Candida infections were localized; no sys-
temic cases were observed. A total of 337
patients had events (total of 533 events) of
Candida infection, which were mainly mild
(n = 162, IR of 0.9 per 100 PY) to moderate
(n = 170, IR of 0.9 per 100 PY) in severity. Severe
Candida infections cases were reported by five
patients (which included three cases of oral
candidiasis, one case of otitis externa Candida,
and one case of esophageal candidiasis). Serious
Candida infections occurred in two patients
(total of five events); patients recovered from all
events.

Frequencies of viral infections were low
(B 5%) (Table 3). Overall, influenza occurred in
315 patients (IR of 1.7 per 100 PY), viral upper
respiratory tract infections occurred in 140
patients (IR of 0.8 per 100 PY), unspecified viral
respiratory tract infections occurred in 14
patients (IR of 0.1 per 100 PY), and viral lower

Fig. 1 Exposure-adjusted incidence rate of TEAEs, SAEs,
and discontinuation because of AE (Exposure Safety
Populations). The data points on the graph are the IR
(95% CI)/100 PY at successive year intervals from year 0
to year 5. The CIs for the IRs are from likelihood ratio

tests of treatment effect from the Poisson regression model.
AEs adverse events, CI confidence interval, IR exposure-
adjusted incidence rate, PY patient-years, SAEs serious
adverse events, TEAEs treatment-emergent adverse events
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Table 3 Summary of reported infection (incidence rates per 100 PY)

Pooled PsO IXE (N = 6892)

n (%) IR 95% CI

Infections 4307 (62.5) 23.9 23.2, 24.6

Mild 1802 (26.1) 10.0 9.5, 10.5

Moderate 2257 (32.7) 12.5 12.0, 13.0

Severe 247 (3.6) 1.4 1.2, 1.6

Missing 1 (0.0) 0.0 0.0, 0.0

Most common infectionsa

Nasopharyngitis 1592 (23.1) 8.8 8.4, 9.3

Upper respiratory tract infection 1114 (16.2) 6.2 5.8, 6.6

Bronchitis 410 (5.9) 2.3 2.1, 2.5

Sinusitis 384 (5.6) 2.1 1.9, 2.4

Urinary tract infection 364 (5.3) 2.0 1.8, 2.2

Serious infections 231 (3.4) 1.3 1.1, 1.5

Opportunistic infections 318 (4.6) 1.8 1.6, 2.0

Oral candidiasis 144 (2.1) 0.8 0.7, 0.9

Unspecified Candida infection 32 (0.5) 0.2 0.1, 0.3

Esophageal candidiasisb 14 (0.2) 0.1 0.0, 0.1

Oral fungal infectionc 11 (0.2) 0.1 0.0, 0.1

Oropharyngeal candidiasis 8 (0.1) 0.0 0.0, 0.1

Gastrointestinal candidiasis 3 (0.0) 0.0 0.0, 0.1

Mucocutaneous candidiasis 1 (0.0) 0.0 0.0, 0.0

Herpes zoster 120 (1.7) 0.7 0.6, 0.8

Othersd 8 (0.1) 0.0 0.0, 0.1

Latent tuberculosise 106 (1.5) 0.6 0.5, 0.7

Candida infections 337 (4.9) 1.9 1.7, 2.1

Oral Candidaf 160 (2.3) 0.9 0.8, 1.0

Vulvovaginal Candidag 97 (4.4) 1.7 1.4, 2.1

Skin Candida 52 (0.8) 0.3 0.2, 0.4

Esophageal candidiasisb 14 (0.2) 0.1 0.0, 0.1

Nail Candida 2 (0.0) 0.0 0.0, 0.0

Unspecific Candida 45 (0.7) 0.2 0.2, 0.3

Systemic candidiasis 0 (0.0) 0.0 0.0, 0.0

Viral infections
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respiratory tract infections in 2 patients (IR of
0.0 per 100 PY). No cases of viral respiratory
tract infection led to trial discontinuation.

Injection Site Reactions and Allergic Reactions/
Hypersensitivities
TEAEs of ISRs (High Level Term according to
MedDRA classification), were the most common
TEAEs after infection in psoriasis patients
exposed to ixekizumab (Table 4). Over the
treatment period, ISRs were reported by 15.3%
of patients (IR of 5.9 per 100 PY). The severity of
ISRs events was mostly mild (n = 727, IR of 4.0
per 100 PY) or moderate (n = 294, IR of 1.6 per
100 PY). A total of 35 severe ISRs cases were
reported (IR of 0.2 per 100 PY); no cases of
serious ISRs were observed. ISRs were the cause
of discontinuation of the study drug for 15
patients. The most commons PTs of ISRs were IS
reaction (IR of 3.9 per 100 PY), IS erythema (IR
of 1.1 per 100 PY), and IS pain (IR of 0.6 per 100
PY). Over the 5-year period observed, the inci-
dence of ISRs decreased steadily from an IR of
16.5 per 100 PY the first year period to an IR of
1.7 per 100 PY at year 5 (Fig. 2b).

Overall, 14.5% of patients reported allergic
reactions or hypersensitivity (IR of 5.6 per 100
PY) (Table 4). The most common type of allergic
reactions or hypersensitivity were contact der-
matitis (IR of 1.1 per 100 PY), eczema (IR of 1.1
per 100 PY), urticaria (IR of 0.9 per 100 PY),
dermatitis (IR of 0.6 per 100 PY), rash (IR of 0.5
per 100 PY), and allergic rhinitis (IR of 0.5 per
100 PY). TEAEs of allergic reactions or hyper-
sensitivities were mainly mild (8.8%, IR of 3.4
per 100 PY) to moderate (5.3%, IR of 2.0 per 100
PY) in severity. IR of severe cases was low (0.5%,
IR of 0.2 per 100 PY). A total of 28 cases of
serious allergic reactions or hypersensitivity
were observed (IR of 0.2 per 100 PY). After
medical review, no confirmed cases of anaphy-
laxis were reported in the safety population.

Inflammatory Bowel Disease (IBD)
Per external adjudication, a total of 26 patients
(IR of 0.1 per 100 PY, 0.4%) had TEAE of IBD
confirmed as either Crohn’s disease [n = 10, IR
of 0.1 per 100PY, 0.1%; which included 9
patients with de novo cases (IR of 0.05 per 100
PY) and 1 patient with IBD history of ulcerative
colitis], or ulcerative colitis [n = 16, IR of 0.1 per

Table 3 continued

Pooled PsO IXE (N = 6892)

n (%) IR 95% CI

Viral upper respiratory tract infections 140 (2.0) 0.8 0.7, 0.9

Unspecified viral respiratory tract infections 14 (0.2) 0.1 0.0, 0.1

Viral lower respiratory tract infections 2 (0.0) 0.0 0.0, 0.0

Influenza 315 (4.6) 1.7 1.6, 2.0

CI confidence interval, IR incidence rate per 100 patient-years, IXE ixekizumab, N number of patients in analysis popu-
lation, n number of patients in each category, PsO psoriasis
aDefined as IR of TEAEs C 2.0 per 100 PY
bThe data include one case considered severe, nine cases considered moderate, and four cases considered mild
cAs reported by investigator
dThe data include cases of cytomegalovirus infection (n = 1), toxoplasmosis (n = 1), pneumonia legionella (n = 1), pul-
monary tuberculosis (n = 1), tuberculosis (n = 1), eczema herpeticum (n = 1), hepatitis C (n = 1), and pneumonia fungal
(n = 1)
eThe data include cases of latent tuberculosis, tuberculin test positive, and Mycobacterium tuberculosis complex test positive
fOral Candida infection includes oral candidiasis, oral fungal infection, and oropharyngeal candidiasis
gDenominator adjusted because gender-specific event for females: N = 2196, PY 5580.5
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100 PY, 0.2%; which included 14 patients with
de novo cases (IR of 0.08 per 100 PY) and 2
patients with history of ulcerative colitis]
(Table 4). Half of the patients (n = 13) had dis-
continued the study drug because of confirmed
TEAE IBD event. Among the 13 patients with
confirmed IBD who did not discontinue the
study drug owing to IBD event, 4 patients had
subsequent episodes of IBD during the study. As
assessed on the basis of year of exposure, inci-
dence of confirmed IBD ranged from 0.0 to 0.3
per 100 PY and was constant over time (Fig. 2c).

There were five additional cases of confirmed
IBD (three cases of Crohn’s disease and two
cases of ulcerative colitis) that occurred either
on the safety follow-up period (n = 3) or on
placebo maintenance period after ixekizumab
treatment (n = 2). In these five additional cases,
the time from the last ixekizumab injection to
the IBD event (i.e., duration that patients were
off ixekizumab treatment) ranged from 30 to
148 days. Therefore, in total, 31 patients had
confirmed IBD (IR of 0.2 per 100 PY, 0.4%).

Among the 31 patients with confirmed IBD
events, 18 patients were male, and ages ranged
from 22 to 67 years old. A total of 11 patients
had more than one event of IBD. Most con-
firmed events of IBD were moderate to severe in
severity, and 21 patients experienced a serious
event (IR of 0.1 per 100 PY). Most cases were
ongoing at the time of last study visit; nine were
resolved, and one patient with ulcerative colitis
had a fatal event.

Major Adverse Cerebro-Cardiovascular Event
Incidence of confirmed MACE events was low
(0.5 per 100 PY) and occurred in 91 patients
(Table 4). Most MACE cases were moderate
(n = 19, 0.3%) to severe (n = 70, 1.1%). A total
of 89 patients had serious event of MACE (IR of
0.5 per 100 PY). Among the 89 patients with
serious MACE event, 20 cases were fatal (20.2%),
55 cases were recovered (55.6%), 17 cases were
recovered with sequelae (17.2%), 4 cases were
recovering (4.0%), and 3 were not recovered
(3.0%) at data lock. The majority of patients

Fig. 2 Exposure-adjusted incidence rate of selected adverse
events (Exposure Safety Populations). The data points on
the graph are the IR (95% CI)/100 PY at successive year
intervals from year 0 to year 5. Overall serious infections,
ISR, IBD, MACE, malignancies, and depression. The CIs
for the IRs are from likelihood ratio test of treatment
effect from the Poisson regression model. aThe data
represent confirmed cases per external adjudication. bThe

data represent events confirmed by adjudication. CI
confidence interval, IBD inflammatory bowel disease, IR
incidence rate, ISR injection site reaction, IXE ixekizumab,
MACE major adverse cerebro-cardiovascular event, PsO
psoriasis, PY patient-year
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with TEAE of MACE had medical history of
preexisting vascular disorders (59.3%, n = 54),
including hypertension (58.2%, n = 53), dys-
lipidemia (27.5%, n = 25), type 2 diabetes mel-
litus (19.8%, n = 18), hypercholesterolemia

(13.2%, n = 12), obesity (12.1%, n = 11), and
cardiac disorders (20.9%, n = 19), including
coronary artery disease (13.2%, n = 12). The
most common types of MACE were nonfatal
myocardial infarction (0.7%; IR of 0.3 per 100

Table 4 Summary of selected AEs

Pooled PsO IXE (N = 6892)

n (%) IR 95% CI

Injection site reactions 1056 (15.3) 5.9 5.5, 6.2

Mild 727 (10.5) 4.0 3.8, 4.3

Moderate 294 (4.3) 1.6 1.5, 1.8

Severe 35 (0.5) 0.2 0.1, 0.3

Injection site reaction 698 (10.1) 3.9 3.6, 4.2

Injection site erythema 203 (2.9) 1.1 1.0, 1.3

Injection site pain 117 (1.7) 0.6 0.5, 0.8

Injection site swelling 83 (1.2) 0.5 0.5, 0.6

Injection site pruritus 44 (0.6) 0.2 0.2, 0.3

Allergic reactions/hypersensitivity 1002 (14.5) 5.6 5.2, 5.9

Malignancies 141 (2.0) 0.8 0.7, 0.9

NMSC 54 (0.8) 0.3 0.2, 0.4

Other malignancies (excluding NMSC) 94 (1.4) 0.5 0.4, 0.6

Inflammatory bowel diseasea 26 (0.4) 0.1 0.1, 0.2

Crohn’s disease 10 (0.1) 0.1 0.0, 0.1

Ulcerative colitis 16 (0.2) 0.1 0.0, 0.1

Depressionb 215 (3.1) 1.2 1.0, 1.4

Cytopeniac 171 (2.5) 0.9 0.8, 1.1

MACEd 91 (1.5) 0.5 0.4, 0.7

Asthma 49 (0.7) 0.3 0.2, 0.4

CI confidence interval, IR incidence rate per 100 patient-year, IXE ixekizumab, MACE major adverse cerebro-cardiovascular
event, MedDRA Medical Dictionary for Regulatory Activities, N number of patients in analysis population, n number of
patients in each category, NMSC nonmelanoma skin cancer, PsO psoriasis, SMQ standardized MedDRA queries, TEAE
treatment-emergent adverse event
aThe data represent cases classified as ‘‘definite’’ and ‘‘probable’’ per external adjudication. IR was calculated as the total of
‘‘definite’’ and ‘‘probable’’ cases/total patient-years, then multiplied by 100. There were five cases of adjudicated IBD that
were not considered TEAEs. Total adjudicated IBD n = 31 (IR of 0.2 per 100 PY, 0.4%)
bBroad, according to SMQ, or sub-SMQ classification
cBroad, according to SMQ classification
dThe data represent adjudicated cases
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PY), followed by nonfatal stroke (0.3%; IR of 0.1
per 100 PY), and vascular death (0.3%; IR of 0.1
per 100 PY). As assessed on the basis of yearly
exposure periods, the incidences of MACE were
stable over time (Fig. 2d).

Malignancies
Malignancies occurred in 141 patients (IR of 0.8
per 100 PY), including 54 patients (IR of 0.3 per
100 PY) with NMSC and 94 patients (IR of 0.5
per 100 PY) with malignancies other than
NMSC (Table 4). The most reported cases of
NMSC were basal cell carcinoma (n = 44, IR of
0.2 per 100 PY), followed by squamous cell
carcinoma of skin (n = 8, IR of 0.0 per 100 PY).
The most reported type of malignancy other
than NMSC was prostate cancer (n = 12, IR of
0.1 per 100 PY; denominator adjusted because
of gender-specific event for males). TEAEs of
NMSC were mainly mild (22/54 cases) to mod-
erate (29/54) in severity, while malignancies
other than NMSC were, in majority, moderate
(24/94) to severe (58/94) events. The majority of
patients reported nonserious NMSC. A total of
five serious cases of NMSC were reported; all of
them recovered, while 94.4% of nonserious
cases reached the same outcome. Most cases of
malignancies other than NMSC were serious
(76/94 cases), 5 events were fatal, 18 cases were
recovered, 47 cases were not recovered, 1 case
was recovered with sequelae, 7 cases were
recovering, and 4 cases had an unknown out-
come at the time of data lock. The diagnosis of a
malignancy led to discontinuation of the study
drug for 73 patients (1.1%, IR of 0.4 per 100 PY).
The mean time from start of the study drug to
onset of malignancies event was 670 days
(NMSC: 536.9 days, malignancies other than
NMSC: 763.5 days). The incidence of malig-
nancies was low and constant over the 5-year
period (Fig. 2e).

Depression
Overall, depression events (including suicide
and self-injury) were reported by 3.1% (IR of 1.2
per 100 PY) of patients exposed to ixekizumab
(Table 4). Depression events were mainly mild
(n = 89, 1.3%) to moderate cases (n = 100, 1.5%)
in severity; 26 (0.4%) events of severe

depression were reported. SAEs of depression
occurred in 27 patients (0.4%, IR of 0.1 per 100
PY). Most common PTs of depression were
depression (n = 132, IR of 0.7 per 100 PY; led to
discontinuation of study drug by nine patients),
depressed mood (n = 11, IR of 0.1 per 100 PY),
suicide attempt (n = 11, IR of 0.1 per 100 PY; led
to discontinuation of study drug by five
patients), and adjustment disorder with
depressed mood (n = 9, IR of 0.1 per 100 PY).
Many patients with TEAE of depression had at
baseline preexisting condition or medical his-
tory of psychiatric disorders (n = 78, 36.3%).
Most common preexisting conditions included,
but were not limited to, depression (n = 44,
20.5%), anxiety (n = 18, 8.4%), and insomnia
(n = 14, 6.5%). Over the 5-year period observed,
the incidence of TEAEs of depression was low
(B 1.7 per 100 PY) and progressively decreased
(Fig. 2f).

Other Selected Treatment-Emergent Adverse
Events of Interest
Overall, cases of cytopenia were reported by
2.5% (IR of 0.9 per 100 PY) of patients exposed
to ixekizumab (Table 4). A total of 27 cases of
neutropenia grade 3 or worse were reported,
including 3 cases of grade 4. Overall, asthma
was reported by 0.7% of patients (IR of 0.3 per
100 PY). Two cases of asthma were serious; none
led to discontinuation of the study drug.

DISCUSSION

Owing to the chronic and recalcitrant nature of
moderate-to-severe plaque psoriasis, most
patients will require long-term treatment with
biologics to manage their disease. Therefore,
long-term monitoring of the safety of biologics
is required. In this analysis, the IR of TEAEs with
long-term exposure to ixekizumab in 6892 adult
patients with moderate-to-severe psoriasis did
not increase. Additionally, IRs of SAEs were low
in ixekizumab-treated patients over 5 years of
exposure. Rates of TEAEs tended to be stable or
decreased from the first year of exposure.

There is evidence that IL-17 plays a key role
in host defense against fungal infections. Thus,
the use of IL-17 antagonist agents may increase
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susceptibility to infections, in particular muco-
cutaneous candidiasis [14]. Candida infections
were commonly reported for ixekizumab (1.9
per 100 PY); all cases were localized (mainly oral
candidiasis), and no systemic cases were
observed. Of note, higher rates of oral candidi-
asis have recently been reported in patients
treated with the anti-IL17A/F antibody (bimek-
izumab) compared with another IL-17A inhi-
bitor (secukinumab) [15].

While infections in general were the most
common TEAEs (IR of 23.9 per 100 PY), their
severity tended to be mild or moderate. Serious
infections were infrequent (3.4%) in patients
exposed to ixekizumab. These serious infections
were easily treated, most events resolved, and
they generally did not interfere with mainte-
nance of ixekizumab treatment.

IBD pathogenesis involves a complex net-
work of cytokines associated with intestinal
inflammation [16, 17]. In particular, interac-
tions between IL-12, IL-23, and IL-17 play
important roles in gut-defense mechanisms and
in the regulation of tissue inflammation [18].
Previous animal studies have demonstrated
conflicting findings on the role of IL-17 inhibi-
tors for treatment of intestinal inflammation
[19]. Furthermore, in a clinical trial utilizing
secukinumab for the treatment of patients with
Crohn’s disease, no benefit was found, with
worsening of the IBD after treatment in a subset
of patients [20].

Although the exact etiology of IBD is
unknown, the mechanistic and pathologic role
IL-17 plays in intestinal inflammation likely
involves interactions with environmental,
genetic, and microbial factors [21]. Patients
with psoriasis experience a higher burden of
IBD than the general population [22], and are at
higher risk of developing Crohn’s disease and
ulcerative colitis than matched reference pop-
ulations [23, 24]. In the current safety analyses
for ixekizumab, IBD events were uncommon
(\1% of the population). A total of 31 cases of
confirmed IBD were detected, including 13
cases of Crohn’s disease and 18 cases of ulcera-
tive colitis. Most of the IBD cases were de novo
(27/31). In our studies, a total of 44 patients had
a history of IBD, and 41 of them did not have an
exacerbation during ixekizumab exposure.

Although IBD is an adverse drug reaction for
ixekizumab, the IRs reported in our studies are
in line with the expected IR of IBD in patients
with psoriasis [24, 25]. In patients with moder-
ate-to-severe psoriasis, careful evaluation of
confirmed diagnosis of Crohn’s disease or
ulcerative colitis should be conducted by the
physician when considering treatment with
ixekizumab and other IL-17 inhibitors, and
psoriasis patients should be monitored for IBD
after initiation of ixekizumab. Further studies
are needed to understand risk factors associated
with IBD with IL-17 inhibition.

Cardiovascular risk factors are among the
most common comorbidities in psoriasis [26].
The results of one observational study in
patients with psoriasis suggest that a cumulative
duration of exposure to low-grade chronic
inflammation is associated with a high preva-
lence of vascular diseases and MACE events
(1.0% per additional year of psoriasis duration)
[27]. In the current report, the incidence of
MACE events was low (0.5 per 100 PY). This
finding is consistent with a study from three
clinical trials that showed a neutral impact of
ixekizumab on cardiovascular parameters in
patients with moderate-to-severe psoriasis [28].
Interestingly, in two separate studies, Mehta
and colleagues demonstrated 12% and 14.7%
reductions in lipid-rich atherosclerotic plaques
(via CT angiography) in patients with psoriasis
treated for 1 year with an IL-17 inhibitor
[29, 30]. Taken together, these results suggest
that additional studies are needed to under-
stand more fully the effects of IL-17 inhibitors
on cardiovascular disease over time.

Patients with psoriasis have an increased risk
of malignancies owing to impaired immuno-
surveillance resulting from the effect of chronic
inflammation [31]. A recent meta-analysis
showed that the overall prevalence of cancer in
patients with psoriasis was 4.78% with an inci-
dence rate of 11.75 per 1000 PY [32]. In this
study, malignancies were reported by 2.0% of
patients receiving IXE (IR of 0.8 per 100 PY); no
specific risk factors for malignancy in relation to
treatment with ixekizumab have been
identified.

Patients with psoriasis are more likely to
have depression compared with those without
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psoriasis [33, 34]. In this integrated analysis of
18,025.7 PY of ixekizumab exposure, the IR of
depression was 1.2 per 100 PY, which does not
suggest any increased risk of depression associ-
ated with ixekizumab.

Although this analysis included a large
sample size of 6892 individuals, the population
was limited to adult patients. The shorter-term
safety profile of ixekizumab in pediatric patients
has previously been reported [4]. Generally, the
safety profile of ixekizumab in children was
consistent with that observed in adults with
moderate-to-severe psoriasis.

CONCLUSION

In summary, the overall safety profile of ixek-
izumab remained favorable through 5 years
with no increase in yearly TEAEs IRs from the
first year of exposure. No new or unexpected
safety events were identified, and the safety
profile is consistent with the established safety
profile in current labeling. These findings add
value to physicians when assessing the benefit-
to-risk balance in patients with moderate-to-
severe psoriasis being treated with ixekizumab
over time.
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