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Comparative efficacy of non-steroidal
anti-inflammatory drugs in ankylosing spondylitis:
a Bayesian network meta-analysis of clinical trials
Runsheng Wang, Abhijit Dasgupta, Michael M Ward

ABSTRACT

Objective To compare the efficacy of 20 non-steroidal
anti-inflammatory drugs (NSAIDs) in the short-term
treatment of ankylosing spondylitis (AS).

Methods We performed a systematic literature review
of randomised controlled trials of NSAIDs in patients
with active AS. We included trials that reported efficacy
at 2—12 weeks. Efficacy outcomes were the change in
pain score and change in the duration of morning
stiffness. We also examined the number of adverse
events. We used Bayesian network meta-analysis to
compare effects directly and indirectly between drugs.
Results We included 26 trials (66 treatment arms) of
20 NSAIDs with 3410 participants in the network meta-
analysis. Fifty-eight per cent of trials had fewer than 50
participants. All 20 NSAIDs reduced pain more than
placebo (standardised mean difference ranging from
—0.65 to —2.2), with 15 NSAIDs significantly better
than placebo. Etoricoxib was superior to celecoxib,
ketoprofen and tenoxicam in pain reduction, but no
other interdrug comparisons were significant. There were
no significant differences among NSAIDs in decreases in
the duration of morning stiffness or the likelihood of
adverse events. Adverse events were uncommon in these
short-term studies. In 16 trials that used NSAIDs at full
doses, etoricoxib was superior to all but two other
NSAIDs in pain reduction.

Conclusions Etoricoxib was more effective in reducing
pain in AS than some other NSAIDs, but there was
otherwise insufficient evidence to conclude that any
particular NSAID was more effective in the treatment of
AS. Comparisons were limited by small studies.

Non-steroidal anti-inflammatory drugs (NSAIDs)
form the cornerstone of pharmacological treatment
of ankylosing spondylitis (AS). Currently, 11
NSAIDs are approved for the treatment of AS in
Europe and 5 are approved in USA; additional
NSAIDs are approved for other indications and are
available for use.' A question that naturally arises
when there are many treatment options is whether
any particular NSAID is more effective and safer
for the typical patient. In the past, phenylbutazone
was considered the NSAID of choice for the treat-
ment of AS, but it was supplanted by NSAIDs
without similar risk of bone marrow suppression.”
Indomethacin has also been favoured as a particu-
larly effective NSAID in patients with AS, despite
the lack of randomised controlled trials (RCTs)
demonstrating superior efficacy.* * More recently,
cyclooxygenase-2 (COX-2) selective inhibitors,

such as celecoxib and etoricoxib, have shown
similar efficacy in AS with non-selective NSAIDs,
including naproxen,” © diclofenac” and ketopro-
fen,® with lower risk of gastrointestinal (GI) tox-
icity. Head-to-head RCTs comparing two or more
NSAIDs have been performed in AS, but a compre-
hensive comparison among the most commonly
used NSAIDs is not available. For example, indo-
methacin and piroxicam have not been compared
with COX-2 inhibitors in any trials. Information on
the relative efficacy and safety of different NSAIDs
would aid clinical decision-making. In the absence
of direct comparisons, indirect comparisons of two
or more drugs can be made through a common
comparator using Bayesian network meta-analysis.”
We conducted a systematic literature review and
meta-analysis of RCTs to assess the relative efficacy
and safety of 20 NSAIDs in the short-term treat-
ment of AS.

METHODS

Literature search

The study protocol was registered at PROSPERO
(registration number CRD42014014329). With the
help of a medical informationist, we searched
PubMed, EMBASE, Scopus and the Cochrane
Database for published RCTs of NSAIDs in AS
from 1 January 1960 to 31 December 2014 in all
languages. Search terms are provided in online sup-
plementary table S1. We also performed manual
searches of reference lists of reviews and searched
ClincalTrials.gov and clinicaltrialsregister.eu for
RCTs. Two authors (RW and MMW) independently
reviewed the search results for eligible studies.
Disagreements were resolved by discussion.

Selection criteria

Studies were eligible if they were RCTs evaluating
the efficacy and safety of an NSAID compared with
placebo or a different NSAID in adults with active
AS and reported outcomes at 2-12 weeks. AS was
defined by the modified New York criteria; for
trials conducted before 1984, we included trials
that required radiographic sacroiliitis to establish a
diagnosis of AS. To enhance homogeneity, we
excluded trials of axial spondyloarthritis, unless a
subgroup analysis of patients with AS was reported.
We also excluded trials with concomitant use of
other anti-inflammatory drugs, such as corticoster-
oids, aspirin, immunosuppressants or biologics.
Finally, we excluded trials that did not report
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relevant efficacy outcomes or measures of variance for the
outcomes.

Data extraction and assessment of bias

Data extraction was done independently by two authors (RW
and MMW). We extracted aspects of the study design, partici-
pant characteristics and relevant outcomes. For cross-over trials,
if a washout period was present before the cross-over and
results of the two phases were reported separately, the results of
the second phase were recorded as a separate study.

We analysed the change in total pain score and change in dur-
ation of morning stiffness as the efficacy outcomes. When the
total pain score was not reported, we used the results for spinal
pain, night pain, pain at rest and day pain, in this order of prior-
ity. We either abstracted the mean change score and its SD, or
estimated the change from baseline and final scores. When only
medians and ranges were reported, we imputed the means by
standard methods.'® Pain scores were assessed using 10 cm
visual analogue scales, 5-point Likert scales or other numerical
rating scales. To create a uniform scale for analysis, we con-
verted mean differences to standardised mean differences,
which are defined as the effect divided by the baseline variabil-
ity.'" Data on duration of morning stiffness were collected simi-
larly. Because these data were always reported as minutes, we
analysed mean differences for morning stiffness.

For safety outcomes, we examined the numbers of patients
with any adverse event (total AE), GI adverse events and GI
bleeding. We defined GI adverse events as any GI complaints,
including nausea, vomiting, diarrhoea and epigastric or abdom-
inal pain, but excluding haematemesis and haematochezia. In
trials that reported the number of events, we used this to
impute the number of affected patients.

We used the Cochrane Collaboration’s tool for assessment of
risk of bias to assess study quality.'® We scored each study on six
domains (sequence generation, allocation concealment, blinding,
incomplete outcome data, selective reporting, other sources of
bias) as high risk, low risk or unclear risk of bias. We considered
a study as low risk for bias due to incomplete outcome data if
either intention-to-treat analysis was performed or the loss to
follow-up proportion was less than 10%.

Statistical analysis

To include cross-over and parallel trials in the analysis without
breaking the randomisation of the cross-over design, we com-
puted the relative effect between the two drugs in each cross-
over trial, while for parallel studies we considered the effect of
each study arm in the trial. For trials that assessed more than
one dose of an NSAID, we combined the effects of the two
doses. Intention-to-treat data were used whenever available. For
studies that did not report intention-to-treat analyses, we
adjusted the end-of-follow-up values by assigning baseline
values to those who dropped out.

We used Bayesian network random effect meta-analysis to syn-
thesise the data for each outcome. This method allows the estima-
tion of indirect effects between two drugs on the basis of observed
direct effects based on the model of consistency, that is, the relative
effect of drugs A and C is the difference of the relative effects of
drugs A and B and drugs B and C if these are directly observed.
The Bayesian model was constructed under this assumption for
the set of drugs that form a connected network, that is, each drug
is connected to every other drug in the set by either a direct or
computable indirect effect given the trials included in the analysis.
The models were optimised and estimates were obtained using
Markov Chain Monte Carlo methods, with weighting for sample

size. The analyses of pain and morning stiffness were performed
under the model assumption of a normal (Gaussian) likelihood
and conjugate priors, which were used to compute the posterior
distribution of the effect of each NSAID compared with placebo
(or another NSAID).'? We presented these results as relative effect
sizes of the two interventions with 95% credible intervals. We ana-
lysed safety outcomes using a Poisson model, where the rate of
events (the hazard) was modelled accounting for study sample
sizes. Results were presented as relative risks of the two interven-
tions in comparison, in the form of log (HR). We assumed that the
hazard did not depend on the duration of each study. All computa-
tions were done using R (V3.1.2) package gemtc (V0.6),"% '*
along with the Markov Chain Monte Carlo engine JAGS
(V3.4.0).5

We performed three subgroup analyses to address trial hetero-
geneity: first excluding cross-over trials without an intervening
washout period; second excluding trials without intention-to-
treat analysis; and third, stratifying by trial duration.

Some trials tested less than full daily doses of NSAIDs.
Therefore, for the pain outcome, we also performed a subgroup
analysis of trials that used full doses, including trials of celecoxib
400 mg daily, diclofenac 150 mg daily, etoricoxib 90 mg daily
or more, indomethacin 100 mg daily or more, ketoprofen
200 mg daily or more, meloxicam 15 mg daily or more,
naproxen 1000 mg daily and phenylbutazone 400 mg daily or
more. For NSAIDs evaluated in a single dosage (eg, piroxicam),
we included trials of the single dosage. Except for indometh-
acin, the full-dose analysis included trials with doses equal to or
higher than 100’ in the Assessment of Spondyloarthritis
International Society (ASAS)-NSAIDs equivalent score.'®

RESULTS

Literature review

Of the 63 trials identified by literature review, we excluded 37,
primarily because no relevant efficacy outcomes or measures of
variation were reported (see online supplementary figure S1).
We included 26 trials with 66 treatment arms and 3410 partici-
pants in the network meta-analysis (table 1)."® '"7® Twenty dif-
ferent NSAIDs were compared in these trials. The sample sizes
ranged from 19 to 611; 15 trials (58%) had fewer than 50 parti-
cipants. Sixteen studies reported parallel controlled trials, and
10 were cross-over trials. Among the 10 cross-over trials, five
trials clearly reported a washout period before the cross-over.
An intention-to-treat analysis was reported in 10 trials (38%).
The mean age of trial participants was 41.3 years and the mean
duration of AS was 10.8 years.

The study quality was moderate to high (see online supple-
mentary figure S2). Eight studies (30%) had high risk of bias
due to incomplete outcome data, and three (11.5%) had high
risk of bias in blinding.

Comparative effects on pain

Twenty-five trials (64 arms, 3370 participants) were included in
the analysis of pain. Ninety per cent of baseline pain scores
were between 37 and 78 (converted to a 0-100 scale) and did
not differ among NSAIDs (see online supplementary figure S3).
The network of treatment comparisons from these trials is
shown in figure 1. All NSAIDs were numerically more effica-
cious than placebo in reducing pain severity, with effect sizes
ranging from —0.65 to —2.2 (figure 2A). Fifteen NSAIDs were
statistically superior to placebo, including etoricoxib, oxaprozin,
diflunisal, isoxicam, phenylbutazone, feprazone, naproxen,
indomethacin, tolmetin, piroxicam, meloxicam, diclofenac,
sulindac, celecoxib and ketoprofen. In paired comparisons,

2

Wang R, et al. Ann Rheum Dis 2015;0:1-9. doi:10.1136/annrheumdis-2015-207677


http://ard.bmj.com/
http://group.bmj.com

Table 1 Characteristics of trials included in the meta-analysis. Trial arms with 0 values for pain and stiffness were the reference arms for determining relative effects of direct comparisons
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Author Year Design Drug and daily dose Full dose analysis  Enrolment (n) Length (weeks) Age (year) Male (%) Disease duration (year) ITT analysis Pain, SMD* Stiffness, MD (min)*
Harkness'’ 1977 €O Feprazone 600 mg Yes 26 4 40 88 10 No 0 =
Indomethacin 100 mg Yes 0.0654+0.18 -
Ansell'® 1978 €O Phenylbutazone 300 mg 12 4 = 92 = Yes 0 =
Naproxen 750 mg —0.298+0.406 -
Ansell'®t 1978 (O Phenylbutazone 300 mg 13 4 - 92 - Yes 0 -
Naproxen 750 mg 0.519+0.502 -
Wordsworth'® 1980 CO Fenoprofen 1800 mg 30 4 = 78 14.9 No 0 0
Phenylbutazone 300 mg —0.587+0.168 —19.6+8.01
Gibson?® 1980 CO Sulindac 400 mg Yes 23 4 38 96 1.5 No 0 0
Indomethacin 100 mg Yes —0.082+0.196  11.1£17.2
Sydnes®' 1981  CO Piroxicam 20 mg 46 4 40 77 - No 0 -
Indomethacin 75 mg 0.321+0.136 -
Sydnes®'+ 1981 €O Piroxicam 20 mg 47 4 40 77 = No 0 =
Indomethacin 75 mg —0.94+0.136 -
Byron®? 1982 (O Naproxen 750 mg 29 4 436 78 17.4 No 0 =
Tolmetin 1200 mg 0.04£0.171 -
Armstrong®® 1984 CO Indomethacin 100 mg ~ Yes 19 4 437 95 14.2 No 0 0
Indoprofen 800 mg Yes 0.154£0.211  0+40.5
Doury®* 1986 €O Isoxicam 200 mg 19 2 425 84 11.4 No 0 0
Ketoprofen 100 mg 0.501+0.216  22.7+33
Schattenkirchner” 1986  CO Acemetacine 180 mg Yes 10 4 39 87 = No 0 =
Diclofenac 150 mg Yes —0.654+0.299 -
Schattenkirchner’>t 1986  CO Acemetacine 180 mg Yes 10 4 39 87 - No 0 -
Diclofenac 150 mg Yes 0.077+0.298 - (@)
Kennedy?® 1991 CO Indomethacin 116 mg  Yes 57 8 45 91 = No 0 0 =3
Ketoprofen 245 mg Yes 0.131+0.132 -32.2+21.4 8
Nahir?’ 1980 P Diclofenac 150 mg Yes 31 4 37 97 = No 0 0 o
Sulindac 400 mg Yes 31 37 97 - 0.161+0.279  —0.968+8.09 g_
Tannenbaum?® 1984 P Indomethacin 100 mg ~ Yes 27 12 34 74 9.7 No 0 0 ®
Piroxicam 20 mg Yes 28 35.6 75 8.8 —0.073£0.414 —12.4+26.5 =
Standel®® 1985 P Piroxicam 20 mg 20 6 - 95 - Yes - 0 %
Tenoxicam 20 mg 20 - 100 - - —20+8.57 §
Bird®® 1986 P Piroxicam 20 mg Yes 15 4 45.7 87 - No 0 - g—
Tenoxicam 20 mg Yes 15 37.7 80 - 0.325+0.285 - Qo
Franssen®' 1986 P Diflunisal 1000 mg 19 12 - 100 - No 0 0 5
Phenylbutazone 400 mg 19 - 100 - 0.195+0.288 —24.6+34.4 :
Astorga®? 1986 P Piroxicam 20 mg Yes 10 12 46.4 80 - Yes 0 0 A
Tenoxicam 20 mg Yes 10 47.8 90 - 0.952+0.346 —5+5.2 g
Continued g‘
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Table 1 Continued :
Author Year Design Drug and daily dose Full dose analysis  Enrolment (n) Length (weeks) Age (year) Male (%) Disease duration (year) ITT analysis Pain, SMD* Stiffness, MD (min)* =3
Myklebust*® 1986 P Naproxen 1000 mg Yes 21 12 M5 57 = No 0 0 %
Piroxicam 20 mg Yes 16 4.7 62 - —0.139+0.258  48.6+28.7 §
Santo®* 1987 P Diclofenac 100 mg 20 6 M8 75 11.1 No 0 0 g—
Oxaprozin 1200 mg 20 36.6 75 11.2 —0.488+0.256 —8.25+8.54 Q
Schwarzer® 1990 P Diclofenac 100 mg 12 12 40 75 7 No 0 0 5
Tenoxicam 20 mg 12 42 100 9 0.417+0.346  232+104 :
Batlle-Gualda®® 199 P Aceclofenac 200 mg Yes 155 12 37.8 0 7.6 Yes 0 0 2
Indomethacin 100 mg Yes 153 39.1 82 74 —0.16+0.183  0.4%5.11 s_n‘
Dougados®’ 1999 P Placebo Yes 121 6 40 72 12 Yes 0 0 o
Piroxicam 20 mg Yes 108 44 77 12 —1.25+0.225 —16+9.8
Meloxicam 22.5 mg Yes 124 42 85 12 —1.55+0.221 —31+9.46
Meloxicam 15 mg Yes 120 44 79 13 —0.895+£0.203 —-20+8.73
Dougados® 2001 P Placebo Yes 76 6 40 n " Yes 0 0
Ketoprofen 200 mg Yes 90 38 67 " —0.533+0.287 —34+21.9
Celecoxib 200 mg 80 38 70 " —0.821+0.305 —35+16.9
Van der Heijde’ 2005 P Placebo Yes 93 6 43.7 80 - Yes 0 -
Etoricoxib 120 mg Yes 92 425 78 - -2.15+0.226 -
Naproxen 1000 mg Yes 99 45 80 = -1.26+0.205 -
Etoricoxib 90 mg Yes 103 43.1 74 - -2.19+0.217 -
Barkhuizen® 2006 P Placebo Yes 156 12 43.8 73 = Yes 0 =
Celecoxib 200 mg 137 43.9 79 - —1.33+0.243 -
Celecoxib 400 mg Yes 161 45.1 70 - -1.42+0.244 -
Naproxen 1000 mg Yes 157 45.4 75 - -1.72+0.244 -
Sieper’ 2008 P Celecoxib 200 mg 153 12 449 69 - Yes 0 -
Diclofenac 150 mg Yes 155 43.4 70 - 0.044£0.193 -
Celecoxib 400 mg Yes 150 46.2 69 - 0.082+0.193 -
Huang®® 2014 P Diclofenac 75 mg 120 6 28.9 84 - Yes 0 -
Celecoxib 200 mg 120 29.8 88 - 0.165+0.215 -
*MeanzSE.
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tCross-over trials that reported results of before and after second washout, the results after washout were recorded separately.
CO, cross-over trials; ITT, intention-to-treat; MD, mean difference; P, parallel trials; SMD, standardised mean difference.
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Figure 1

Network of treatment comparisons of the pain score. The size of the node is proportional to the number of participants. Direct

comparisons in randomised clinical trials are linked with a line; the line thickness corresponds to the number of trials that assessed the comparison.

etoricoxib was significantly more effective than celecoxib, keto-
profen and tenoxicam, with a relative effect sizes of —1.08
(95% Credible Interval —2.14, —0.05), —1.27 (95% Credible
Interval —2.46, —0.12) and -1.55 (95% Credible Interval
—2.77, —0.36), respectively. Subgroup analyses of trials report-
ing intention-to-treat analyses and excluding cross-over trials
without an appropriate washout had similar results (see online
supplementary figures S4A and S$4B). In the stratified analysis by
trial duration, we compared seven NSAIDs assessed in shorter
(<6 weeks) and longer trials (>8 weeks), including indometh-
acin, ketoprofen, piroxicam, tenoxicam, naproxen, diclofenac
and celecoxib, and did not detect a significant difference in
their relative efficacy (see online supplementary figure S5).

The analysis of full-dose NSAID trials included 16 trials
(39 study arms, 2530 participants, see online supplementary
figure S6). We could not include diflunisal, fenoprofen or
phenylbutazone due to lack of direct comparisons. All 14
NSAIDs in this analysis were numerically better than placebo in
decreasing pain severity, with relative effect sizes ranging from
—0.71 to —2.23, and 10 were significantly better than placebo
(figure 2B). In paired comparisons, etoricoxib was the only
medication that showed significant differences relative to other
NSAIDs, and was more efficacious than all other NSAIDs
except diclofenac and feprazone (see online supplementary table
S2). While the relative effect estimates between etoricoxib and

the other NSAIDs were similar in the main analysis and the full
dose subgroup analysis, the credible intervals were narrower in
the full-dose subgroup analysis, resulting in more significant dif-
ferences between etoricoxib and the other NSAIDs.

Comparative effects on morning stiffness

Fifteen trials of 13 NSAIDs (39 arms, 1516 participants) were
included (see online supplementary figure S7). Although all 13
NSAIDs reduced the duration of morning stiffness more than
placebo, none of these reductions was statistically significant
(figure 3).

Comparative risks of adverse events

The analysis of total AE included 25 trials of 19 NSAIDs, and the
analysis of GI AE included 21 trials of 16 NSAIDs. All NSAIDs
except fenoprofen had similar relative risks of total AEs, com-
pared either with placebo (mean log (HR) from —0.69 to 1.26)
or with each other (figure 4A). No AEs were reported for feno-
profen in the one trial in which it was studied. Meloxicam was
not included in this analysis due to missing data.

No NSAID except sulindac demonstrated a significant differ-
ence in the risk of GI AE compared with placebo (mean log
(HR) from —0.41 to 2.39) or with other NSAIDs in these short-
term trials (figure 4B). Sulindac had significantly higher risks of
GI AE compared with placebo and celecoxib. However, it was
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etoricoxib — -2.2(-3.1,-1.3)
oxaprozin - ~——————— -1.7 (-8, -0.36)
diflunisal - -1.6 (-8.1, -0.091)
isoxicam —_———— -1.4 (-2.7,-0.15)
phenylbutazone —_————— -1.4 (-2.5,-0.32)
feprazone - —_————— -1.4 (-2.6, -0.14)
naproxen - —_— -1.3 (-1.9,-0.72)
indomethacin - ———— -1.3 (-2, -0.55)
tolmetin —_—— -1.3 (-2.4,-0.14)
piroxicam - —_—— -1.2 (-1.9, -0.56)
meloxicam = — -1.2(-2.1,-0.31)
diclofenac — —_—— -1.2 (-2, -0.39)
indoprofen S — -1.2 (-2.4, 0.089)
aceclofenac - e B -1.2 (-2.4, 0.082)
sulindac - — -1.1 (2.1, -0.16)
celecoxib - - -1.1 (-1.8, -0.46)
ketoprofen - - -0.94 (-1.7, -0.12)
acemetacine - — -0.91 (-2, 0.21)
fenoprofen - -0.81 (-2.3, 0.62)
tonoxicam| I A -0.65 (-1.5, 0.22)
-3 2 -1 0

Standardized Mean Difference  (95% Credible Intervals)

Figure 2

etoricoxib + ————e—— -2.2(-2.9,-1.5)
naproxen —_— -1.4 (-1.9,-0.88)
piroxicam - —_—— -1.3 (-1.9, -0.75)
meloxicam - _— -1.3 (-2, -0.55)
diclofenac —_— -1.2(-2.1,-0.37)
celecoxib e E— -1.2(-1.9, -0.54)
feprazone - -1.1 (-2.1, -0.044)

indomethacin - -0.99 (-1.8, -0.31)

sulindac S R L — -0.95 (-1.9, -0.13)
acemetacine - -0.89 (-2,0.12)
indoprofen -0.83 (-1.9, 0.19)
aceclofenac - -0.82(-1.9, 0.18)
ketoprofen N -0.76 (-1.4, -0.065)
tenoxicam -+ —_— 1

-0.72 (-1.6, 0.15)

2 -1 0
Standardized Mean Difference (95% Credible Intervals)

(A) Change of pain score in all trials. (B). Change of pain score in trials with full dose non-steroidal anti-inflammatory drugs (NSAIDs).

Relative effect size of each NSAID compared with placebo is represented as standardised mean difference (SMD) with 95% credible interval (Crl),
and is listed in the right column. A negative value means greater reduction in pain compared with placebo.

assessed in one study and no GI AE was recorded for its direct
comparator. Only 6 cases of GI bleeding were reported in 26
trials (diclofenac 1, indomethacin 1, ketoprofen 1, naproxen 2,
phenylbutazone 1), too few for statistical analysis.

isoxicam -65 (-300, 160)
naproxen - -60 (-280, 180)
oxaprozin -47 (-420, 150)

ketoprofen — —_— -41 (-190, 100)
diclofenac - -41 (-350, 110)
celecoxib —_— -38 (-210, 130)
sulindac — T T -25 (-290, 150)
meloxicam - . E— -24 (-180, 140)
indoprofen - -18 (-280, 220)
tenoxicam - — -17 (-170, 190)
aceclofenac -16 (-270, 210)
indomethacin - — -16 (-200, 140)
piroxicam - N -12 (-150, 140)
-4‘00 -2‘00 0 260

Mean Difference (95% Credible Intervals)

Figure 3 Change of duration of morning stiffness. Relative effect size
of each non-steroidal anti-inflammatory drug (NSAID) compared with
placebo is presented as mean difference (MD) with 95% credible
interval (Crl), and is listed in the right column. A negative value means
greater decrease in duration of morning stiffness compared with
placebo.

Summary of relative efficacy and safety

A summary of relative efficacy in pain reduction and risk of
total AE of each NSAID compared with naproxen, a commonly
used NSAID, is presented in figure 5. Although the associations
are not significantly different, etoricoxib and oxaprozin appear
to be more efficacious and have lower risk of total AE than
naproxen, while indoprofen and sulindac tended to be less effi-
cacious with a higher risk of AE.

DISCUSSION

NSAIDs are used regularly by 68% to 83% of patients with
AS.? 3%* In the mid-1980s, indomethacin was the most com-
monly used NSAID among patients with AS in the UK, account-
ing for 35% of prescriptions.” In the mid-1990s in California,
indomethacin was used by 25% of patients,” and in Germany
and Austria in 2000, it was used by only 14% of patients.*®
Other commonly prescribed NSAIDs included naproxen, diclo-
fenac, ibuprofen, piroxicam, and more recently etoricoxib, used
by 7.6% of patients in Sweden.* *'™*3 Despite their wide use,
few studies have examined the relative effectiveness of NSAIDs
in AS. While one study reported that patients treated with indo-
methacin had greater subjective improvement than those treated
with other NSAIDs, another study found no differences among
NSAIDs in the likelihood of major symptom improvement (ie,
at least 50% better).* *' We performed the current comparison
to provide additional information on this question.

For pain reduction, we found that 15 NSAIDs were signifi-
cantly better than placebo, and that etoricoxib was significantly
better than celecoxib, ketoprofen and tenoxicam. There were no
significant differences among NSAIDs in decreasing morning
stiffness or in the risk of AE. When considering only the magni-
tude of effects, etoricoxib and oxaprozin seemed to be more
efficacious in reducing pain and had a better short-term safety
profile compared with naproxen. In contrast, results for indo-
methacin were similar to those for naproxen. However, these
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Figure 4 (A) Total adverse events and (B) gastrointestinal adverse events. Results are presented as relative risk for each non-steroidal

anti-inflammatory drug (NSAID) compared with placebo, in the form of log (HR) with 95% credible interval (Crl). A log (HR) of 0 implies no
difference between the drug and placebo; a negative log (HR) implies the treatment has a lower risk of adverse events than placebo.

differences should be interpreted cautiously. Etoricoxib and oxa-
prozin were each assessed in only one trial. Despite the rigorous
literature search, it is possible that the results are affected by
publication bias. Trials that did not demonstrate that an experi-
mental drug was superior or comparable to a comparator such
as indomethacin might be particularly susceptible to publication
bias. Therefore, further studies of these medications may not

confirm this result. Although we conducted a subgroup analysis
of trials that used full dose NSAIDs, no studies tested indometh-
acin at 150 mg daily.

We chose pain severity and duration of morning stiffness as
the efficacy outcomes because pain and stiffness are the most
common symptoms in patients with AS. Pain and stiffness are
common indications for NSAIDs and were often used as trial
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Figure 5 Summary of relative efficacy and safety of non-steroidal anti-inflammatory drugs (NSAIDs). The y axis represents the relative efficacy in
reducing pain compared with naproxen (arrow), measured by standardised mean difference (SMD) of the change in pain score; a negative value
means greater reduction in pain. The x axis represents the relative risk for total adverse events compared with naproxen, measured by log (HR); a
negative value means the treatment is safer. Therefore, medications in the lower left-hand quadrant are relatively more efficacious and have lower
risk of adverse events than naproxen, while medications in the upper right-hand corner are relatively less efficacious and have higher risks of

adverse events than naproxen.
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end points. Only one study reported the Bath Ankylosing
Spondylitis Disease Activity Index and four reported Bath
Ankylosing Spondylitis Functional Index, so these measures
could not be used in this study. We did not find that any NSAID
significantly improved the duration of morning stiffness relative
to placebo, even though the most efficacious medications
reduced morning stiffness by approximately 1h. This result
likely reflects the poor sensitivity to change of this measure and
the small samples. In contrast, significant differences relative to
placebo were observed for pain, reflecting the better sensitivity
of this measure.

Our study did not detect differences among NSAIDs in the
risk of total AE or GI AE in these short-term trials, mainly
because adverse events were uncommon. Studies with larger
samples and longer durations are needed to provide better esti-
mates. We did not assess cardiovascular side effects, which are
important concerns given evidence of an increased risk of car-
diovascular events in patients with AS.** ** In meta-analyses of
RCTs in conditions other than AS, COX-2 selective inhibitors
were found to have an increased risk for cardiovascular events
compared with placebo.*® In a recent population-based observa-
tional study of patients with AS, no differences in cardiovascular
adverse events were detected among users of etoricoxib, cele-
coxib and non-selective NSAIDs, although selective prescribing
based on pre-existing risks likely affected these comparisons.*?
These considerations should be weighed when recommending
particular NSAIDs.

This is the first study to use network meta-analysis to
compare NSAIDs in AS. Network meta-analysis integrates direct
evidence from RCTs and indirect evidence through a common
comparator,*” and therefore it allows a comprehensive compari-
son of all available interventions. In addition to the limitations
associated with conventional pairwise meta-analysis, such as
publication bias and trial heterogeneity, an attractive but often
misunderstood product of network meta-analysis is the ranking
of interventions based on probability output.* In our study, we
chose to emphasise relative treatment effects, rather than report-
ing the ranks. The major limitations of our study are the
number of available RCTs and small trial sizes. Ten NSAIDs
were studied in a single trial, which may not have afforded a
full assessment of these medications. However, the more com-
monly prescribed NSAIDs, including indomethacin, diclofenac,
naproxen, piroxicam and celecoxib, were included in four to
eight studies. More than half of the trials had fewer than 50
participants. This resulted in wide credible intervals and may
have limited our ability to detect differences among NSAIDs.
Further, we only included RCT evidence in this analysis.
Observational studies may not have the same results.

In conclusion, in short-term clinical trials, we found no evi-
dence to support differential efficacy among NSAIDs in the
treatment of pain or morning stiffness in AS, with the exception
of etoricoxib. Based on the results of one trial, etoricoxib was
more efficacious in the treatment of pain than several other
NSAIDs. Further studies, ideally a large multiarm trial, are
needed to test the relative efficacy and safety of NSAIDs in AS.
Our results suggest the particular medications that would be
most promising to study.
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