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Objectives: We conducted a meta-analysis of recently published randomized controlled trials (RCTs) to identify the most effective and safe etanercept dosing regimen and duration

of therapy for the treatment of patients with ankylosing spondylitis (AS).

Methods: We systematically reviewed PubMed, Embase, Cochrane Library, and Web of Science databases for RCTs. The proportion of patients attaining 20 percent improvement
(according to the Spondyloarthrifis International Society response criteria [ASAS 20]) was evaluated as a primary outcome. Secondary outcomes included 50 percent increase in
the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI 50) used for evaluating efficacy, as well as the BASDAI/Bath Ankylosing Spondylifis Functional Index (BASFI)

scores and adverse events.

Results: ASAS 20 indicated that the efficacy of etanercept did not differ amongst dosing regimens (25 mg twice-weekly versus 50 mg once-weekly: relative risk [RR], 2.18, 95
percent confidence inferval [CI], 1.78—2.67 versus R, 2.00, 95 percent (I, 1.70—2.37). The ASAS 20 reported subgroup differences among treatment durations of less than 12
weeks (RR, 2.70; 95 percent (I, 2.09—3.49); 12 weeks (RR, 1.74; 95 percent (I, 1.37—2.22); and more than 12 weeks (RR, 2.56; 95 percent CI, 1.88—3.48). Other
outcomes included BASDAI, BASDAI 50, and BASFI. Drug safety differed according to the treatment regimen and duration.

Conclusion: Qur meta-analysis found that there was no significant efficacy difference between 50 mg once-weekly and 25 mg twice-weekly dosing for the treatment of AS, and a

dosing duration of less than 12 weeks was more effective for treating AS patients.
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Ankylosing spondylitis (AS) is a prototype, subtype, or clinical
outcome of spondyloarthritis (SpA), especially axial SpA (1).
Among the available options for AS treatment, anti-tumor
necrosis factor (TNF) therapy has become increasingly pop-
ular. However, several studies have reported high remission
rates in AS patients following treatment (2). In addition, the
United States Food and Drug Administration (FDA) has ap-
proved a number of TNF blockers for AS and indicate 50 mg
of etanercept to be administered once weekly. Etanercept is a
recombinant protein of p75 TNF receptor as a competitive in-
hibitor binding of TNF-alpha to cell-surface TNF receptors (3).
However, there is a discrepancy between the approved dosing
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regimen and that used in a related clinical trial (4), which
demonstrated that a 25 mg twice-weekly regimen of etanercept
was effective for the treatment of AS. Such discrepancies could
cause confusion in the future selection of an appropriate dosing
regimen (5).

Discrepancies in etanercept dosing regimen and duration
of therapy for the treatment of AS patients also existed in prior
studies. For example, McCormack et al. (6) recommended a
twice-weekly dosage of 25 mg, but a clinical trial with active
rheumatoid arthritis patients showed comparable efficacy and
safety results between 50 mg once-weekly and 25 mg twice-
weekly treatments (6). Additionally, several meta-analyses
have been conducted to evaluate the efficacy and safety of
anti-TNFs, especially etanercept treatment for ankylosing
spondylitis (7-9). Some recent systematic reviews have tried to
determine the optimal dosing regimen and duration of therapy
for etanercept use (8;9) However, the findings of these studies
were somewhat less robust, owing to the lack of updated
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clinical trials, analysis issues, and not providing outcome
measures commonly recommended for evaluating efficacy of
treatment for ankylosing spondylitis by experts (10).

There is still a need to verify the ideal dosing regimens
and therapy duration for etanercept in the treatment of AS pa-
tients. To do this, using multifocal indices, we conducted a
meta-analysis of recently published randomized controlled tri-
als (RCTs).

METHODS

This review was conducted according to the Cochrane Collab-
oration Handbook (11) and reported in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
analysis guidelines (12).

Data Sources and Search Parameters

The following major medical databases were searched:
PubMed, Embase, Cochrane Library, and Web of Science. We
designed and applied a search strategy using sensitivity criteria
filtering for RCTs for etanercept including patients with AS.
The search strategy is described in Supplementary Table 1. Ref-
erences of related articles were hand-searched, and the “Related
Article” feature was used to discover additional articles while
excluding unpublished dissertations or theses. Language was
not restricted during the article search.

Study Selection

Two examiners independently screened the titles, abstracts, and
full texts of articles to identify relevant studies for inclusion
in the meta-analysis. Discrepancies in results were resolved by
discussion. The efficacy and toxicity outcomes of interest in the
RCTs were searched for by two independent investigators. Only
trials that used randomized controlled study designs to compare
the efficacy or safety between etanercept and a placebo were in-
cluded. Studies included patients with radiographic axial SpA,
which was defined as that satisfied the definition of the modified
New York criteria, and nonradiographic AS, also termed early
AS and defined by a score of 4 or more on the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) (1). Studies with
less than 10 participants were excluded.

Data Extraction and Outcomes of Interest

Two reviewers separately collected the following relevant data:
publication year, study design, study population, number of pa-
tients, previous or simultaneous use of disease-modifying anti-
rheumatic drugs (DMARDs), nonsteroidal anti-inflammatory
drugs and/or glucocorticoids, intervention, and outcomes. The
primary outcome was measured by a population-pooled odds
ratio (OR) showing the Assessment of SpondyloArthritis Inter-
national Society 20 (ASAS 20) response, which was defined as
a decrease of at least 20 percent and 10 units (on an illustrated
analog scale from 0 to 100) in at least three of the following cat-
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egories: patient global assessment, lumbar pain, physical func-
tion, and inflammation (without exacerbation >20 percent and
10 units in the remaining fourth category).

The ASAS 20 response represents the efficacy of the treat-
ment (1). The secondary endpoints were assessed from BAS-
DAI and BASDALI 50 responses. The BASDALI is widely used
and was designed by medical professionals in conjunction with
patients. The BASDAI gathers the patient’s response to a self-
administered questionnaire containing six questions regarding
the symptoms of AS. The BASDAI 50 is a 50 percent improve-
ment in the BASDALI score, and it represented the proportion
of patients with improvements of at least 50 percent from the
baseline value of the BASDAI. The Bath Ankylosing Spondyli-
tis Functional Index (BASFI) (1) reflects the degree of disabil-
ity in patients with AS. Other secondary outcomes that were
evaluated included safety and adverse reactions.

Assessment of Bias Risk

The risk of bias in the clinical trials was assessed using the
Cochrane Risk of Bias tool (11) with respect to randomization
allocation, double blinding, and description of withdrawals. Ev-
ery domain was categorized as having a low, high, or unclear
risk of bias. If the explanation in the report could not be classi-
fied as high or low, it was considered “unclear.” Two indepen-
dent reviewers evaluated the methodological quality of the stud-
ies and resolved disparities by discussion. The methodological
quality was examined according to the Jadad scale (13), which
assigns a study score ranging from 0 to 6, with 6 denoting the
highest quality.

Data Synthesis and Analysis

Data from the eligible studies were entered into the Review
Manager 5.1 software (version 5.1.2, The Nordic Cochrane
Center, The Cochrane Collaboration, 2011). Concerning con-
tinuous data, the mean difference was calculated to perform the
analysis. The mean difference was used for continuous data
with 95 percent confidence intervals (Cls). The results were
expressed as risk ratios (RRs) with Cls for dichotomous out-
comes. Higgins’ I? statistic and the chi-square-based Q-test
were used to assess heterogeneity among studies and subgroup
differences. The heterogeneity was denoted by p < .10 and/or
P > 40 percent. Factors that affected heterogeneity were inves-
tigated in positive cases (11).

A random-effects model (the DerSimonian and Laird
method) was used to analyze pooled data according to hetero-
geneity; otherwise, a fixed-effects model was used (the Mantel—
Haenszel method) (11). The statistical significance (p < .05) of
the pooled ORs was determined by the Z-test. Publication bias
in the literature was assessed by Egger’s linear regression test,
and visual inspection of asymmetry was performed in funnel
plots. If a publication bias was present, p-values examined by
Egger’s test would have resulted in less than .05 (14). The “trim
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Table 1. Characteristics of the RCTs Included in the Analysis

Study Patients (N) Country Intervention (dosing regimen)  Therapy duration Follow-up (evaluation time)

Dougados 2011 (13) 82 FR, DE, AN, HUN ETN 50 mg qw Placebo 12 weeks 12 weeks (RCT: ot weeks 2, 4, 8, and
12)

Dougados 2014 (14) 106 EU, Asia, Latin America ETN 50mg qw Placebo 12 weeks 24 weeks (RCT: 12 weeks, OLE:
following 12 weeks)

Calin 2004 (15) 84 BE, FI, FR, DE, AN, IT, ES, US ETN 25 mg biw Placebo 12 weeks 12 weeks (RCT: at weeks 2, 4, 8, and
12)

Pang 2008 (16) 40 (N ETN 50 mg qw Placebo 6 weeks 6 weeks (RCT: at weeks 2 and 6)

Davis 2003 (17) 277 US, CA, FR, AN, DE ETN 25 mg biw Placebo 24 weeks 24 weeks (RCT: at weeks 12 and 24)

Lin 2010 (18) 39 (N ETN 50 mg qw Placebo 6 weeks 12 weeks (RCT: at week 6 OLE: following
week 6)

Heiide 2006 (19) 356 BE, FR, DE, GR, HUN, IT AN, ETN 25 mg biw Placebo 12 weeks 12 weeks (RCT: ot weeks 2, 4, 8, and

PL, PT, ES, UK 12)

Gorman 2002 (20) 40 Us ETN 25 mg biw Placebo 16 weeks 16 weeks (RCT: at day 1 and weeks 4,
8,12, and 16)

Brandt 2003 (21) 30 DE ETN 25 mg biw Placebo 6 weeks 24 weeks (RCT: af weeks 3 and 6
Observation: after week 6 and every 3
weeks thereafter)

Barkham 2010 (22) 40 UK ETN 25 mg biw Placebo 12 weeks 12 weeks (RCT: at week 12)

Huang 2010 (23) 397 (N ETN 50 mg qw Placebo 6 weeks 12 weeks (RCT: at weeks 2 and 6 OLE:

at week 12)

ETN, etanercept; RCT, randomized controlled trial; OLE, open-label trial; Belgium, BE; Canada, CA; CN, China; DE, Germany; FR, France; FI, Finland; GR, Greece; AN, Netherlands; PL,
Poland; PT, Portugal; HUN, Hungary; US, United States; IT, Italy; ES, Spain; United Kingdom, UK; qw, once weekly; biw, twice weekly

and fill” method was used to correct publication bias, which
was made to correct the funnel plot by imputing where the
missing studies would be likely to occur (15). The correction
for missing studies could lead to relevant changes regarding
the weighted mean effect, so the influence of the publication
bias for the statistical significance in the overall effects was also
evaluated (15).

RESULTS

Studies and Their Main Characteristics
A flow diagram of the clinical trial selection process is shown
in Figure 1. A total of 2,079 articles were identified through a
database literature search, and manual searching revealed addi-
tional reports. After eliminating duplicates, 2,067 records were
retrieved. Ultimately, eleven RCTs that evaluated the efficacy
and safety of etanercept in comparison with a placebo were
included in the meta-analysis. The main characteristics of the
RCTs included in this analysis are shown in Table 1. The total
number of patients included in the meta-analysis was 1640, and
the trials were performed in Europe, Asia, the United States,
and South America.

Clinical outcomes that demonstrated the efficacy and safety
of etanercept in the treatment of AS were evaluated in the
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RCT phase in all studies (16-26). To determine the differences
in the efficacy and safety of etanercept, we analyzed the re-
sults obtained in the randomized controlled phase: four stud-
ies (19; 21;24;26) continued therapy for 6 weeks; five studies
(16-18;22;25) maintained treatment for 12 weeks, and two tri-
als (20; 23) offered drug treatment for more than 12 weeks.
Five trials (16;17;19;21;26) used a dosage of 50 mg admin-
istered once weekly to AS patients, whereas in other studies
(18;20;22-25) etanercept was administered at a dosage of 25
mg twice-weekly. The methodological quality assessment is de-
scribed in Table 2.

Efficacy

A greater number patients who received etanercept had a pos-
itive ASAS 20 response than those who received the placebo.
There was an RR of 2.18 with a 95 percent CI of 1.78-2.67 for
the 25 mg twice-weekly etanercept regimen without significant
heterogeneity (/> = 0 percent; p = .80). For the 50 mg once-
weekly regimen, the RR was 2.00 (95 percent CI, 1.70-2.37).
The RR was 2.70 (95 percent CI, 2.09-3.49) when the drug was
used for less than 12 weeks, versus 1.74 (95 percent CI, 1.37—
2.22) for the 12-week treatment without heterogeneity. With a
treatment duration of greater than 12 weeks, the RR was 2.56
(95 percent CI, 1.88-3.48).
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Figure 1. Flow diagram of the selection process for the induded studies.

The subgroup differences for ASAS 20 according to ther-
apy duration showed that less than 12 weeks of treatment was
more beneficial than treating for 12 weeks (p = .01, I’ = 83 per-
cent). Moreover, dosing more than 12 weeks of etanercept was
evaluated and found to be more effective than the 12 week du-
ration (p = .06, I’ = 72.6 percent). The RR for the BASDAI 50
response was 2.20 (95 percent CI, 1.66-2.93) for 50 mg of etan-
ercept administered once weekly, versus 3.41 (95 percent CI,
2.01-5.80) for 25 mg of etanercept administered twice-weekly
with insignificant heterogeneity. The RR was 5.73 (95 percent
CI, 1.85-17.72) when treatment lasted less than 12 weeks with-
out heterogeneity, versus 1.95 (95 percent CI, 1.39, 2.72) for
12-week therapy without heterogeneity (Figure 2). The BASFI
and BASDALI results are presented in Supplementary Table 2.
The RR was more favorable for etanercept, although significant
heterogeneity was observed among the trials.

Safety

The only significant adverse reactions included were injec-
tion site reactions (Supplementary Table 3). The RR was 2.75
(95 percent CI, 1.84-4.09) for studies using the 25 mg twice-
weekly treatment, versus 2.05 (95 percent CI, 0.95-4.43) for 50
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mg administered once weekly. The use of etanercept was asso-
ciated with a greater number of injection site reactions, as evi-
denced by an RR of 2.62 (95 percent CI, 1.84-3.71) without
heterogeneity (Supplementary Figure 1). Other adverse reac-
tions had insignificant disparities between the two dose groups
that were consistent with the different dosing regimens and
treatment durations (Supplementary Table 3).

Publication Bias
Publication bias was assessed using funnel plots and Egger’s
test. Asymmetric plots were observed in several responses such
as ASAS 20 and BASDALI 50, suggesting a possible publication
bias. However, with the small number of studies included in
the analysis, it was possible that the statistical power was too
low to distinguish real asymmetry; therefore, Egger’s test was
also used. In the present study, the analyzed ASAS 20 response
outcomes showed a p-value = .03, while the p-value was 0.04
for BASDAI 50 response; p-values were calculated by Egger’s
test, and they indicated a publication bias. However, BASFI and
injection site reaction results did not show a publication bias.
After the trim and fill procedure, we found that three stud-
ies were missing for each, and relevant changes in the overall
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pooled estimates (RRs) for each response outcome showed a
publication bias. For the ASAS 20 response, the overall effect
of the unadjusted RR was 2.07 (95 percent CI, 1.82-2.36) and
the overall effect-adjusted RR was 1.99 (95 percent CI, 1.76—
2.25). The outcomes of BASDAI 50 showed the unadjusted RR
of the overall effect to be 2.43 (95 percent CI, 1.89-3.12), and
the adjusted RR of the overall effect was 2.28 (95 percent CI,
1.79-2.91).

DISCUSSION

We conducted a meta-analysis to evaluate the safety and effi-
cacy of etanercept to identify the most appropriate dose and
duration of treatment in AS patients.

In the present study, no differences were observed between
AS patients receiving etanercept 25 mg twice-weekly and those
receiving 50 mg once-weekly. In addition, an etanercept dosing
period of less than 12 weeks was more beneficial than other
durations of therapy.

According to ASAS 20 responses, no differences were
observed between 50 mg once-weekly and 25 mg twice-weekly
dosing regimens, both of which demonstrated improvement
of symptoms and physical limitations. BASDAI 50 outcomes
indicated that the 25 mg twice-weekly etanercept regimen was
more beneficial than the 50 mg once-weekly regimen in the
present study. However, for the evaluation of AS symptoms,
one group of international SpA experts currently recommends
the use of ASAS 20 criteria to measure TNF blocker efficacy
(10). AS disease activity is believed to be underdetermined
by BASDALI (27). A previous analysis indicated etanercept 50
mg once-weekly dosing showed more effective for treating AS
patients, but the study less focused on the outcome of etaner-
cept thereby containing several other TNF-blockers during the
indirect analysis (28). Moreover, a current systematic review
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evaluated the efficacy of etanercept treatment for AS patients
using a different outcome measure, the ASAS 40 response,
which also showed no discrepancies between these two dosing
regimens (9).

Systematical evaluation of optimal durations for etanercept
therapy to treat AS patients has been performed previously
(8;29). However, these studies still had several limitations for
analyzing data from the included trials. To provide more con-
fident and specific outcomes, we categorized the treatment pe-
riod into durations of less than 12 weeks, 12 weeks, and more
than 12 weeks. We found that patients’ symptoms relatively im-
proved with a treatment duration of less than 12 weeks. Ac-
cording to the ASAS 20 outcomes, we could not say significant
efficacy differences existed between the less than 12 weeks and
more than 12 weeks treatment duration groups. However, sub-
group differences in the ASAS 20 responses demonstrated that
etanercept treatment for less than 12 weeks showed benefit than
treatment for exactly 12 weeks. This evaluation was confirmed
by the BASDAI 50 response.

On the other hand, we could not demonstrate that dosing
etanercept for more than 12 weeks was more beneficial than
treatment for exactly 12 weeks, since this pooled ASAS 20 re-
sult could not be supported by another outcome such as BAS-
DALI 50. Furthermore, a recent review reported that the ASAS
20 responses were not different between two durations of etan-
ercept therapy, 12 and 24 weeks (8). As such, we can only sug-
gest that AS patients should be treated with etanercept for less
than 12 weeks.

However, some of these response measures evaluated were
patient self-administered questionnaires, which may not corre-
late well with external indicators of disease activity (27). Ques-
tionnaire responses at the beginning of the treatment were usu-
ally more optimistic than later on, when patients had adjusted
to the new health status. Considering the range of Cls in the
present study for etanercept treatment duration of less than 12
weeks and the limitations of patient self-administered ques-
tionnaires, clinician decisions for etanercept therapy duration
should be valuably considered, even though the analytic data
showed that AS patients received the most benefit from less
than 12 weeks of treatment.

According to the trial of Brandt et al. (30), the most ef-
ficacious end-points were reached at week 6, and were then
maintained for 54 weeks after starting to dose etanercept for
AS patients, and they therefore suggested that dosing etaner-
cept at regular intervals with periodic interruptions should be
used d for treating AS patients. The cyclic discontinuation of
etanercept could also reduce the economic burden on AS pa-
tients (30), and prevent them from producing auto-antibodies
(31). However, the outcome of the present analysis indicates
that more supporting evidence is needed before suggesting that
discontinuing etanercept therapy in AS patients might have an
effect on response and/or remission after short-term treatment.
Primary data corrected from RCTs or patient registries would
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Figure 2. Forest plots of etanercept efficacy compared with placebo evaluated by BASDAI 50 according to the duration of therapy.

be helpful in finding clear evidence in the future. BASFI and
BASDALI scores were also consistent with the results of prior
meta-analyses (7;9;29).

The most frequent adverse reactions reported in previous
studies were headaches, upper respiratory infections, and in-
jection site reactions (2). Although the incidence was not sig-
nificant, serious adverse events were reported (29). According
to the present analysis, the incidence of injection site reactions
was significantly higher in the treatment group than the placebo
group. In the subgroup analysis, injection site reactions were
more common with the 25 mg twice-weekly dosing regimen.
Other adverse reactions were not significantly different between
the treatment and placebo groups.

In this study, we specified inclusion criteria for AS pa-
tients, dividing them into radiographic axial SpA and non-
radiographic SpA (nr-axSpA) categories because of a recent at-
tempt to diagnose AS according to the disease stage. However,
there still have been many controversial efforts to clearly sep-
arate the stages of the disease (31). In addition, one study (17)
included in the present study included nr-axSpA patients show-
ing a BASDAI score of 4 or more, which means these types
of patients were good candidates to receive biological therapy.
However, this study did not significantly influence the conclu-
sion of our meta-analysis.

Conclusively, the present study showed it is more benefi-
cial to use etanercept for less than 12 weeks, and two dosing
regimens, 50 mg once-weekly and 25 mg twice-weekly, were
equally effective for treating AS patients. However, if the pa-
tients present significant injection site reactions, we recom-
mended 50 mg once-weekly dosing because that may require
desensitization (32)

There were several limitations to this study. It did not
differentiate results according to ethnic groups. A prior meta-
analysis analyzed the efficacy of etanercept in AS patients
according to ethnicity (7). However, studies included in that
meta-analysis did not provide efficacy results according to
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race, and the analysis showed discrepancies in the number of
patients in the trial groups compared with the original articles.
The recommendations of international SpA experts for the
measurement of TNF blocker efficacy have changed over time,
leading to difficulty regarding the direct comparison of results
among studies (10).

To evaluate the efficacy of etanercept treatment in AS pa-
tients, this analysis compared multifocal indexes. Studies in-
cluded for this analysis used somewhat different outcome mea-
sures, so the models used in the present study may not provide
fully comparable results. However, during the meta-analysis
procedure, parts of outcome measures from an included study
could be extracted and merged for pooling estimates (33). In the
present study, included studies also provided outcomes of inter-
ests such as ASAS 20, and BASDAI 50. This study was the first
meta-analysis to evaluate the efficacy and safety of etanercept
in AS patients according to the dosing regimen and duration of
therapy, using the most updated RCTs.

CONCLUSIONS

This meta-analysis analyzed the safety and efficacy of etaner-
cept for the treatment of AS including recently published data.
There was no significant efficacy difference between 50 mg
once-weekly and 25 mg twice-weekly dosages, and etanercept
dosing of a shorter duration than 12 weeks was more beneficial
for AS patients. The safety of etanercept did not significantly
differ between the dosing regimens, with the exclusion of in-
jection site reactions.

SUPPLEMENTARY MATERIAL
Supplementary Table 1: https://doi.org/10.1017/
S0266462317000150

Supplementary ~ Table  2:  https://doi.org/10.1017/
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