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A Phase II Randomized Study of Subcutaneous Ixekizumab,
an Anti-Interleukin-17 Monoclonal Antibody,
in Rheumatoid Arthritis Patients Who Were Naive to
Biologic Agents or Had an Inadequate Response to
Tumor Necrosis Factor Inhibitors
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Objective. To evaluate ixekizumab, an anti—
interleukin-17A (anti-IL-17A) monoclonal antibody, in
2 populations of rheumatoid arthritis (RA) patients:
biologics-naive patients and patients with an inadequate
response to tumor necrosis factor (TNF) inhibitors.

Methods. In this phase II, randomized, double-
blind study, placebo or ixekizumab was administered
subcutaneously to 260 biologics-naive patients and 188
patients with an inadequate response to TNF inhibitors
at weeks 0, 1, 2, 4, 6, 8, and 10 with concomitant
disease-modifying antirheumatic drugs. The primary
objective was to determine the dose-response relation-
ship of ixekizumab as measured by the proportion of
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biologics-naive patients meeting the American College
of Rheumatology 20% improvement criteria (ACR20) at
week 12.

Results. Using a logistic regression model defined
a priori, a statistically significant dose-response rela-
tionship as measured by ACR20 response rates at week
12 was detected in biologics-naive patients (P = 0.031).
For patients with an inadequate response to TNF inhib-
itors, ACR20 responses at week 12 were significantly
better with ixekizumab than placebo (P < 0.05). De-
creases in the Disease Activity Score in 28 joints using
the C-reactive protein level (DAS28-CRP), Clinical Dis-
ease Activity Index (CDAI), and CRP level from base-
line were observed at week 12 in the ixekizumab groups
in both populations (P < 0.05 versus placebo). Onset of
action was rapid in some dose groups in both popula-
tions, with improvements in the ACR20, DAS28-CRP,
CRP levels, and CDAI observed by day 3 (P < 0.05).
Adverse events occurred with similar frequencies overall
in the ixekizumab and placebo groups. Infections were
more frequent with ixekizumab than placebo (biologics-
naive 25% versus 19%; inadequate responders to TNF
inhibitors 27% versus 25%). No mycobacterial or inva-
sive fungal infections were reported.

Conclusion. Ixekizumab improved RA signs and
symptoms in RA patients who were either naive to biolog-
ics treatment or had an inadequate response to TNF
inhibitors. The safety profile was similar to that of other
biologic agents, with no unexpected safety concerns.

Proinflammatory cytokines play a dominant role
in the pathogenesis of synovial inflammation and
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arthritis-associated bone loss in rheumatoid arthritis
(RA). One of these cytokines, interleukin-17A (IL-17A),
activates synovial fibroblasts, chondrocytes, and oste-
oclasts, which can lead to inflammation, bone erosion,
and joint damage (1). In animal models of inflammatory
arthritis, IL-17 neutralization reduces arthritis severity
by diminishing joint inflammation and inhibiting struc-
tural damage (2,3).

In a recent phase I study of RA patients who
were naive to treatment with biologic agents, intrave-
nous ixekizumab (L'Y2439821), a humanized monoclo-
nal antibody that neutralizes IL-17A, significantly im-
proved signs and symptoms with no significant safety
signal noted (4). The present study was conducted to
confirm the efficacy of ixekizumab in a larger population
of biologics-naive patients with RA; the primary objec-
tive was to determine the dose-response relationship of
subcutaneous ixekizumab as measured by the proportion
of patients meeting the American College of Rheuma-
tology 20% improvement criteria (ACR20) (5) at week
12. In addition, it was not known whether IL-17A
neutralization would be effective in patients who have an
inadequate response to tumor necrosis factor (TNF)
inhibitors. Since patients with an inadequate response to
TNF inhibitors respond less well than biologics-naive
patients to other biologic treatments (6,7), the present
study included a population of patients with an inade-
quate response to TNF inhibitors, with a key secondary
objective being evaluation of the efficacy of subcutane-
ous ixekizumab in these patients.

PATIENTS AND METHODS

Patients. Eligible patients were adults (18-75 years of
age) with active RA according to the ACR 1987 revised criteria
(8), ACR functional class I, II, or III (9), =6 swollen joints of
28 assessed and =6 tender joints of 28 assessed, and a serum
C-reactive protein (CRP) level greater than the upper limit of
normal (ULN; 10 mg/liter) or an erythrocyte sedimentation
rate (ESR) of =28 mm/hour. Two population cohorts of RA
patients were evaluated in the study: biologics-naive patients
and patients with an inadequate response to TNF inhibitors.

Biologics-naive patients. In order to be enrolled in the
biologics-naive population, patients could not have been pre-
viously treated with any biologic agent (e.g., TNF-, IL-1-,
IL-6—, T cell-, or B cell-targeted therapies). Patients were
required to have been taking methotrexate (MTX) for =12
weeks prior to baseline, to have been taking MTX at a stable
dose (7.5-25 mg/week) for =8 weeks prior to baseline, and to
continue taking MTX at a stable dose throughout the study. In
addition to MTX, patients were allowed to receive hydroxy-
chloroquine and/or sulfasalazine if they had been on a stable
dose for =8 weeks prior to baseline. Use of leflunomide within
12 weeks or other traditional disease-modifying antirheumatic
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drugs (DMARDs) within 8 weeks of baseline was not per-
mitted, with the exception of MTX, hydroxychloroquine, or
sulfasalazine. Patients were excluded from this population if
they experienced an inadequate response to a minimum of 3
months of treatment with =5 conventional DMARDs (e.g.,
leflunomide, azathioprine, cyclosporine, hydroxychloroquine,
gold salts, and sulfasalazine), used alone or in combination, at
therapeutic doses. Oral prednisone not exceeding 10 mg/day
was allowed provided the dosage was stable for =4 weeks.

Patients with an inadequate response to TNF inhibitors.
Patients enrolled in the population with an inadequate re-
sponse to TNF inhibitors had to have been treated with =1
biologic TNF inhibitor and, in the opinion of the investigator,
either had stopped treatment due to insufficient efficacy after
=3 months of therapy at approved doses, or had been intol-
erant of such treatment, regardless of treatment duration.
Patients in the group with an inadequate response to TNF
inhibitors could not have used etanercept or anakinra for <28
days, infliximab or adalimumab for <56 days, abatacept for <3
months, rituximab for <12 months, or any other biologic
DMARD for a duration equivalent to <5 half-lives prior to
baseline. In addition, the patients with an inadequate response
to TNF inhibitors had to have been regularly treated with =1
conventional DMARD in a stable treatment regimen that
could include any combination of 1 or more of MTX, hydroxy-
chloroquine, and sulfasalazine; all other conventional
DMARD:s (e.g., leflunomide) were allowed as single-agent use
only. If patients were taking MTX, regular use for =12 weeks
and a stable dosage (7.5-25 mg/week) for =8 weeks prior to
baseline was required.

Study design. This 12-week, multicenter, randomized,
double-blind, placebo-controlled, parallel-group, dose-ranging
study with an open-label extension period was conducted at 75
sites in 11 countries (Argentina, Chile, Germany, India, the
Republic of Korea, Peru, Poland, Romania, Russian Federa-
tion, Taiwan, and the US). Two separate RA population
cohorts, biologics-naive patients and patients with an inade-
quate response to TNF inhibitors, were randomized to treat-
ment (3:2:2:2:3:2 and 1:1:1, respectively) by computer-
generated random sequence using an interactive voice
response system. Both populations received subcutaneous in-
jections of ixekizumab or placebo at weeks 0, 1, 2, 4, 6, 8§, and
10; biologics-naive patients received placebo or 3 mg, 10 mg,
30 mg, 80 mg, or 180 mg of ixekizumab, and patients with an
inadequate response to TNF inhibitors received placebo or
80 mg or 180 mg of ixekizumab.

The study protocol was approved by the investigational
review board at each study center. All patients provided
written informed consent. The study was designed jointly by
representatives of the sponsor (Eli Lilly) and the investigators
and was conducted in accordance with principles described in
the Declaration of Helsinki and the applicable laws and
regulations. Data were collected and analyzed by a contract
research organization (Parexel, Inc.) with oversight by the
SpOnsor.

End points. The primary end point was the dose-
response relationship of ixekizumab as measured by the pro-
portion of biologics-naive patients achieving an ACR20 re-
sponse at week 12. Key secondary end points at week 12
included the proportion of biologics-naive patients and pa-
tients with an inadequate response to TNF inhibitors in whom
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an ACR20 response was achieved. Other secondary end points
included ACR50 and ACR70 responses, individual ACR core
set components, Disease Activity Score in 28 joints using the
CRP level (DAS28-CRP) (10), low disease activity (DAS28-
CRP =3.2), remission (DAS28-CRP <2.6), and European
League Against Rheumatism response based on a 28-joint
count (EULAR28) (11) evaluated at all time points, where the
measures were obtained (12-14).

The Clinical Disease Activity Index (CDAI), which is a
composite score of the sum of tender joint counts (of 28 joints
assessed), swollen joint counts (of 28 joints assessed), patient’s
global assessment, and physician’s global assessment, but
which excludes any acute-phase reactant analysis, was also
used as a post hoc efficacy measure (15). The patient’s
assessment of physical function was measured by a standard-
ized Health Assessment Questionnaire (HAQ) disability index
(DI) (16,17). Efficacy measures were collected at baseline; on
day(s) 1, 2, or 3 (based on patient’s preference); and at weeks
1,2, 4, 8, and 12. Safety was monitored throughout the study.
Adverse events (AEs), routine laboratory values, and vital
signs were monitored throughout and are reported here
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through week 12. Treatment-emergent AEs were defined as
those that first occurred or worsened after the first dose of
study drug. Infections, systemic allergic reactions/
hypersensitivities, and injection-site reactions were AEs of
special interest. Abnormal laboratory findings of special inter-
est included cytopenias (leukopenia, neutropenia, and throm-
bocytopenia) and results of liver biochemical tests (elevated
levels of alanine aminotransferase [ALT], aspartate amino-
transferase [AST], bilirubin, and alkaline phosphatase).
Statistical analysis. All analyses were conducted on a
modified intent-to-treat basis and included data from all
randomized patients who received =1 dose of study drug. For
ACR response rates, patients who discontinued early, regard-
less of response status at the time of discontinuation, or who
had a missing response at any time point, were imputed as
nonresponders at that time point. For other categorical vari-
ables and all continuous variables, the last observation carried
forward approach was used for missing data. Separate analyses
were done within each population (biologics-naive patients
and patients with an inadequate response to TNF inhibitors).
For the biologics-naive population, a sample size of

Table 1. Demographic and baseline clinical characteristics of the biologics-naive RA patients and RA patients with an inadequate response to TNF
inhibitors*
RA patients with an inadequate
Biologics-naive RA patients response to TNF inhibitors
Ixekizumab Ixekizumab
Placebo 3 mg 10 mg 30 mg 80 mg 180 mg Placebo 80 mg 180 mg
(n = 54) (n = 40) n=35 @=37) (n=157) (n = 37) (n=064) (n=065) (n =59)
Age, years 53+10 5210 54 =11 53+12 53 =11 52+11 53+10 55 =11 5210
Female, no. (%) 47 (87) 33 (83) 27 (77) 31 (84) 52(91) 30 (81) 55 (86) 57 (88) 51 (86)
Weight, kg 70 = 18 70 = 16 75 =23 7322 71 =17 71 = 16 77 =22 75 =18 79 =23
BMI, kg/m? 27+7 27+5 29+ 8 28=+8 28+ 6 27+6 29+ 8 29+7 29+38
No. of tender joints 15.9 15.1 18.1 15.7 16.8 16.9 15.5 15.3 14.9
(28 assessed), mean
No. of swollen joints 11.9 10.7 13.6 11.7 13.8 13.8 12.5 12.6 11.9
(28 assessed), mean
Pain (100-mm VAS), 62 59 65 66 66 64 67 59 58
mean
Patient’s global assessment 67 60 64 66 64 69 68 62 63
(100-mm VAS), mean
Physician’s global 60 56 59 59 58 65 58 62 57
assessment (100-mm
VAS), mean
HAQ DI, mean 15 1.3 1.5 1.7 1.6 1.6 1.7 1.7 15
CRP, mean mg/liter 19.2 13.0 20.5 14.4 19.5 22.7 20.7 20.1 20.9
DAS28-CRP, mean 5.9 5.6 6.1 5.8 6.0 6.1 5.9 5.8 5.8
CDAI 40 = 15 37+ 14 44 = 16 40 = 16 43 = 14 44 =13 41 = 14 40 =13 3915
RF positive, no. (%) 40 (76) 26 (67) 25 (71) 25 (68) 43 (75) 28 (76) 48 (75) 46 (71) 43 (73)
Anti-CCP positive, no. 41 (76) 29 (73) 28 (80) 30 (81) 39 (68) 24 (67) 47 (73) 44 (68) 43 (73)
(%)
Disease duration, years 6*+6 8§38 7*8 77 7*8 6=*5 10x6 13+9 11=7
MTX, mg/week 14+5 14 x4 155 15+6 14+ 4 146 16 = 6 18 %5 15+6
Prednisone, mg/day 6*+2 72 6*2 7*+3 6*3 7*3 7*+3 73 7x3
Prednisone use, no. (%) 27 (50) 19 (48) 15 (43) 22 (60) 29 (51) 19 (51) 29 (45) 36 (55) 34 (58)

* Except where indicated otherwise, values are the mean * SD. No statistically significant differences were noted in any of the parameters across
treatment groups in each population. RA = rheumatoid arthritis; TNF = tumor necrosis factor; BMI = body mass index; VAS = visual analog scale;
HAQ DI = Health Assessment Questionnaire disability index; DAS28-CRP = Disease Activity Score in 28 joints using the C-reactive protein (CRP)
level; CDAI = Clinical Disease Activity Index; RF = rheumatoid factor; anti-CCP = anti—cyclic citrullinated peptide; MTX = methotrexate.
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Figure 1. Patient disposition up to week 12. TNF = tumor necrosis factor.

224 evaluable patients at week 12 was predicted to provide
=94% unadjusted power to detect a statistically significant
dose-response relationship by logistic regression across the
ixekizumab and placebo groups, based on an ACR20 response
using a 2-sided maximum likelihood ratio test (a = 0.10; alpha
level selected to balance Type I and Type II errors). For the
population of patients who had an inadequate response to
TNF inhibitors, a sample size of 159 evaluable patients at week
12 provided =80% power to detect a 25% difference in the
ACR20 response between each of the ixekizumab groups
versus the placebo group (assuming a 25% response rate for
placebo), using a 1-sided Pearson’s chi-square test (a = 0.05).

The primary objective for the biologics-naive popula-
tion was analyzed using a logistic regression model with dose
and the square of dose as continuous predictor variables
(dose = 0 for placebo). A 2-sided maximum likelihood ratio
test was used to test the dose-response relationship (« = 0.10).
The goodness of fit for the logistic regression model was
determined by the Hosmer-Lemeshow test, which showed lack
of fit; therefore, the log-transformed dose was evaluated.
Within both populations, biologics-naive patients and patients
with an inadequate response to TNF inhibitors, the differences
between each treatment group and the placebo group in
ACR20, ACR50, ACR70, DAS28-CRP categorical para-
meters, and EULAR2S8 were analyzed using a 1-sided Pear-
son’s chi-square test. Fisher’s exact test was used if the
chi-square assumption was violated. All other secondary con-
tinuous efficacy measures were analyzed using analysis of
covariance with treatment and baseline value in the model,

including the ACR core set components and CDAI (both
2-sided) and DAS28-CRP (1-sided). Analyses were performed
for all time points when data were collected without any
adjustments for multiplicity.

RESULTS

Patient baseline demographic and clinical char-
acteristics and disposition. A total of 448 RA patients
were randomized: 260 biologics-naive RA patients in
one part of the study and 188 patients with an inade-
quate response to TNF inhibitors in the other. Overall,
the mean age of enrolled patients was 53 years, 86%
were women, and the average duration of RA was >8
years. Within each population, the baseline demograph-
ics for the dosing groups were similar (Table 1). A total
of 17 (7%) of the patients in the biologics-naive popu-
lation and 19 (10%) in the group with an inadequate
response to TNF inhibitors discontinued before the week
12 visit. The most common reasons for early discontinua-
tion were AEs and patient decision (Figure 1).

Efficacy. Biologics-naive patients. Using a logistic
regression model defined a priori, a statistically signifi-
cant dose-response relationship as measured by ACR20
response rates at week 12 was detected in biologics-naive
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Figure 2. Outcome measures in biologics-naive patients with rheumatoid arthritis who were treated with ixekizumab. A and B, American College
of Rheumatology 20% improvement criteria (ACR20) (A) and ACR50 (B). ACR20 and ACRS50 response rates were analyzed using a 1-sided test
and nonresponder imputation. C-E, Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) (C), CRP level (D), and
Clinical Disease Activity Index (CDAI) (E). CRP and CDAI were analyzed using a 2-sided test and the last observation carried forward method.
Categorical responses were analyzed by Fisher’s exact test, and continuous variables were analyzed by analysis of covariance with treatment and
baseline in the model. Tests were not adjusted for multiple testing. LS = least squares.

patients (P = 0.031). Although the analysis was not
powered for pairwise comparisons, an ACR20 response
was observed in statistically significantly greater percent-
ages of patients treated with ixekizumab, at multiple
time points and doses, compared with placebo. A statis-
tically significantly greater response was observed in the
30-mg group at week 12 (P = 0.001) (Figure 2). At week
12, the proportions of patients in whom ACRS50 and
ACR70 responses were achieved were statistically signif-
icantly greater in the majority of ixekizumab groups than
in the placebo group (Table 2). The clinical efficacy
response was characterized by a rapid onset of action,
with an ACR20 response achieved in statistically signif-
icantly greater percentages of patients by day 3 in the
30-mg and 180-mg ixekizumab groups versus placebo,
and by week 1 in the 3-mg, 30-mg, and 180-mg ixeki-
zumab groups versus placebo (Figure 2). Changes in
most ACR component scores were better with the
30-mg, 80-mg, and 180-mg doses of ixekizumab than
with placebo at week 12 (Table 2).

A reduction in disease activity was also observed
using DAS28-CRP scores, with improvements seen by

day 3 with 10-mg and 180-mg ixekizumab versus placebo,
and by week 1 with all ixekizumab doses versus placebo
(Figure 2). These improvements persisted to the 12-
week end point (P < 0.05 for all ixekizumab groups at all
time points except for 10 mg at week 2 and for 3 mg at
weeks 2, 4, and 8). Using EULAR response criteria at
week 12, 73% and 76% of patients in the 80-mg and
180-mg groups, respectively, were responders versus
44% of placebo-treated patients (P < 0.05) (Table 2). A
DAS28-CRP of =3.2 was achieved in a higher number
of patients receiving 180 mg ixekizumab (30%) than in
those receiving placebo (13%) at week 12 (P < 0.05)
(Table 2). Decreases from baseline were also observed
in mean CDALI scores in the 30-mg, 80-mg, and 180-mg
ixekizumab groups at most time points, with improve-
ments seen as early as by day 3 in the 180-mg group and
by week 1 in the 80-mg and 180-mg groups (Figure 2).
The mean CRP values decreased rapidly in all ixeki-
zumab groups, with near-nadir values achieved at week
1 (Figure 2). Patient CRP values were relatively stable in
the 30-mg, 80-mg, and 180-mg groups after week 1, and
CRP levels in all ixekizumab groups were lower than
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Figure 3. Outcome measures in patients with rheumatoid arthritis with an inadequate response to tumor necrosis factor inhibitors who were treated
with ixekizumab. A and B, American College of Rheumatology 20% improvement criteria ACR20 (A) and ACR50 (B). ACR20 and ACRS50 response
rates were analyzed using a 1-sided test and nonresponder imputation. C-E, Disease Activity Score in 28 joints using the C-reactive protein level
(DAS28-CRP) (C), CRP level (D), and Clinical Disease Activity Index (CDAI) (E). CRP and CDAI were analyzed using a 2-sided test and the last
observation carried forward method. Categorical responses were analyzed by Fisher’s exact test, and continuous variables were analyzed by analysis
of covariance with treatment and baseline in the model. LS = least squares.

those in the placebo group at week 12, with no clear
dose-related differences observed (Figure 2).

Patients with an inadequate response to TNF inhib-
itors. In RA patients with an inadequate response to
TNF inhibitors, statistically significant differences in
ACR20 responses were observed between each of the
ixekizumab groups and the placebo group by week 1
(P < 0.05 for each comparison) and persisted through
week 12 (Figure 3), with responses seen as early as day
3 in the 180-mg ixekizumab group (P < 0.05). At week
12, ACRS50 responses in the ixekizumab-treated patients
were numerically higher than those in the placebo
group, with statistically significant differences observed
in the 80-mg group for the ACRS50 response (Table 2).
ACR70 response rates were similar in the ixekizumab
and placebo groups.

Decreases in the DAS28-CRP from baseline
were observed in both ixekizumab groups by day 3 and
persisted through the 12-week end point (P < 0.05
versus placebo, both doses at each time point) (Figure
3). At week 12, 60% and 66% of patients in the 80-mg
and 180-mg groups, respectively, were EULAR respond-

ers versus 37% of placebo-treated patients (P < 0.05 for
each comparison) (Table 2). Although both ixekizumab
groups had higher percentages of patients with a
DAS28-CRP of =3.2 and a DAS28-CRP of <2.6 versus
placebo, only the 180-mg group reached statistical sig-
nificance for both thresholds at week 12 (Table 2). For
CDAI scores, statistically significant decreases from
baseline versus placebo were observed as early as day 3
in the 180-mg group and by week 1 in the 80-mg group,
and persisted through week 12 (Figure 3). The CRP
values decreased in both treatment groups beginning
by day 3 (P < 0.05 versus placebo for each comparison)
and reaching near-nadir values by week 1 (Figure 3),
with no clear differences observed between dose groups
at week 12.

Safety. The frequency of treatment-emergent
AEs was similar overall across all treatment arms in
either population, although biologics-naive patients re-
ceiving higher ixekizumab doses had somewhat higher
rates than those receiving placebo. The majority of
treatment-emergent AEs were mild to moderate. Table
3 displays the treatment-emergent AEs that occurred in
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Table 2. Efficacy end points at week 12*
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Biologics-naive RA patients

RA patients with an inadequate

response to TNF inhibitors

Ixekizumab Ixekizumab
Placebo 3 mg 10 mg 30 mg 80 mg 180 mg Placebo 80 mg 180 mg
m=54) @m=40) @M=35 ®m=37) @M=57 m=37) @m=64 (m=65 (n=159)
ACR20, % 35 45 43 70 51 54 23 40F 39¢
ACRS50, % 9 18 29% 307 267 277 8 207 17
ACR70, % 2 5 147 147 7 147 3 3 10
DAS28-CRP =3.2, % 13 23 29 24 18 307 11 22 32%
DAS28-CRP <2.6, % 6 5 17 14 5 16 5 14 22F
EULAR?2S response, % 44 687 60 767 737 767 37 607 667
Change from baseline
No. of tender joints -3.1 —6.5t —6.17F —7.3% —7.5% —8.8F -2.9 —6.0F —6.1F
(28 assessed), LSM
No. of swollen joints -3.1 -52 —6.17F —6.6F —6.8F —5.9% -1.6 —5.5% —5.3F
(28 assessed), LSM
Pain (100-mm VAS), LSM —15.9 -21.2 —20.7 —28.7% —24.4% —249 -74 -112 —19.9%
Patient’s global assessment —18.4 —-19.7 —-19.2 —28.6F —-22.4 —28.0F —-8.6 —-13.2 —21.9%
(100-mm VAS), LSM
Physician’s global assessment —15.7 —22.6 —-22.1 —-26.71 —24.9% —26.5% -9.0 —24.87% —22.5%
(100-mm VAS), LSM
HAQ DI, LSM -0.2 -0.4 -0.4 —0.57 —0.5F —0.57 -0.2 -0.2 -0.3
CRP, mg/liter, LSM -0.9 —10.27 —7.8% —11.0F —10.9% —10.2F 1.3 -9.7% —8.1F
DAS28-CRP, LSM -0.8 —1.4% —1.5F —1.7% —-1.7% -1.97 —0.6 -1.37 —1.67
CDAI, LSM -9.5 —15.6F —16.5% —19.4% —19.2% —20.4F —6.4 —15.3F —15.6%

* Nonresponder imputation was used for the American College of Rheumatology 20% improvement criteria (ACR20), ACR50, and ACR70, and
the last observation carried forward method was used for other measures. The ACR component scores and Clinical Disease Activity Index (CDAI)
were analyzed using 2-sided tests; the other measures shown were analyzed using 1-sided tests. Tests were not adjusted for multiple comparisons.
RA = rheumatoid arthritis; TNF = tumor necrosis factor; DAS28-CRP = Disease Activity Score in 28 joints using the C-reactive protein level;
EULAR?2S8 = European League Against Rheumatism response based on the 28-joint count; LSM = least squares mean; VAS = visual analog scale;

HAQ DI = Health Assessment Questionnaire disability index.
F P = 0.05 versus placebo.

>5% of ixekizumab-treated patients (all doses com-
bined) in either population. In the biologics-naive pop-
ulation, the most frequently reported treatment-
emergent AEs across all ixekizumab-treated patients
versus placebo, respectively, were headache (4% versus
11%) and urinary tract infection (UTT) (5% versus 7%).
The most frequently reported treatment-emergent AEs
in the patients with an inadequate response to TNF
inhibitors treated with ixekizumab versus placebo, re-
spectively, were injection-site pain (11% versus 5%),
injection-site erythema (7% versus 3%), headache (7%
versus 8%), and UTI (7% versus 3%). Five patients in
the biologics-naive population discontinued the study
due to an AE (peripheral edema [placebo], ischemic
stroke [placebo], leukopenia [3 mg], furuncle [30 mg],
and serum sickness—like reaction [180 mg]). Six patients
with an inadequate response to TNF inhibitors discon-
tinued due to an AE (2 patients due to RA exacerbation
[180 mg], and 1 patient each due to atrial fibrillation
[80 mg], femoral neck fracture [80 mg], urticaria [80 mg],
and ischemic stroke [180 mg]).

No patients in either population died during the
12-week study period. In the biologics-naive population,
serious AEs (SAEs) occurred in 1 patient (2%) in the
placebo group who had an ischemic stroke, and in 7
patients (3%) treated with ixekizumab as follows: aortic
aneurysm (10 mg); anxiety (30 mg); chest pain and
dyspnea, without evidence of myocardial injury or isch-
emia (80 mg); acute vestibular syndrome (80 mg);
ischemic stroke (80 mg); systemic inflammatory re-
sponse syndrome and hypoesthesia (80 mg); and serum
sickness-like reaction (180 mg).

In the population of patients with an inadequate
response to TNF inhibitors, SAEs occurred in 1 patient
(2%) in the placebo group (vertebra dislocation) and in
11 patients (9%) treated with ixekizumab. In the 80-mg
group, SAEs occurred in 5 patients as follows (n = 1 for
each event): pneumonia; appendicitis; empyema (subcu-
taneous abscess that was coded as empyema) and a
femoral neck fracture (experienced by the same patient
at different times); atrial fibrillation; and device disloca-
tion (hip prosthesis). In the 180-mg group, the SAEs
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Table 3. Summary of adverse events and adverse events of special interest™

RA patients with an inadequate response

Biologics-naive RA patients to TNF inhibitors

Ixekizumab Ixekizumab
Placebo 3 mg 10 mg 30 mg 80mg 180 mg All doses Placebo 80mg 180 mg All doses
m=54) (n=40) n=35) n=37) (n=57) (n=137) (n=206) (n=064) (n=065 (n=259) (n=124)
SAEsf 1(2) 0(0) 1(3) 1(3) 4(7) 1(3) 7(3) 1(2) 5(8)% 6(10)  11(9)
Treatment-emergent AEs ~ 27(50) 20 (50) 19(54) 22(60) 34(60) 21(57) 116(56) 40(63) 41(63) 38(64) 79 (64)
Treatment-emergent AEs
in =5% of
patients (all doses)
Injection-site pain 1(2) 1(3) 13) 1(3) 2(4) 2(5) 7(3) 3(5) 6(9) 7(12) 13 (11)
Headache 6 (11) 0(0) 4 (11) 2(5) 2(4) 1(3) 9(4) 5(8) 6(9) 2(3) 8(7)
UTI 4(7) 1(3) 2(6) 3(8) 2(4) 2(5) 10 (5) 2(3) 4 (6) 4(7) 8(7)
Injection-site erythema 0(0) 2(5) 0(0) 0(0) 0(0) 0(0) 2(1) 2(3) 3(5) 509 8(7)
URI 0(0) 1(3) 0(0) 3(8) 2(4) 2(5) 8(4) 4(6) 3(5) 4(7) 7(6)
Exacerbation of RA 1(2) 1(3) 2(6) 2(5) 2(4) 0(0) 7(3) 2(3) 3(5) 4(7) 7 (6)
Selected AEs of special
interest and abnormal
laboratory results
Infections 10 (19) 8(20) 7(20) 11(30) 15(26) 10(27) 51(25) 16(25) 20(31) 14(24) 34(27)
Injection-site reaction 1(2) 4 (10) 13) 1(3) 3(5) 3(8) 12 (6) 5(8) 11(17) 15(25) 27(22)
Allergic/hypersensitivity 0(0) 1(3) 0(0) 3(8) 6 (11) 2(5) 12 (6) 2(3) 4(6) 2(3) 6(5)
reaction§
Neutropenia¥ # 0(0) 1(3) 0 (0) 1(3) 2(4) 0(0) 4(2) 0(0) 0(0) 0(0) 0(0)
Elevated ALT# 2(4) 1(3) 0(0) 0(0) 2(4) 0(0) 3(2) 0(0) 0(0) 0(0) 0(0)
Elevated AST# 1(2) 0(0) 0 (0) 0(0) 1(2) 0(0) 1(1) 0(0) 0(0) 0(0) 0(0)

* Values are the number (%). RA = rheumatoid arthritis; TNF = tumor necrosis factor; UTI = urinary tract infection; URI = upper respiratory
infection; ALT = alanine aminotransferase; AST = aspartate aminotransferase.

T See Results for most frequently reported serious adverse events (SAEs).

F One patient from South Asia with preexisting diabetes mellitus developed a foot abscess and then systemic inflammatory response syndrome at
the end of the dosing period. Subsequent to discontinuation from dosing, this patient also had an episode each of cellulitis, sepsis, and strongyloides
infection, which were successfully treated.

§ Allergic reactions were distinct from injection-site reactions and were selected reported terms consistent with hypersensitivity, with reference to
the Medical Dictionary for Regulatory Activities Standard Medical Queries for anaphylactic reaction, angioedema, and severe cutaneous adverse
reaction.

1 Includes only patients with at least 1 postbaseline measurement. One patient had grade 2 neutropenia at baseline.

# Includes only patients with laboratory values that were Common Terminology Criteria for Adverse Events grade 2 or higher postbaseline.

occurred in 6 patients as follows (n = 1 for each event):
anemia and Whipple’s disease (both in 1 patient who
had arthropathy associated with Whipple’s disease and
was misclassified as having RA at study entry); appen-
dicitis; ischemic stroke; breast cancer; uterine leiomy-
oma; and atrial fibrillation, mitral valve incompetence,
and congestive heart failure (reported as 3 events in the
same patient). No mycobacterial or invasive fungal
infections were observed in either population.

AEs categorized as systemic allergic/
hypersensitivity events occurred in 0 patients in the
placebo group and 12 ixekizumab-treated patients (6%)
in the biologics-naive population, and in 2 patients (3%)
in the placebo group and 6 ixekizumab-treated patients
(5%) in the population with an inadequate response to
TNF inhibitors. One of these events was an SAE re-
ported as a serum sickness-like reaction experienced by

a patient in the biologics-naive population (180 mg) that
led to discontinuation. All other allergic reactions were
mild or moderate in severity, with none leading to
discontinuation.

In the biologics-naive population, injection-site
reactions were observed in 1 patient (2%) in the placebo
group and 12 ixekizumab-treated patients (6%). Of
these reactions, most were localized pain (Table 3). In
the population with an inadequate response to TNF
inhibitors, injection-site reactions occurred in 5 patients
(8%) in the placebo group and 27 ixekizumab-treated
patients (22%). The most common reactions were local-
ized pain and erythema.

Common Terminology Criteria for Adverse
Events (CTCAE) grade 2 neutropenia (<1,500-1,000
cells/mm?) was observed in 0 patients given placebo and
4 ixekizumab-treated patients in the biologics-naive pop-
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ulation: 1 patient in the 3-mg group, 1 in the 30-mg
group, and 2 in the 80-mg group (15). There were no
grade 3 or 4 neutropenias observed at any dose in the
biologics-naive population, and the lowest neutrophil
count observed was 1,180 cells/mm® in a patient who
received the 3-mg ixekizumab dose (baseline 2,270 cells/
mm?). No grade 2 or higher neutropenia was observed in
the population with an inadequate response to TNF
inhibitors. In the biologics-naive population, mean ab-
solute neutrophil counts decreased from baseline to
week 12 by 11% to 17% in the ixekizumab groups. These
differences were statistically significant compared with
placebo (P < 0.05). However, in the population with an
inadequate response to TNF inhibitors, the decreases
from baseline in mean absolute neutrophil counts at
week 12 were 4-5% in the 2 ixekizumab groups, which
were not statistically different from that seen in the
placebo group (3% increase). No statistically significant
changes in total lymphocyte counts were observed in
either population.

Only 1 patient in the biologics-naive population
(in the placebo group) showed transient CTCAE grade
3 ALT and AST elevations (>5.0-20.0 X ULN) (18).
There was no concomitant elevation of serum alkaline
phosphatase or serum total bilirubin levels in this pa-
tient. No grade 3 ALT or AST elevations were observed
in the population with an inadequate response to TNF
inhibitors.

During this 12-week study period, in the bio-
logics-naive population, a neoplasm was reported in 1
patient receiving placebo (uterine leiomyoma) and 1
patient in the 3-mg ixekizumab group (breast cancer). In
the first patient, time to onset of the neoplasm after
randomization was <30 days, and in the second patient
it was ~8 months following treatment initiation and 5.5
months after the last dose (3-mg group). In the popula-
tion of patients with an inadequate response to TNF
inhibitors, neoplasms were reported in 5 patients, in-
cluding transitional cell carcinoma of the bladder (80
mg), soft tissue neoplasm (80 mg), breast cancer (180
mg), melanocytic nevus (180 mg), and uterine leiomy-
oma (180 mg). The patient with breast cancer in the
population with an inadequate response to TNF inhibi-
tors had a mammogram at screening revealing “asym-
metrical nodular mass-like densities” considered stable
when compared to earlier mammograms, and “benign
calcifications” in both breasts. Time to onset of these
neoplasms was <80 days in 1 patient (breast cancer),
<60 days in 1 patient (bladder transitional cell carci-
noma), and <30 days in 3 patients (soft tissue neoplasm,
melanocytic nevus, and uterine leiomyoma).

DISCUSSION

This phase II study met its primary objective,
because a statistically significant dose-response relation-
ship (measured by ACR20 response rates at week 12),
was detected in biologics-naive RA patients, using a
logistic regression model defined a priori, although a
linear dose-response was not visually apparent. A con-
tinuous measure of disease activity, the DAS28, was also
evaluated. As shown in Figures 2 and 3, DAS28-CRP
reductions were observed across most dose groups in
both populations, with greater decreases in the DAS28-
CRP seen with increases in dose. Since the DAS2S is a
composite score that includes the CRP level (which also
decreased with ixekizumab treatment in both popula-
tions), the possibility that DAS28 findings were predom-
inantly driven by decreases in the CRP level was consid-
ered. Similar to the observed DAS28-CRP responses,
results obtained using the CDALI (a simplified, continu-
ous measure that does not include acute-phase reac-
tants, the CRP, or the ESR) validated the efficacy of
ixekizumab. For both biologics-naive patients and pa-
tients with an inadequate response to TNF inhibitors,
ixekizumab reduced disease activity in a dose-dependent
manner as measured by the CDAI, suggesting that CRP
decreases alone did not explain the improvements in the
DAS28 seen with ixekizumab treatment.

Other antibodies that target IL-17 signaling, such
as secukinumab and brodalumab, have been studied as
potential RA treatments. Like ixekizumab, secukinumab
is an anti-IL-17A monoclonal antibody, although it
utilizes an IgG1 Fc region. In a proof-of-concept trial,
secukinumab treatment resulted in significant differ-
ences from placebo at week 6, which were maintained
through week 16 (19). The results of a phase 1Ib study of
secukinumab in predominantly biologics-naive RA pa-
tients have recently been published (20). In contrast to
the efficacy seen in the current phase IIb study with
ixekizumab in both the biologics-naive RA patients and
RA patients with an inadequate response to TNF inhib-
itors, in a study of patients receiving secukinumab the
primary end point (ACR20 response rate) was not met,
although improvements were observed at the higher
doses in many parameters, including the CRP (20).
Brodalumab, a monoclonal antibody directed against the
IL-17 receptor, showed no evidence of clinical efficacy in
RA patients (21). However, unlike secukinumab and
ixekizumab, brodalumab treatment had no meaningful
effect on CRP levels. Although it is not known why the
efficacy findings with brodalumab differ from those with
the anti-IL-17A antibodies, it is possible that the broda-
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lumab doses tested did not result in a complete blockade
of IL-17 signaling in involved tissue in the RA patients,
since there was no statistically significant effect on CRP
levels.

Ixekizumab safety was studied throughout 12
weeks of treatment. The most frequently reported
treatment-emergent AEs were UTI, headache, and up-
per respiratory tract infection in biologics-naive patients,
and injection-site pain, headache, and UTTI in those with
an inadequate response to TNF inhibitors. No dose-
related trends in the incidence rate or event severity
were observed in patients with these AEs. Of the SAEs,
the most notable were systemic inflammatory response
syndrome and serum sickness-like reaction. Both pa-
tients recovered with appropriate medical management.
The reasons underlying the observed difference in inci-
dence of SAEs in the patients with an inadequate
response to TNF inhibitors treated with ixekizumab
versus those treated with placebo are unclear, although
a wide variety of SAE types were reported and some
appeared to be preexisting (e.g., anemia and Whipple’s
disease in 1 patient).

Similar to other subcutaneous biologic therapies
(22-25), injection-site reactions were more frequent in
patients receiving ixekizumab. None of these events was
severe in intensity or associated with treatment discon-
tinuation. Only 1 patient (in the placebo group) in the
biologics-naive population showed transient CTCAE
grade 3 ALT and AST elevations. No grade 3 ALT or
AST elevations were observed in the population of
patients with an inadequate response to TNF inhibitors.
As observed with other biologics in RA (26,27),
ixekizumab-treated patients in this study demonstrated
decreases in neutrophil count that were not seen in the
placebo group. No grade 3 or 4 neutropenia (absolute
neutrophil count <1,000/ul) was observed in either
population. Grade 2 neutropenia with ixekizumab treat-
ment was observed in 4 patients in the biologics-naive
population but was not observed in the population with
an inadequate response to TNF inhibitors, with no
obvious dose dependence. Notably, most patients en-
rolled in this study were taking concomitant MTX, which
has also been associated with decreases in the neutrophil
count (28). While concomitant therapies may have con-
tributed to these findings, the role of IL-17A inhibition
in the observed decreases in mean neutrophil counts in
these patients is unclear, since no change in mean
neutrophil counts was observed in a 12-week study of
ixekizumab in psoriasis patients (29).

As detailed in the results, the 7 neoplasms re-
ported in this study were of both benign and malignant

GENOVESE ET AL

types. Among the patients who experienced neoplasms,
the latency from onset of ixekizumab exposure to diag-
nosis of each neoplasm was short in general, there was
no clustering of neoplasms by type or by dose, and/or
confounding factors were present in addition to study
drug exposure. One confounding factor in the patients
with an inadequate response to TNF inhibitors was
previous exposure to TNF inhibitors.

As is true for many phase II studies, there were
several limitations to this trial. While statistically signif-
icant treatment responses were observed for most effi-
cacy end points at week 12, clear dose separations were
not observed in ACR scores. The continuous measures,
DAS28 and CDAI, showed more distinct dose separa-
tions. Additionally, a wider range of ixekizumab doses
was not explored in the cohort of patients with an
inadequate response to TNF inhibitors, and the study
excluded patients with refractory disease that had an
inadequate response to =5 conventional DMARD:s.
There were relatively small numbers of patients in each
population in this study. The efficacy of ixekizumab in a
larger population of biologics-naive RA patients and RA
patients with an inadequate response to TNF inhibitors
needs to be evaluated. It should be noted that tests were
not adjusted for multiplicity testing. The response rates
with ixekizumab, at least in the biologics-naive popula-
tion, were not as high as those reported earlier with
many biologics in larger studies. While many RA trials
have presented data with treatment up to 24 weeks
(5,6,30,31), this study was limited to a 12-week blinded
treatment period. It is unclear whether longer exposure
to ixekizumab would improve the degree of clinical
efficacy in either population or change the safety profile.
Additionally, differential responses to agents with dis-
tinct modes of action may reflect pathogenic heterogen-
eity in this disease.

In conclusion, in patients with RA who were
either naive to biologic agents or had an inadequate
response to TNF inhibitors, ixekizumab treatment re-
sulted in a rapid and significant improvement in clinical
signs and symptoms of RA during the 12-week treatment
period without significant safety concerns. A statistically
significant dose-response relationship as measured by
ACR20 response rates at week 12 in biologics-naive RA
patients was detected using a logistic regression model
defined a priori, although a linear dose-response was not
visually apparent. Overall, these data suggest that ixeki-
zumab may offer an alternative mode of treatment for
RA, especially among patients whose disease has failed
to respond to other treatments, including anti-TNF
agents. Recent reports suggest that inadequate response
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to TNF inhibitors in RA patients may be associated with
increased IL-17 levels (32,33). Further studies are
needed to establish the long-term safety and efficacy of
ixekizumab in the treatment of RA.
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