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Abstract

Objective: This study aimed to assess the relative efficacy and safety of olokizumab at
different dosages in patients with active rheumatoid arthritis (RA).
Methods:We performed a Bayesian network meta-analysis to combine direct and
indirect evidence from randomized controlled trials (RCTs) to examine the efficacy and
safety of olokizumab administered intravenously to RA patients at 64mg/kg every 2 or
4 weeks (Q2 or Q4W).
Results: Five RCTs comprising 2609 patientsmet the inclusion criteria. Both olokizumab
Q2 and Q4W treatments achieved a significant American College of Rheumatology
20% response (ACR20) compared with the placebo (odds ratio [OR] 3.21, 95% credible
interval [CrI] 2.53–4.09; OR 3.05, 95% CrI 2.43–3.86). However, olokizumab Q2W
was associated with the most favorable surface using the cumulative ranking curve
(SUCRA) for the ACR20 response rate. The ranking probability based on the SUCRA
indicated that olokizumab Q2W had the highest probability of being considered the
best treatment option for achieving the ACR20 response rate, followed by olokizumab
Q4W, adalimumab, and placebo. The ACR50 and 70 response rates showed a similar
distribution pattern to the ACR20 response rate, except that olokizumab Q4W had
a higher-ranking probability than olokizumab Q2W for ACR50. The SUCRA rating
likelihood of adverse events (AEs) and withdrawal due to AEs showed that a placebo
was likely to be the best intervention.
Conclusion: Both olokizumab Q2 and Q4W were efficacious and well-tolerated
treatments for active RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic au-
toimmune disease that causes persistent
synovial joint inflammation, resulting in
disability and loss of quality of life [1, 2].
Interleukin 6 (IL-6) is a multifunctional cy-
tokine involved in inflammatory reactions
and immune response regulation, includ-

ing B and T cell development [3]. IL-6 is
overexpressed in RA-afflicted tissues [4].
Higher IL-6 levels in blood and synovial
fluidareassociatedwithsynovitis, systemic
inflammation, bonemetabolism, and joint
damage [5]. Tocilizumab and sarilumab,
humanized anti-human IL-6 receptor (IL-
6R) monoclonal antibodies, have been de-
veloped to inhibit IL-6 signaling [6]. Un-
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Olokizumab Q2W

1.05
(0.85 – 1.30) Olokizumab Q4W

1.23
(0.94 – 1.60)

1.17
(0.90 – 1.52) Adalimumab

3.21
(2.53 – 4.09)

3.05
(2.43 – 3.86)

2.60
(1.97 – 3.47) Placebo

Olokizumab Q4W

1.05
(0.86 – 1.28) Olokizumab Q2W

1.24
(0.97 – 1.58)

1.18
(0.92 – 1.51) Adalimumab

4.44
(3.36 – 5.89)

4.22
(3.19 – 5.62)

3.58
(2.62 – 4.92) Placebo

Olokizumab Q2W

1.11
(0.87 – 1.40) Olokizumab Q4W

1.19
(0.91 – 1.58)

1.08
(0.82 – 1.43) Adalimumab

4.08
(2.80 – 6.08)

3.68
(2.54 – 5.46)

3.41
(2.28 – 5.22) Placebo

a

b

c

Fig. 18Networkmeta-analysis of the efficacy of all comparators alongwith odds ratios (OR,upper
number in each cell) and 95% credible interval (range).aACR20. OR>1 signifies that the treatment
in the top left is better.bACR50. cACR70

like IL-6R inhibitors, sirukumab is a human
monoclonal antibody that binds to IL-6
with high affinity and specificity, inhibit-
ing IL-6 from interacting with IL-6Rs [7].
IL-6 and IL-6R inhibitors have been used
effectively to treat RA, since IL-6 overex-
pression is not per say a cause of RA.

Olokizumab, a new humanized mono-
clonal antibody specific for IL-6, has been
investigated for the treatment of RA [8].
It prevents the interaction of IL-6 and the
IL-6 receptor dimer with the receptor com-
plex’s signal-transducing receptor subunit
glycoprotein 130 [8]. In RA clinical trials,
olokizumab was significantly more effica-
cious than placebo [9, 10]. Olokizumab

has been studied in phase II and III inves-
tigations of active RA patients who did not
respond to methotrexate (MTX) and/or bi-
ologics [9–13]. However, the comparative
effectiveness and safety of olokizumab at
various doses remain unknown, owing to
the lackof adequatemultiple comparisons.

Unlike typical meta-analyses, network
meta-analyses integrate direct and indi-
rect evidence of relative treatment effects
[14, 15]. Thus, even without head-to-head
comparisons, the network meta-analysis
enhances statistical power and accuracy
by analyzing the comparative efficacy of
various therapies and pooling data across
a network of randomized controlled tri-

als (RCTs) [16]. Using a network meta-
analysis, the current study examined the
effectiveness and safety of olokizumab ad-
ministered every 2 or 4 weeks (Q2 or Q4W)
to patients with active RA.

Methods

Identification of eligible studies and
data extraction

We searched exhaustively for studies
examining the efficacy and safety of olok-
izumab in patients with active RA. We
used MEDLINE, EMBASE, the Cochrane
Controlled Trials Register, the American
College of Rheumatology (ACR), and the
European League Against Rheumatism
(EULAR) conference proceedings to iden-
tify available articles (up to September
2022), employing the keywords “olok-
izumab” and “rheumatoid arthritis.” All
references cited in the studies were re-
viewed to identify additional reports that
were excluded from electronic databases.
The present study included RCTs meeting
the following criteria: the study 1) com-
pared olokizumab or tocilizumab with
a placebo for the treatment of active
RA; 2) provided endpoints for the clin-
ical efficacy and safety of olokizumab
at 24 weeks; and 3) included patients
diagnosed with RA based on the ACR
criteria for RA [17] or the 2010 ACR/EULAR
classification criteria [18]. The studies
that 1) included duplicate data and 2) did
not contain adequate data for inclusion
were excluded. The primary endpoint for
efficacy was the number of patients who
achieved an ACR 20% (ACR20) response
rate as a preferred outcome measure for
testing efficacy. The primary safety out-
come was the number of patients with
adverse events (AEs), which is crucial for
assessing risks. The secondary endpoint
for efficacy was the number of patients
who achieved an ACR 50% (ACR50) or
70% (ACR70) response rate. Data were
extracted from the original studies by two
independent reviewers. The secondary
endpoint for efficacy was the number of
patients who withdrew owing to AEs. Any
discrepancies between reviewers were
resolved by consensus. The following in-
formation was extracted from each study:
first author; year of publication; country
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Table 2 Study number andpatent num-
ber of each treatment

Treatment Study
number

Number of
patients

Placebo 5 528

OlokizumabQ2W 4 765

OlokizumabQ4W 5 854

Adalimumab 1 462

Q2W every 2 weeks, Q4W every 4 weeks

Table 3 Rank probability of efficacy of
olokizumab at different dosages based on
the number of patients who achieved an
ACR20, ACR50, andACR70 response
Treatment SUCRA

ACR20
OlokizumabQ2W 0.873

OlokizumabQ4W 0.733

Adalimumab 0.394

Placebo 0.000

ACR50
OlokizumabQ4W 0.882

OlokizumabQ2W 0.741

Adalimumab 0.378

Placebo 0.000

ACR70
OlokizumabQ2W 0.898

OlokizumabQ4W 0.637

Adalimumab 0.466

Placebo 0.000

ACR20, 50, 70 American College of Rheuma-
tology 20, 50, or 70% response rate, SU-
CRA surface under the cumulative rank-
ing curve, Q2W every 2 weeks, Q4W every
4 weeks

Table 4 Rankprobabilityofsafetyofolok-
izumab at different dosages based on the
number of patients who experienced seri-
ous adverse events and serious infection

Treatment SUCRA

Adverse events
Placebo 0.851

Adalimumab 0.773

OlokizumabQ4W 0.233

OlokizumabQ2W 0.144

Withdrawal due to adverse events
Placebo 0.957

OlokizumabQ2W 0.517

Adalimumab 0.332

OlokizumabQ4W 0.194

SUCRA surface under the cumulative rank-
ing curve, Q2W every 2 weeks, Q4W every
4 weeks
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Placebo

0.97
(0.73 – 1.28) Adalimumab

0.79
(0.63 – 1.00)

0.82
(0.63 – 1.05) Olokizumab Q4W

0.77
(0.61 – 0.97)

0.79
(0.61 – 1.02)

0.97
(0.79 – 1.19) Olokizumab Q2W

Placebo

0.63
(0.32 – 1.18) Olokizumab Q2W

0.56
(0.27 – 1.09)

0.88
(0.51 – 1.54) Adalimumab

0.51
(0.26 – 0.93)

0.82
(0.51 – 1.29)

0.92
(0.54 – 1.55) Olokizumab Q4W

a

b

Fig. 28Networkmeta-analysis of the safety of all comparators alongwith odds ratios (OR,upper
number in each cell) and 95% credible interval (range).aAdverse events. OR<1 signifies that the
treatment at the top left is better.bWithdrawal due to adverse events

of the study; doses of JAK inhibitor, IL-6
inhibitor, and adalimumab; time of out-
come evaluation; and efficacy and safety
outcomes at 24 weeks. We quantified
the methodological qualities of the three
included studies using Jadad scores, with
the quality classified as high (score of
3–5) or low (score of 0–2), and conducted
a network meta-analysis following the
guidelines provided by the Preferred Re-
porting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [19].

Evaluation of statistical associations
for network meta-analysis

Results fromthedifferentarmsofRCTs that
compared multiple doses of olokizumab
were analyzed simultaneously. The effi-
cacy and tolerability of olokizumab and
placebo in the different arms were ar-
ranged based on the probability that the
treatment would be the best-performing
regimen. We adopted a Bayesian fixed-
effects model for network meta-analysis
using NetMetaXL [20] and the WinBUGS
statistical analysis program, version 1.4.3
(MRC Biostatistics Unit, Institute of Pub-

lic Health, Cambridge, UK). We used the
Markov chain Monte Carlo method to ob-
tain the pooled effect sizes [16]. All chains
were run with 10,000 burn-in iterations
followed by 10,000 monitoring iterations.
Data on the relative effectswere converted
into a probability that a particular treat-
ment was best, second-best, and so on, or
into a ranking for each treatment based on
the “surface under the cumulative ranking
curve” (SUCRA) [21]. SUCRA is expressed
as a percentage (e.g., a value of 100% for
SUCRA would be obtained when a par-
ticular treatment is guaranteed to be the
best, and a value of 0% would guarantee
that it is the worst treatment). League
tables were used to organize summary
estimates by ranking treatments accord-
ing to the strength of their impact on the
outcome based on their respective SUCRA
values [21]. We reported thepairwiseodds
ratio (OR) and 95% credible interval (CrI
or Bayesian confidence interval) and ad-
justed them formultiple-arm trials. Pooled
results were considered statistically signif-
icant when the span of the 95% CrI did
not include 1.

Test for inconsistency

Inconsistency is the disagreement be-
tween direct and indirect evidence [22].
Therefore, an inconsistency assessment
is crucial when conducting a network
meta-analysis [23]. To assess the network
inconsistency between the direct and in-
direct estimates in each loop, we plotted
the posterior mean deviance of individual
datapoints in the inconsistency model
against their posterior mean deviance in
the consistency model [24].

Results

Studies included in the meta-
analysis

One hundred and eighty-three studies
were identified through an electronic or
manual search and 12 were selected for
full-text review based on the title and
abstract details. However, seven stud-
ies were excluded because they were
duplicates or irrelevant. Thus, 5 RCTs,
which included 2609 patients, met the
inclusion criteria. The search results con-
tained 6 pairwise comparisons, including
6 direct comparisons and 4 interventions.
Various dosages of the biologics were
reported: olokizumab, at 64mg/kg, was
administered intravenously every (q) 2 or
4 weeks (Q2 or Q4W); tocilizumab 8mg,
administered subcutaneously every (q)
2 weeks; and adalimumab 40mg, admin-
istered subcutaneously every 2 weeks. All
patients received conventional synthetic
disease-modifying antirheumatic drug
(csDMARD) therapy. The Jadad scores of
the studies were between 3 and 5, in-
dicating high-quality studies (. Table 1).
The relevant features of the studies in the
meta-analysis are listed in. Table 1 and 2.

Network meta-analysis of
olokizumab efficacy in RCTs

Olokizumab Q2W is listed at the top left
of the diagonal of the league table be-
cause it was associated with the most fa-
vorable SUCRA for the ACR20 response
rate (. Fig. 1). All of the olokizumab Q2W,
olokizumab Q4W, and adalimumab treat-
ments achieved a significant ACR20 re-
sponse compared to that of the placebo
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Fig. 38 Bayesiannetworkmeta-analysis of randomizedcontrolled trials examining the relative effec-
tiveness of olokizumab at different dosages according to the numberof patients achieving theAmeri-
can College of Rheumatology 20% response rate ACR20 (a), ACR50 (b), andACR70 (c).O.R. odds ratio,
Cr.I. credible interval

(OR 3.21, 95% CrI 2.53–4.09; OR 3.05, 95%
CrI 2.43–3.86; OR 2.60, 95% CrI 1.97–3.47;
. Figs. 1, 2, 3). SUCRA simplifies informa-
tion on the effect of each treatment into
a single number to guide the decision-
making process. The ranking probability
based on the SUCRA indicated that olok-
izumab Q2W had the highest probability
of being considered the best treatment
option for achieving the ACR20 response
rate, followed by olokizumab Q4W, adal-
imumab, and placebo (. Table 3). The
ACR50 and70 response rates showedadis-
tribution pattern similar to that of the
ACR20 response rate, except that olok-
izumab Q4W had a higher-ranking proba-
bility than olokizumab Q2W for the ACR50
(. Table 3).

Network meta-analysis of
olokizumab safety in RCTs
The SUCRA rating likelihood showed that
the placebo was likely to be the best inter-
vention intermsofAEsandwithdrawaldue
to AEs (. Fig. 2 and . Table 4). However,
the number of patient withdrawals owing
to AEs did not differ significantly between
the treatments, except for placebo vs.
olok-
izumab Q4W for withdrawals owing to AEs
(. Table 4, . Fig. 4). Withdrawals due to
AEs were significantly lower in the placebo
group than in the olokizumab Q4W group
(OR 0.51, 95% CrI 0.26–0.93) (. Table 4,
. Fig. 4).

Inconsistency and sensitivity
analysis

Inconsistency plots were used to assess
network inconsistencies between direct
and indirectestimates, revealinga lowpos-
sibility of inconsistencies that might sig-
nificantly affect the networkmeta-analysis
results. This finding was confirmed using
random- and fixed-effectsmodels, indicat-
ing that the results of this network meta-
analysis were robust (. Figs. 1 and 2).

Discussion

Therapeutic targeting of IL-6R is a signifi-
cant step forward in treating RA because
IL-6 is involved in the development and
clinical symptoms of the disease. Owing to
the efficacy of tocilizumab in treating RA,
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Fig. 48 Bayesiannetworkmeta-analysisof randomizedcontrolledtrialsexaminingthe relative safety
ofolokizumabatdifferentdosagesaccordingtothenumberofadverseevents (a)andwithdrawalsdue
to adverse events (b)

novel biologics targeting IL-6 or IL-6R have
been developed. Olokizumab is a novel di-
rect inhibitorof interleukin-6 ligand, which
differs from previously approved IL-6 re-
ceptor inhibitors [8]. Although theexisting
data are not optimal, they are currently
the best available for this specific study
topic, awaiting additional conclusive RCTs.

We performed a network meta-analy-
sis of patients with active RA to exam-
ine the efficacy and safety of olokizumab
Q2 and Q4W. Olokizumab Q2W was more
likely to be the optimal therapy for achiev-
ing an ACR20 and ACR70 response than
olokizumab Q4W, even though no statis-
tically significant difference in the ACR re-

sponse rates was detected between these
dosages. No significant differences in the
number of AEs and withdrawals due to
AEs were observed between groups, ex-
cept that withdrawals due to AEs were
significantly lower in the placebo group
than in the olokizumab Q4Wgroup; safety
betweenthedifferentolokizumabdosages
was comparable.

However, our findings should be re-
garded with caution because of the limi-
tations of the present investigation. First,
a 6-month follow-up of the safety profile
of IL-6-blocking biologics is deemed insuf-
ficient for evaluating all significant safety
issues associated with biologicals, espe-

cially for examining unusual occurrences
or events requiring longer exposure du-
rations. Second, the included studies dif-
fered in their designs and clinical features.
Consequently, these inter-study discrep-
ancies may have influenced our findings.
Third, the efficacy and safety outcomes of
the biologicals were not adequately exam-
ined in this investigation. We only looked
at treatment effectiveness (the number of
patientswhoobtainedACR responses) and
safety/tolerability (the number of AEs and
withdrawals due toAEs)without lookingat
other outcomes. Because of their low fre-
quency, the number of withdrawals due
to AEs may not be adequate for safety
outcome measures.

In contrast, this meta-analysis has sev-
eral benefits. First, the RCTs included in
this network meta-analysis were of high
quality and yielded reliable results. Sec-
ond, thenumberofpatients ineachsample
varied from 125 to 1648, totaling 2609 pa-
tients in this study. Third, a network meta-
analysis combines all relevant data to al-
low straightforward head-to-head com-
parisons of the different treatment modal-
ities. In contrast to individual testing, sta-
tistical analysis and high resolution were
usedtoobtainmorereliableconclusionsby
merging independent study data [25–28].
To the best of our knowledge, this is the
first Bayesian networkmeta-analysis to ex-
amine olokizumabQ2 andQ4W inpatients
with active RA.

In conclusion, usingaBayesiannetwork
meta-analysis encompassing five RCTs, we
documented thatolokizumabQ2andQ4W
were effective therapies for active RA and
had similar effectiveness and safety in pa-
tients. Long-term trials are required to
evaluate the effectiveness and safety of
olokizumab in a larger number of individ-
uals with active RA.
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Zusammenfassung

Vergleich der Wirksamkeit und Sicherheit von Olokizumab in
verschiedenen Dosierungen bei Patienten mit aktiver rheumatoider
Arthritis: Netzwerk-Metaanalyse randomisierter kontrollierter Studien

Ziel: Ziel der vorliegenden Studie war es, die relative Wirksamkeit und Sicherheit von
Olokizumab in verschiedenen Dosierungen bei Patienten mit aktiver rheumatoider
Arthritis (RA) zu untersuchen.
Methoden: Es wurde eine Bayes-Netzwerk-Metaanalyse zur Kombination direkter und
indirekter Evidenz aus randomisierten kontrollierten Studien (RCT) durchgeführt, um
die Wirksamkeit und Sicherheit von Olokizumab in der Dosierung von 64mg/kg alle
2 Wochen (Q2W) oder alle 4 Wochen (Q4W) als i.v.-Gabe bei Patienten mit aktiver
rheumatoider Arthritis (RA) zu untersuchen.
Ergebnisse: Die Einschlusskriterien wurden von 5 RCT mit 2609 Patienten erfüllt.
Sowohl die Therapie mit Olokizumab Q2W als auch Q4W erzielte eine signifikante
Therapieantwort von 20% gemäß American College of Rheumatology (ACR20) im
Vergleich zu Placebo (Odds Ratio, OR: 3,21; 95%-Glaubwürdigkeitsintervall, „95%
credible interval“, 95%-CrI: 2,53–4,09; OR 3,05; 95%-CrI: 2,43–3,86). Jedoch war
Olokizumab Q2W mit der günstigsten Oberfläche bei Einsatz der kumulativen
Rangfolgekurve (SUCRA, „surface using the cumulative ranking curve“) für die ACR20-
Ansprechrate vergesellschaftet. Die Ranking-Wahrscheinlichkeit auf der Grundlage
der SUCRA zeigte, dass Olokizumab Q2W die höchste Wahrscheinlichkeit aufwies, als
beste Therapieoption zur Erzielung der ACR20-Ansprechrate zu gelten, danach folgten
Olokizumab Q4W, Adalimumab und Placebo. Die ACR50- und ACR70-Ansprechraten
wiesen ein ähnliches Verteilungsmuster wie die ACR20-Ansprechrate auf, außer,
dass Olokizumab Q4W eine höhere Ranking-Wahrscheinlichkeit für ACR50 besaß
als Olokizumab Q2W. Die SUCRA-Bewertungs-Wahrscheinlichkeit für unerwünschte
Ereignisse (AE) und Therapieabbruch aufgrund von AE zeigte, dass ein Placebo am
ehesten die beste Intervention darstellte.
Schlussfolgerung: Sowohl Olokizumab in der DosierungQ2Wals auch in der Dosierung
Q4Wwar eine wirksame und gut verträgliche Behandlung der aktiven RA.
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