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Abstract IL-17 has a role in inflammation in RA, and
its levels in joints correlate with disease severity. Mul-
tiple RCTs have been performed to study effects of anti-
IL-17 agents. The objective of this study was to perform
a systematic review and meta-analysis to analyze the
efficacy and safety of anti-IL-17 agents in the manage-
ment of RA. This work is based on a systematic review
of studies retrieved by a sensitive search strategy in Pub-
Med, EMBASE and Cochrane CENTRAL from inception
through 9/7/15. Study selection criteria were the following:
adult patients (age > 18 years) with RAs, random selection
of patients for anti-IL-17 therapy and treatment response
compared to placebo. We performed systematic literature
review per PRISMA guideline and two investigators inde-
pendently selected seven randomized clinical trials (RCTs)
for meta-analysis. We used random effect model calculat-
ing odds ratio (OR) and 95 % confidence interval (CI) to
measure the efficacy with ACR20/50/70 responses and the
safety with adverse events. Seven studies with total of 1226
patients including 905 in anti-IL-17 group and 321 in pla-
cebo were included in the meta-analysis. Anti-IL-17 was
effective in achieving ACR20 and ACRS50 compared to pla-
cebo (OR 2.47, 95 % CI 1.29-4.72, P = 0.006, I 77 % and
OR 2.94, 95 % CI 1.37-6.28, P = 0.005, I* 64 %, respec-
tively). Data analysis for ACR70 showed a favorable trend
toward anti-IL-17 (OR 2.62, 95 % CI 1-6.89, P = 0.05, I?
15 %). Subgroup analysis of ACR20 for individual anti-
IL-17 agents showed that ixekizumab was more effective
than placebo, while secukinumab showed a trend toward
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achieving the ACR20 response. However, brodalumab was
not effective compared to placebo. Safety analysis did not
show increased risk of any or serious adverse effects by
anti-IL-17 compared to placebo (OR 1.23, 95 % CI 0.94—
1.61, P =0.13, > = 0 % and OR 1.28, 95 % CI 0.57-2.88,
P = 0.55, > = 0 %, respectively). This meta-analysis con-
cludes that anti-IL-17 is effective in the treatment of RA
without increased risk of any or serious adverse effects;
however, the results are limited by significant heterogeneity
and small duration of studies.

Keywords Anti-IL-17 - Rheumatoid arthritis -
Secukinumab - Ixekizumab - Brodalumab

Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune and
inflammatory disease affecting almost 1 % of adults world-
wide [1]. It causes synovitis and cartilage damage which
result in joint destruction and significant deformity. T cell
activation leading to cytokine release is the pathophysiol-
ogy of inflammation and tissue destruction. Thl-derived
cytokines were initially thought to be a major player of tis-
sue destruction in RA. However, a recent identification of a
subset of CD4™ T helper cells has focused target of therapy
beyond Th1/Th2 paradigm. This subset of T helper cells
called Th17 is involved in pathogenesis of a wide range of
autoimmune diseases, including RA [2, 3].

Th17 cells are derived from CD4™" cells after stimulation
by TGF-f and IL-6 [2, 4, 5]. They produce IL-17A, IL-17F,
IL-22, IL-26 and the chemokine CCL20 [5]. IL-17 is a pro-
inflammatory cytokine [6] believed to be involved in both
induction and expansion of a cytokine cascade in RA [7].
This ultimately results in initiation as well as amplification
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of joint destruction. Role of IL-17 in inflammatory arthri-
tis has been tested in animal studies [8, 9]. These studies
have shown association of Th17 and IL-17 levels with tis-
sue and joint inflammation. A recent study found marked
suppression of collagen-induced arthritis in IL-17-deficient
mice [9]. Additionally, IL-17 blockage has shown to reduce
inflammation and bone erosions [10]. Moreover, there is a
lack of response to anti-TNF agents in patients with high
baseline Th17 cell levels [11]. IL-17 is present in high con-
centration in synovial fluid of patients with arthritis [12,
13]. And increased concentration of IL-17A in synovial
fluid is a marker of disease severity in RA [14-16]. Also,
blockade of IL-17A can inhibit osteoclast activity in syno-
vial tissue.

ACR 2012 guideline recommends conventional
DMARDs, either alone or in combination as a first-line
therapy for newly diagnosed cases of RA [17]. However,
remission is achieved with DMARDs in 30-40 % cases
only [18]. Recent advancement and identification of media-
tors of chronic inflammation in RA has shifted treatment
focus to novel biological agents. Currently available bio-
logics target monocyte derived pro-inflammatory cytokines
including TNF, IL-1B or IL-6. However, 30 % of patients
with TNF inhibitors have suboptimal response leading
to further tissue damage [5, 18, 19] implicating a need
to explore therapeutic options targeting IL-17 and other
cytokines beyond current biologics.

Human trials have confirmed effectiveness of anti-
IL-17 agents in treatment of some chronic inflammatory
conditions [20, 21]. RCTs of anti-IL-17 therapy, how-
ever, have shown mixed results. To define the role of
this novel therapeutic agent in the treatment of RA and
explore its safety, we performed a systematic review and
meta-analysis.

Methods
Data sources and search strategy

We searched electronic database of MEDLINE, EMBASE
and Cochrane CENTRAL Register for Clinical Trials for
publications from inception through September 2015 with
search terms “Anti IL-17” OR “Interleukin 17 OR “IL-
17 inhibitor” OR “Interleukin 17 inhibitor” OR “Secuki-
numab” OR “Ixekizumab” OR “Brodalumab” AND
“Rheumatoid Arthritis” OR “RA” OR “arthritis” AND
“Randomized Controlled Trial” OR “Randomly” OR
“Randomized” OR “Controlled Clinical Trial” OR “Com-
parative Study.” Search strategy was designed by primary
investigator (S.K.) and did not include MeSH terms. Search
strategy, study selection and meta-analysis were guided by
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Fig. 1 Flow diagram for study selection

a written study protocol. Two investigators (S.K. and S.S.)
independently performed the database search and agreed
on final study selection. A manual search was performed
for relevant references from the selected articles and pub-
lished reviews.

Study selection

We included randomized placebo-controlled trials compar-
ing all available anti-IL-17 agents to placebo in treatment
of RA in adult population (age >18 years). We excluded
abstracts without full text publications, nonrandomized
designs and studies with pediatric patients and animals.
Also excluded were abstracts of annual scientific meetings
as our protocol prespecified inclusion of full text publica-
tions only.
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Table 1 Patient characteristics at baseline

First author (yr) Age (yr) Sex (M/F) BMI Disease duration  DAS28 Tender joint count Swollen joint
(yr) count
Burmester (2015) D:49.5(11.4) D:20/48 N/A D:6.0(7.1) D: 6.1 (1.00)%* D:16.9 (6.8) D: 12.3(5.8)
P: 54.5 (10.3) P: 7/25 P:6.5(7.4) P: 6.2 (0.89)* P:18.1(5.9) P:12.4 (5.6)
Genovese (2014) D: 53 (10.8) D:49/281 D:28.2(7.4) D:8.9(8) D: 5.87* D: 15.98 D: 12.6
P: 53 (9.95) P: 16/102  P:28.08 (7.6) P:8.1(6.3) P:5.9* P: 15.68 P: 122
Genovese (Part B) D:57.6 (9.4) D: 9/50 D: 25.7 (4.2) D: 9.14 (10.0) D: 5.93(0.8) D: 16.58 (6.7) D:12.6(5.2)
(2010) P:54.4(9.7) P: 0/18 P: 26.6 (4.5) P:6.5(5.7) P: 6.1(0.7) P: 18.2 (4.7) P: 129 (4.2)
Genovese (Part A) D:54.35(12.2) D:6/10 D: 26.0 (4.5) D: 10.4 (8.7) N/A N/A N/A
(2010) P:41.3 (13.8) P:1/3 P:27.8 (3.4) P:7.7(5.7)
Genovese (2013) D:54.9(10.8) D:38/149 D:27.55(5.8) D:7.3(7.3) D: 6.4 (0.8)° D: 14.41 (6.25) D: 11.1(4.8)
P: 55 (10.5) P: 16/34 P:2745(5.2) P:6.8(6.5) D: 5.7 (0.9)* P: 14.5(6.3) P:10.7 4.2)
P: 6.3 (0.7)°
P: 5.6 (0.7)*
Hueber (2010) D:49.9 (8.5) D: 7/19 D: 28.5(6.7) D: 3.9 (1-20)° D: 6.5(5.7) N/A N/A
P:49.8 (15.2) P: 6/20 P:28.1 (5.6) P: 2.9 (1-37)¢ P: 7.4(8.8)
Martin (2013) D: 51 (10) D: 5/25 D: 30 (7) N/A D:5.58 (1.26) D:34(21) D: 18 (11)
P: 53 (10) P: 1/9 P: 32 (7) P:5.54(1.2) P: 26 (15) P: 17 (12)
Pavelka (2015) D:53.3(10.3) D:40/149 D:28(5.7) D:7.46 (7) D:6.4(0.76) D:24.3(13) D: 13.7(5.7)
P:51(12) P: 12/51 P: 27(5) P:8.1(7.9) P: 6.5 (0.8) P: 27 (15) P: 14 (7)

Values are mean (SD). Yr years, D drug (anti-IL-17), P placebo, N/A not available, M male, F female, BMI body mass index, DAS28 Disease

Activity Score of 28 joints
# DAS28 calculated with CRP
® DAS28 calculated with ESR

¢ Values in median

Data extraction

Two authors (S.K. and S.S.) extracted data from the
selected studies in duplicate using standardized data extrac-
tion table. Data were extracted on study characteristics
(number of patients, study design, study location, name of
the drug with dosing route and frequency, follow-up dura-
tion, inclusion/exclusion criteria, primary and secondary
endpoints), patient characteristics [age, sex, body mass
index (BMI), disease duration, disease severity at baseline,
efficacy (ACR20/50/70 response) and adverse effects],
ACR 20/50/70 responders and adverse events. The studies
measured baseline severity with CRP, ESR, Disease Activ-
ity Score of 28 joints (DAS28), tender and swollen joint
counts, Patient’s and Physician’s Global Assessment of dis-
ease activity and Health Assessment Questionnaire Disabil-
ity Index (HAQ-DI).

Individual studies provided data under different sub-
groups (different doses) for the agent studied. We com-
bined data from all subgroups from each study to get the
final mean and SD for each baseline characteristics. For
outcome analysis, total numbers of patients with specific
outcomes were simply added together.

We extracted data for safety analysis from any or seri-
ous adverse events as well as the individual adverse events.
They were reported only if occurred in more than 3-5 %

of patients. Any fatal or life-threatening adverse events or
events requiring (or prolonging) hospitalization or causing
substantial disability or congenital anomaly were consid-
ered to be serious adverse effects. Serious adverse effects
also included events that were considered by the investiga-
tors as medically important.

Major outcomes

The efficacy outcomes were measured with ACR20/50/70
response to anti-IL-17 therapy as compared to placebo,
whereas the composite and individual adverse events
including infections, headache, Gl-related side effects, neu-
tropenia, leukopenia, RA flare up and drug discontinuation
were the safety outcomes.

Statistical analysis

We performed the meta-analysis using random effects
model with the help of Review Manager (RevMan 5.2,
Cochrane Collaboration, Nordic Cochrane Center, Copen-
hagen, Denmark) for statistical analyses. Categorical vari-
ables were pooled as odds ratio (OR) with 95 % confidence
interval (CI). Crude events from each study were used to
calculate odds ratio with 95 % confidence intervals when
appropriate. The P value <0.05 (2 tailed) was considered
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IL17 inhibitors

Control

Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

1 ACR20 responders
Burmester et al, 2015 (Secukinumab) a9 63 8 32 132% 19.67 [6.79, 57.00] I —
Genovese et al, 2010 {lxekizumah) 46 a4 10 18 128% 2.83[0.93, 863 e —
Genovese et al, 2013 (Secukinumak) a3 186 18 a0 17.0% 1.43[0.75, 2.73] T
Genovese et al, 2014 (xekizumah) 157 330 34 118 1896% 2.241.43 353 =
Hueber et al, 2010 {Secukinumah) 14 26 g 26 126% 263[0.84,817] T
Martin et al, 2013 {Brodalurmak) 11 30 2 9 83% 2.03[0.36,11.52) e
Pevelka et al, 2015 (Brodalumakh) 7 179 27 60 17.5% 0.92 [0.51, 1.66] —
Subtotal (95% CI) 878 313 100.0% 2.47[1.29,4.72] S
Total events 447 107
Heterogeneity: Tau®= 0.53; Chi*= 26.25, df= 6 (P = 0.0002); F=77%
Testfor overall effect Z=2.73 (P = 0.006)

2 ACR50 responders
Burmester et al, 2015 (Secukinumah) a0 6a 5] 32 184% 12.04 [4.26, 34.00] I —
Genovese etal, 2010 (xekizumah) 23 549 3 18 1449% 3.19[0.83,12.27] T
Genovese et al, 2013 (Secukinumak) 33 186 3 a0 16.2% 3.38([0.99 11.52] |
Genovese etal, 2014 (xekizumah) 76 330 10 118 227% 3.23[1.61,6.49) —
Martin et al, 2013 (Brodalumak) 2 30 1 9  BE% 0.57 [0.05,7.14]
Pevelka et al, 2015 (Brodalumab) 26 189 g 63 208% 1.10[0.47, 2.56] .
Subtotal (95% CI) 862 290 100.0% 2.94[1.37,6.28] -
Total events 210 kil
Heterogeneity: Tau®*= 0.53, Chi*=14.02, df= 5 {P = 0.02); F= 64%
Testfor overall effect 2= 2.78 (P = 0.005)

3 ACR70 responders
Genovese et al, 2010 (xekizumah) 14 549 1 18 185% 5.29 [0.65, 43.37] I e —
Genovese et al, 2013 (Secukinumak) ] 186 1] a0 106% 5.41[0.31, 94.48]
Genovese etal, 2014 (xekizumah) 29 330 3118 449% 3.69[1.10,12.36] ——
Martin et al, 2013 (Brodalumak) a 30 1] 9 Mot estimahble
Pevelka et al, 2015 (Brodalumab) 4 189 2 63 26.0% 0.66[0.12, 3.69] i E—
Subtotal (95% Cl) 794 258 100.0% 2.62[1.00, 6.89] |~
Total events 56 B

Heterogeneity: Tau®= 0,16, Chi*= 3.95, df=3 (P=0.31), F=15%
Testfor overall effect: £=1.96 (P = 0.05)

0.01 0.1 10 100
Favors control Favors IL 17 inhibitors

Fig. 2 Meta-analysis of anti-IL-17 versus placebo on ACR20/50/70 response. CI confidence interval, df degree of freedom

statistically significant. Study heterogeneity was evaluated
by Cochrane’s Q and I index. We used Cochrane Collabo-
rations’s tool for assessing risk of bias in individual studies
which showed mostly unclear risk of bias.

Results
Description of individual studies

We retrieved 244 citations from electronic database and
manual searches as shown in Fig. 1. After duplicate arti-
cles were removed, 226 were assessed for eligibility. We
reviewed 25 citations for full text articles. Nine full text
articles were then included for final review. Two studies
were further excluded as they were not placebo controlled
[22, 23]. Seven studies met eligibility criteria and were
included in final analysis [1, 24-29]. One included study
had two groups: group A was analyzed for safety outcome
only, and group B was analyzed for both safety and effi-
cacy outcomes [29]. Groups A and B were both included

in meta-analysis for safety and safety/efficacy analysis,
respectively.

There were total of 1226 patients in 7 included studies.
A total of 905 patients were in anti-IL-17 group and 321
patients in placebo. Efficacy analysis was done on 1204
patients (888 in anti-IL-17 group and 316 in placebo).
Safety analysis, however, was done for all 1226 patients.
There were totally 233 (19 %) male and 993 (81 %) female
patients with similar male/female distribution (anti-IL-17
group: male 19.2 % and female 80.8 %, placebo group:
male 18.4 % and female 81.6 %). Baseline characteristics
in all the studies were comparable in both groups. Patient
and study characteristics in individual studies are shown in
Tables 1 and 2, respectively.

Most of the studies included active RA as defined by
American College of Rheumatology Criteria (diagnosed
more than 3-6 months prior to screening). Active RA
was defined by >6 swollen joints, >6 tender joints (>8
tender joints in 2 studies) [1, 26] and CRP > 15 mg/l or
ESR > 28 mm/h. Inclusion criteria in the studies were
adults >18 years with active RA and requirement of a

@ Springer



1070 Rheumatol Int (2016) 36:1065-1075
IL17 inhibitors Control 0Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1 Any adverse events
Burmester et al, 2015 (Secukinumah) 24 68 7 32 T.7% 1.95[0.74, 5.16] =
Genovese et al, 20100 {xekizumak) 26 a9 3 18  4.0% 3.941.03,15.07] —
Genovese et al, 2013 (Secukinumah) 103 187 29 50 18.3% 0.89 [0.47 1.67] —
Genovese et al, 2014 (lxekizumah) 195 330 67 118 403% 1.10[0.72,1.68] ——
Hueber etal, 2010 {Secukinumah) 21 26 17 26 45% 222063, 7.89] N e —
Martin et al, 2013 {Brodalumah) 23 30 7 10 29% 1.41[0.29, 6.94] I—
Fevelka et al, 2015 (Brodalumaln) 104 189 32 63 22.3% 1.19 [0.67, 2.10] -
Subtotal (95% CI) 889 317 100.0% 1.23[0.94, 1.61] »
Total events 496 162
Heterogeneity: Tau®= 0.00; Chi*= 593, df=6{P=043);F=0%
Testfor averall effect: Z=1.50(FP=0.13)

2 Serious adverse events
Burmester et al, 2015 (Secukinumah) 2 68 0 32 T.0% 2.441[0.11,52.39]
Genovese etal, 2010 (xekizumah) 1] 16 a 4 Mot estimahble
Genovese et al, 2010b (kekizumah) 1 a9 i} 18 6.3% 0.95[0.04, 24.30]
Genovese etal, 2013 (Secukinumak) 5 187 1 a0 14.0% 1.35[0.15,11.79]
Genovese etal, 2014 (lxekizumah) 18 330 2 M8 30.2% 3.35([0.76, 14.65) -
Hueberetal, 2010 {Secukinumah) 1 26 2 26 108% 0.48 [0.04, 5.65]
Martin et al, 2013 {Brodalumah) 1 30 1 10 8.0% 0.31[0.02, 5.48]
Pevelka et al, 2015 (Brodalumaky) 5 189 2 B3 237% 0.83[0.16, 4.38] I —
Subtotal (95% CI) 905 321 100.0% 1.28[0.57, 2.88] -
Total events 33 8
Heterogeneity: Tau?= 0.00; Chi*= 3.73, df =B (P=071); F=0%
Testfor averall effect: Z= 0,60 (P = 0.55)

3 Drug discontinuation due to adverse events
Burmester et al, 2015 (Secukinumah) 0 68 0 32 Mot estimahle
Genovese etal, 2010 (lxekizumah) 3 16 i] 4 97% 2.33[0.10,54.42]
Genovese et al, 2010b {Ixekizumah) 4 549 0 18 10.7% 3.00([0.15, 58.40]
Genovese etal, 2013 (Secukinumaky) ] 187 1 a0 19.2% 2.48([0.31,20.03] — T
Genovese etal, 2014 (lxekizumah) 2 330 2 M8 M.0% 0.35[0.05, 2.54] e
Hueber etal, 2010 {Secukinumak) 1 26 1 26 1MT7% 1.00[0.06, 16.89]
Martin et al, 2013 (Brodalumah) 6 30 1 10 171% 2.25(0.24, 21.38]
Pevelka et al, 2015 (Brodalumak) 0 189 3 63 10.7% 0.05[0.00, 0.90] +
Subtotal (95% Cl) 905 321 100.0% 0.97 [0.34, 2.74] i
Total events 25 8
Heterogeneity: Tau*= 034, Chi*=7.23, df =6 (P=0.30); F=17%
Testfor averall effect: 2= 0.07 (P = 0.95)

! } Il |
0.01 0.1 10 100

Favors IL 17 inhibitors Favors control

Fig. 3 Meta-analysis of total adverse events and drug discontinuation. C/ confidence interval, df degree of freedom

stable dose of methotrexate (7.5-25 mg/week) [1, 26, 27]
or >1 DMARDs [24, 29] (methotrexate, sulfasalazine or
hydroxychloroquine) prior to screening. Other two stud-
ies did not require but allowed methotrexate [28] and >1
DMARDs [25] (methotrexate, sulfasalazine and hydroxy-
chloroquine). Oral prednisone was allowed by most of
the studies except one [27], if was taken at a stable dose
of 10 mg or less per day starting weeks prior to screening.
Concomitant use of NSAIDs was also allowed by some.
Exclusion criteria were stage 4 RA, recent or recurrent
infection, use of prednisone at >10 mg/day, concomitant
other rheumatologic or autoimmune diseases, malignancy
and use of biological agents within 2-3 months prior to
screening. However, one study allowed participation of the
patients with prior use of biological agents after an appro-
priate washout period before randomization [28]. Another
study involved patients with inadequate response to TNF

@ Springer

inhibitors, however, did not permit use of TNF inhibitors
within 1 month (anakinra, etanercept) to 12 months (rituxi-
mab) prior to baseline [24].

Efficacy outcome

Compared to placebo, anti-IL-17 agents were more effec-
tive in achieving ACR20 response [51 vs. 34 %; odds
ratio (OR) 2.47; 95 % confidence interval (CI) 1.29-4.72;
P = 0.006; > = 77 %] and ACRS50 response [24.3 vs. 7 %;
OR 2.94; CI 1.37-6.28; P = 0.005; I> = 64 %). For ACR70
response, anti-IL agents showed a trend toward efficacy but
did not reach statistical significance [10.7 vs. 2.3 %; OR
2.62; CI 1-6.89; P = 0.05; I> = 15 %]. Because of signifi-
cant heterogeneity observed in ACR20 and ACR50 as well
as variation in effect estimates in the individual studies,
sensitivity analysis was performed by excluding one study
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IL17 inhibitors Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1 Gl related
Burmester et al, 2015 (Secukinumah) B 68 2 32 199% 1.45[0.28, 7.62] e e —
Genovese et al, 2010 (xekizumah) g 16 a 4 58% 9.00([0.42 194,37 *
Genovese et al, 2010b {lxekizumakb) a 59 a 18 Mot estimable
Genovese et al, 2013 (Secukinumal) 14 187 3 50 33.0% 1.27 [0.35, 4.60] —
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Fig. 4 Meta-analysis of adverse effects. CI confidence interval, df degree of freedom

at a time to evaluate the effect of any individual study in the
overall heterogeneity. We found that the Burmester et al.
study contributed to significant heterogeneity. Sensitivity
analyses after removal of Burmester et al. study found that
the anti-IL-17 agents were effective for both outcomes with
reduced heterogeneity: ACR20 (OR 1.7; CI 1.16-2.49;
P = 0.006; I = 31 %) and ACR50 (OR 2.2; CI 1.23-3.95;
P =0.008; > =29 %) (figures not shown).

Meta-analysis of ACR20 showed an increased response
with ixekizumab [OR 2.32; CI 1.52-3.53; > = 0 %,
P < 0.0001] (2 studies, N = 525). Similarly, secuki-
numab showed a trend toward achieving ACR20 response
[OR 4.06; CI 0.84-19.68; I = 88 %; P = 0.08] (3 stud-
ies, N = 388) and heterogeneity resolved after removing
Burmester et al. study [OR 1.66; CI 0.95-2.91; P =0 %:
P = 0.08]. However, brodalumab was not effective in
achieving ACR20 [OR 1; CI 0.57-1.75; P=0%,P=1.0]
(2 studies, N = 278).

Safety outcome

The anti-IL agents, compared to placebo, did not increase
the risks of any (56 vs. 51 %; OR 1.23; CI 0.94-1.61;
P = 0.13; > = 0 %) or serious adverse events (3.6 vs.
2.5 %; OR 1.28; CI 0.57-2.88; P = 0.55; I> = 0 %) or
treatment discontinuation (3 vs. 2.5 %; OR 0.97; CI 0.34—
2.74; P =0.95; > = 17 %; Fig. 3).

A total of 21.6 and 16.5 % reported infections in anti-
IL-17 and placebo group, respectively. In the analysis of indi-
vidual adverse events, anti-IL agents had significant increase
in the risk of infections (OR 1.44; CI 1.01-2.04; P = 0.04;
E=0 %), reduced the risk of headache (OR 0.52; CI 0.30-
0.92; P = 0.03; P=0 %) and had no effect on leukopenia
(OR 2.64; CI1 0.48-14.58; P = 0.27, =0 %), neutropenia
(OR 2.16; C1 0.67-6.90; P = 0.2; I = 0 %), UTI (OR 1.28;
C10.57-2.88; P=0.55; =0 %), URI/nasopharyngitis (OR
1.76; C1 0.88-3.50;: P=0.11; > =0 %), Gl-related adverse
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Fig. 5 Meta-analysis of adverse effects. CI confidence interval, df degree of freedom

events (OR 1.35; CI 0.64-2.82; P = 0.43; E=0 %) and
RA flare up (OR 0.87; CI 0.44-1.73; P = 0.69; P =0 %) as
shown in Figs. 4 and 5. One patient (0.1 %) died in treatment
group secondary to cardiopulmonary failure. There was no
fatality in placebo group.

Serious adverse events are shown in Table 3. DVT was
reported in 4 patients in anti-IL-17 group, and all other
serious events were reported in 2 or less patients. Because
of the small number of occurrence of individual serious
adverse events, we did not perform subgroup analysis. In
one study, six cases of neoplasms (two breast cancers and
each of TCC of bladder, soft tissue neoplasm, melano-
cytic nevus, uterine leiomyoma) were reported in treatment
group and 1 (uterine leiomyoma) in placebo [24]. These
neoplasms were identified in less than 80 days except 1
case of breast cancer which was diagnosed 5.5 months
after the last dose of anti-IL-17. Because these neoplasms
were diagnosed within short period of time from exposure

@ Springer

to anti-IL-17, it is less likely to have any causal relation-
ship. Antidrug antibody was reported by three studies;
however, there were no neutralizing antibodies [1, 26, 29].
Allergy and hypersensitivity were reported by two studies
(anti-IL-17 and placebo) with two cases of type three reac-
tion [24, 29]. One patient in anti-IL-17 group developed
serum sickness, leading to discontinuation of the drug.
All other cases were mild to moderate without need for
discontinuation.

Discussion

This meta-analysis showed the superiority of anti-IL-17
therapy in achieving target of ACR20 and ACR50 and
a trend toward ACR70 with acceptable safety profile in
short-term follow-up compared to placebo. There were
no increased risks of any adverse events, serious adverse
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Table 3 Serious adverse effects

Study (first author, yr) Serious AE, anti-IL-17 (n) Serious AE, placebo (1)

Burmester (secukinumab) (2015)
Genovese (ixekizumab) (2014)

2 (Ulcerative necrotizing vasculitis, serous papillary cystadenoma) 0

18 (AA, anxiety, CP/dyspnea without MI or ischemia, acute vestibular
syndrome, ischemic stroke-2, SIRS and hypoesthesia, serum sickness like
reaction, pneumonia, appendicitis-2, subcutaneous abscess/femoral neck
fracture?, Afib, hip prosthetic dislocation, anemia/Whipple disease®, breast
Ca, uterine leiomyoma, Afib/mitral valve incompetence/CHF)

2 (Ischemic stroke,
vertebral dislocation)

Genovese (LY2439821) (2010)
Genovese (secukinumab) (2013)

1 (Skin ulcer requiring hospitalization) 0

5 (MI-1, 4 = DVT, cholecystitis, pyelonephritis, preplanned surgery for 1 (Vertebral fracture)

coxarthrosis)
Hueber (AIN457) (2010)
tion)
Martin (brodalumab) (2013) 1 (GERD/noncardiac chest pain)

Pavelka (brodalumab) (2015)

1 (Laryngeal abscess due to RA of cricoarytenoid joint after study termina-

5 (Fatal 1) (blepharitis, death from cardio pulmonary failure, lumbar vertebral
fracture, thrombosis, suicide attempt)

2 (ILD, brachial plexopathy)

1 (Complicated migraine)
2 (Tibial fracture, RA flare)

n number of patients with serious adverse events, AE adverse events, /L interleukin, AA aortic aneurysm, CP chest pain, MI myocardial infarc-
tion, SIRS systemic inflammatory response syndrome, Afib atrial fibrillation, Ca cancer, CHF congestive heart failure, DVT deep vein thrombo-

sis, GERD gastroesophageal reflux disease, /LD interstitial lung disease

* Subcutaneous abscess and femoral neck fracture are in the same patient at 2 different times

® Patient with arthropathy and Whipple’s disease is misclassified as RA at study entry

¢ Afib, mitral valve incompetence and CHF are reported as 3 events in same patient

events, drug discontinuation, leukopenia, neutropenia or
RA flare up. However, anti-IL-17 increased the risk of
infection and decreased the incidence of headache.

Meta-analysis of ACR20 and ACRS50 showed significant
heterogeneity, so the result should be viewed with caution.
The heterogeneity in summary estimate was due to a sin-
gle study, Burmester et al., which was likely due to a racial
variation in patient selection (Russian—63 %) and high
seropositivity (83 %) compared to other studies. Subgroup
analysis by Burmester et al. showed much larger treatment
differences between secukinumab and placebo in Russian
subjects and the patients with seropositivity. DAS28-CRP
least-squares mean (SEM) change from baseline was —2.32
(0.3) (P <0.0001) and —0.38 (0.45) (P = 0.40) for Russian
and EU/USA subgroups and —2.05 (0.28) (P < 0.0001) and
0.06 (0.60) (P = 0.92) for seropositive and seronegative
subjects, respectively.

Currently available biologics are not effective enough
to achieve remission in around one-third of the patients
[18, 19]. Multiple randomized controlled trails have
been done or are underway to explore newer biologi-
cal agents based on newly identified cytokines and their
transducers [30, 31]. Recent studies have shown effect
of anti-IL-17 agents in treatment of chronic plaque pso-
riasis [20, 21], psoriatic arthritis [32] and other immune-
mediated inflammatory diseases [33]. RCTs also have
shown effectiveness of anti-IL-17 in RA patients [24, 28,
29]. A phase 2 trial of secukinumab in RA patients by
Genovese et al. [22] showed improved clinical endpoints
(ACR response and DAS28-CRP) at week 16 which

sustained through week 52. Improved clinical endpoints
have been studied and found to have association with
patient-reported outcomes (PROs). A study by Strand
et al. [23] found clinically meaningful improvement in
physical function, fatigue and health-related quality of
life (HRQoL) even from a small benefit in clinical end-
point (ACR20/50/70). Interestingly, this improvement in
PRO was incremental when achieving higher threshold of
clinical endpoint with anti-IL-17.

Despite its significant benefit in psoriatic arthritis and
animal studies, some human studies did not show mean-
ingful improvement from anti-IL-17 therapy in RA [1].
Koenders et al. [34] studied anti-IL-17 therapy in SCID
mouse model which showed treatment response only to
mice with CD3" (source of IL-17)-rich synovium. Similar
finding was observed by van Baarsen et al. [35] showing
heterogenous expression patterns of IL-17A, IL-17F and
their receptors. Limitation in clinical response has been
suggested by low levels of IL-17 at the site of inflamma-
tion. Both studies proposed preselection based on IL-17
expression for maximum therapeutic effect.

The current meta-analysis showed improved
ACR20/50/70 response with reasonable safety profile
(Figs. 2, 3, 4, 5) pointing to a possible and exciting role of
anti-IL 17 agents in the treatment of RA. The roles of these
agents should be further elucidated by larger RCTs. In our
analysis, we found a clear role of secukinumab and ixeki-
zumab but not brodalumab, but because of limited number
to perform subgroup analyses on the individual drug, we
did not report the results.
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This meta-analysis concludes that anti-IL-17 therapy
is effective in treatment of active RA (stages 1, 2, 3) with
small increment in infections. Larger RCTs are, however,
needed to further analyze the efficacy and long-term safety
of this interesting novel agent.

The major limitations of this meta-analysis are lim-
ited number of studies, small sample size, variable doses
of anti-IL-17 agents and inability to analyze efficacy on
Disease Activity Score as well as individual set compo-
nents of ACR20 (due to insufficient data). Also, long-term
safety data were not available due to short duration of fol-
low-up. Significant heterogeneity was observed in ACR20
and ACR50 which was further explored with sensitivity
analysis. Nevertheless, this meta-analysis is strengthened
by inclusion of all available randomized trials on the role
of these interesting agents in the management of RA and
the absence of detectable heterogeneity in most of the
outcomes.
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