(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

TNF-alpha inhibitors for ankylosing spondylitis (Review)

Maxwell LJ, Zochling J, Boonen A, Singh JA, Veras MMS, Tanjong Ghogomu E, Benkhalti Jandu
M, Tugwell P, Wells GA

Maxwell LJ, Zochling J, Boonen A, Singh JA, Veras MMS, Tanjong Ghogomu E, Benkhalti Jandu M, Tugwell P, Wells GA.
TNF-alpha inhibitors for ankylosing spondylitis.

Cochrane Database of Systematic Reviews 2015, Issue 4. Art. No.: CD005468.

DOI: 10.1002/14651858.CD005468.pub2.

www.cochranelibrary.com

TNF-alpha inhibitors for ankylosing spondylitis (Review) Wl LEY
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD005468.pub2
https://www.cochranelibrary.com

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

TABLE OF CONTENTS

ABSTRACT ittt ettt ettt st e et e e tt e st e s bt e e bt e s bt e s st e esste s ste e st e e st e e aee e st e e st e e at e e st e e A b e e e ab e e et e e e st e e e Rbe e e Rt e e eateenabe e e be e e beesbeeebaeenreens 1
PLAIN LANGUAGE SUMMARY  ..eiiitiieeteetesieertesteettestestestesseessesaeesueesseessesasesatesseensesssesssessesssesssesseensesssesssesseensessesnsenseensesssesnsensesnsesssesnns
SUMMARY OF FINDINGS  eeeiteeteieeteetestesteete st e st e stestesstesteesaesatesuaessesssesssesstessesnsesssesssensesnsesnsesssessesnsesnsesssesseensesssesssensesnsesnsesssenseensesses
BACKGROUND ..ottt ettt ettt e s et st et e e s bt e saba e st e e s ba e s s e e e baesasee s st e e st e s st e s sae e ste e ste s st eesabe e abe e st aessbeennbeesnbeensseessseenaseennses 12
OBUECTIVES ettt ettt et sttt e e st e st e s bt e b e sas e s st e s b e e s e s et e saeesseeasesasessee s esasesatesaeeseesseensesaeensesasesase st e sesasesntenseensesasesnsensaensesnsesneensennne 13
METHODS 13
RESULTS 17
Figure 1. 18
Figure 2. 21
Figure 3. 23
Figure 4. 24
Figure 5. 25
Figure 6. 30
DISCUSSION 31
AUTHORS' CONCLUSIONS  ceieteiteieetestesie et s te st e stestesstesueesse st e saaesteessesssasatessaessesssesasensesssesssenseensasnsesssenseesesasesssensesnsesssessaensesssessenns 34
ACKNOWLEDGEMENTS ettt sttt ettt s et e st e st e e st e st e e s b e e sabe e s ba e e s e e e s st e s st eesste e sbessbe s st e ensbessabeeasseessseeasbaesnseesasaenssaeansaens 34
REFERENGCES ..ottt ettt et e sttt st e st e sae e bt st e sme e s bt e b e s s esmeesse e st easesneesseeasesabesseessaeaseeasesneessas st ensesaeessasasesasenseesesnsesnnenseenses 36
CHARACTERISTICS OF STUDIES  .eeeeteiteetestesteeteete st ettt estesteeste st esutestessbessaesseessasssesssessaensesssesssessesnsesssesstensasssesnsenseessesnsesssensesssesssesnes 42
DATA AND ANALYSES ettt ettt ettt sttt st e e sttt s et e s st e e s at e s at e e st e e ab e e st e e st e e abeeesbeeasbeessse e sbeeasbeesaseesssaeessaesssaesasaeesbaesnsaessaasssaennsen 76
Analysis 1.1. Comparison 1 Adalimumab versus placebo, Outcome 1 BASFI (0-10 VAS). 7
Analysis 1.2. Comparison 1 Adalimumab versus placebo, OUtCOME 2 ASAS 40. ...cciveverirerenenesesenesresrestessestestessessessessessessenes 7
Analysis 1.3. Comparison 1 Adalimumab versus placebo, Outcome 3 ASAS partial remission. .......ccccceveveennieneienencnenenenenene 7
Analysis 1.4. Comparison 1 Adalimumab versus placebo, Outcome 4 MRI SPARCC score (lumbar spine; scale 0-108). 7
Analysis 1.5. Comparison 1 Adalimumab versus placebo, Outcome 5 MRI SPARCC score (sacroiliac joint; scale 0-72)). 78
Analysis 1.6. Comparison 1 Adalimumab versus placebo, Outcome 6 Withdrawals due to adverse events. ......ccccceevevererenennne 78
Analysis 1.7. Comparison 1 Adalimumab versus placebo, Qutcome 7 Serious adverse eVENTS. .......cccoeveeeererieerieenreessesenseens 78
Analysis 2.1. Comparison 2 Infliximab versus placebo, OULCOME 1 ASAS 40. ..c.cuicviiiieerieieeeetetee ettt a s sa e s sessens 79
Analysis 2.2. Comparison 2 Infliximab versus placebo, OUtCOME 2 BASFL.  ....coooiiuiiiirirerieiniece ettt ettt 80
Analysis 2.3. Comparison 2 Infliximab versus placebo, Outcome 3 ASAS partial remission. ......ccecceevererenersierinenerereesreennens 80
Analysis 2.4. Comparison 2 Infliximab versus placebo, Outcome 4 Serious adverse eVENTS. ......ccceeeeerievenieresrereneereeeseeesseennens 81
Analysis 2.5. Comparison 2 Infliximab versus placebo, Outcome 5 Withdrawals due to adverse events. ......c.cccoeeeneee 81
Analysis 2.6. Comparison 2 Infliximab versus placebo, Outcome 6 Spinal inflammation (MRI activity score (0-138)). .....cc.eu.... 82
Analysis 2.7. Comparison 2 Infliximab versus placebo, Outcome 7 Spinal inflammation (MRI Activity score >1). .....cccceeeunene. 82
Analysis 3.1. Comparison 3 Golimumab versus placebo, OUtCOME 1 ASASAD. .....ccovirirerieiieerteerie ettt ettt eaes 82
Analysis 3.2. Comparison 3 Golimumab versus placebo, OUtCOME 2 BASFL  ....cccveueirierieerieiteenteerieee e esresssseseeseseessssesassesassenes 83
Analysis 3.3. Comparison 3 Golimumab versus placebo, Outcome 3 ASAS partial remisSion. ......cceceeveereereeriereereenereereereereeneeeens 83
Analysis 3.4. Comparison 3 Golimumab versus placebo, Outcome 4 ASspiMRI-a change from baseline (spinal inflammation, 83
SCOME 0-138)).  weieriierieieeeiete et et et e eteeeteete et eebeesbeesaeeasaebe e beesseessaessenseeaseessenbeeasaesseess e beeaseeaseebs e beenseeaseessenbeenbeeabeebeeseenbeeaseereeteenseearante
Analysis 3.5. Comparison 3 Golimumab versus placebo, Outcome 5 Withdrawals due to adverse events. .......ccccecerveverireniennns 83
Analysis 3.6. Comparison 3 Golimumab versus placebo, Outcome 6 Serious adverse VENL. ......cccvvevverrerreereereereereereereereeseennens 84
Analysis 4.1. Comparison 4 Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo, Outcome 1 ASAS 40. ......... 85
Analysis 4.2. Comparison 4 Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo, Outcome 2 BASFI (0-10 scale, 85
NONE 1O SEVEIE LIMITATIONS).  woiviiiieieietetere et ettt ettt et et e b e b e b e s e b e b e b e s e b e s ensessessessessessessesberse s ebesse b e s esbersebebesesesesersersens
Analysis 4.3. Comparison 4 Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo, Outcome 3 ASAS Partial 86
TEIMISSION.  1eteteuitrteteueueteteteteertetetetesttstebesese s et ebese st e et ebebe et et e beses et et e ke sea et et ebe s e s et et ebesere s et ebesea et et ebeseat e ek ebesen et et ebesen et et ebeneat st ebebeneneaes
Analysis 4.4. Comparison 4 Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo, Outcome 4 Withdrawals due 87
TO AAVEISE EVENTS.  ..uiiiiiieieieieie ettt et b ettt ettt et et et e b et e b et e b et ese st e st s b ea et en e e b eateben e e b et e st st e s et e st et entebenteb et eb et ese b eneteneeen
Analysis 4.5. Comparison 4 Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo, Outcome 5 Serious adverse 88
BVBNTS. oottt a e e a e b e b e b S eRa e e b e e b e e e e b e e s e b e s e b e s e bt e e b e s e be e e ba e e b e e eates
Analysis 5.1. Comparison 5 Etanercept versus infliximab, Outcome 1 ASAS40 - 12 WEEKS. ..ccveereverreveeerieenreesreesreseerereesesesenens 89
Analysis 5.2. Comparison 5 Etanercept versus infliximab, Outcome 2 BASFI - 12 weeks. .......... 89
Analysis 6.1. Comparison 6 Etanercept versus sulphasalazine, Outcome 1 ASAS40 - 16-WeEEK. ..c.ccevveerrecerrererrerireseeerieenreennennns 89
TNF-alpha inhibitors for ankylosing spondylitis (Review) i

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Analysis 6.2. Comparison 6 Etanercept versus sulphasalazine, Outcome 2 BASFL .....ccoiviiirininieiinieeretee ettt 90
Analysis 6.3. Comparison 6 Etanercept versus sulphasalazine, Outcome 3 ASAS Partial remission. ........ccccoceevverecerierenreresecnnnns 90
Analysis 6.4. Comparison 6 Etanercept versus sulphasalazine, Outcome 4 Withdrawals due to adverse events. .......ccocevevernene 90
Analysis 6.5. Comparison 6 Etanercept versus sulphasalazine, Outcome 5 Serious adverse events. ......c..ccccvcevereereeereerereeenns 90
Analysis 7.1. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 1 BASDAL  ....ccoeveuvcerervevencnnes 91
Analysis 7.2. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 2 ASAS20. ....cccevevverevrererrerenne 91
Analysis 7.3. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 3 > 50% BASDAI. .......c.cccc...... 91
Analysis 8.1. Comparison 8 TNF-inhibitors versus placebo, Outcome 1 Withdrawals due to AE. .....ccecevveeiverenereneneierieesreenne 92
Analysis 8.2. Comparison 8 TNF-inhibitors versus placebo, Outcome 2 Serious adverse VENtS. .....cccccvvevvevvercenenienesiesiesiesienenne 93
ADDITIONAL TABLES ..ottt ettt sttt e e st e st e e s bt e st e s bt e et e e s bt e sba e s b e eesbeesaseeess e e e st e s st aessteessbe e sbeesste e sbeessaessteensneesssassnsannnne 94
APPENDICES 106
HISTORY ettt ettt ettt et et st e st e e te st e st e st e et e sab e s st esbe e besat e seenbeeasesstesaeenseeasesssen st ensesasesatenseessesasessa e beentesasenseensaensesatenaeensasasesanans 113
CONTRIBUTIONS OF AUTHORS ..ottt ettt et s e e st e sabt e st e e s bt e s bt e st e e e b e e s bt e esba e e bt e s st eesbaeesste s saeeste e sbesssaessteessessssessntannnne 114
DECLARATIONS OF INTEREST ' ceonetitteieeiertesttetestestesttestesaeesutesteessesasesueessesssesasesneessesasesasesseessesssesssesntensessesnsesseensesssesnsesseensessseensesseensens 114
SOURCES OF SUPPORT  ..eeitiitietenieeiteetestesteestestesteesteste st esteessesatessaestesssesasasseensasssesssensesnsesssesssenseensesssesseenseessesssesseensesssesssesseensesssessense 114
DIFFERENCES BETWEEN PROTOCOL AND REVIEW  ....neeiiiiiiteeteett ettt ettt ste st e et e s bt s b e st e s beesbaesbaesbeesasaesssaessseesasaesnsaesnsen 114
INDEX TERMS ettt ettt et st ettt e st e sut et e b e s it e s bt e bt e s e s asesat e b e eas e s et e sat e b eease s et e nee s e aaseea s e st e s esasesase st e s asasesnteseensesaseentensessesasennes 115
TNF-alpha inhibitors for ankylosing spondylitis (Review) i

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

TNF-alpha inhibitors for ankylosing spondylitis

Lara J Maxwelll, Jane Zochling2, Annelies Boonen3, Jasvinder A Singh4, Mirella MS Veras>, Elizabeth Tanjong Ghogomu6, Maria Benkhalti
Jandu?, Peter Tugwell8, George A Wells®

1Centre for Practice-Changing Research (CPCR), Ottawa Hospital Research Institute (OHRI), The Ottawa Hospital - General Campus,
Ottawa, Canada. 2Menzies Research Institute, Hobart, Australia. 3Department of Rheumatology, Caphri Research Institute, 6202 AZ
Maastricht, Netherlands. 4Department of Medicine, Birmingham VA Medical Center, Birmingham, AL, USA. 5Ecole de Readaptacién,
Université de Montreal, Montreal, Canada. 6Bruyére Research Institute, University of Ottawa, Ottawa, Canada. 7Centre for Global Health,
Institute of Population Health, University of Ottawa, Ottawa, Canada. 8Department of Medicine, Faculty of Medicine, University of
Ottawa, Ottawa, Canada. 9Department of Epidemiology and Community Medicine, University of Ottawa, Ottawa, Canada

Contact: Lara J Maxwell, Centre for Practice-Changing Research (CPCR), Ottawa Hospital Research Institute (OHRI), The Ottawa Hospital
- General Campus, 501 Smyth Road, Box 711, Ottawa, ON, K1H 8L6, Canada. Imaxwell@uottawa.ca.

Editorial group: Cochrane Musculoskeletal Group.
Publication status and date: New, published in Issue 4, 2015.

Citation: Maxwell LJ, Zochling J, Boonen A, Singh JA, Veras MMS, Tanjong Ghogomu E, Benkhalti Jandu M, Tugwell P, Wells GA.
TNF-alpha inhibitors for ankylosing spondylitis. Cochrane Database of Systematic Reviews 2015, Issue 4. Art. No.: CD005468. DOI:
10.1002/14651858.CD005468.pub2.

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

TNF (tumor necrosis factor)-alpha inhibitors block a key protein in the inflammatory chain reaction responsible for joint inflammation,
pain, and damage in ankylosing spondylitis.

Objectives

To assess the benefit and harms of adalimumab, etanercept, golimumab, and infliximab (TNF-alpha inhibitors) in people with ankylosing
spondylitis.

Search methods

We searched the following databases to January 26, 2009: MEDLINE (from 1966); EMBASE (from 1980); the Cochrane Central Register of
Controlled Trials (CENTRAL; 2008, Issue 4); ACP Journal Club; CINAHL (from 1982); and ISI Web of Knowledge (from 1900). We ran updated
searches in May 2012, October 2013, and in June 2014 for McMaster PLUS. We searched major regulatory agencies for safety warnings and
clinicaltrials.gov for registered trials.

Selection criteria

Randomized controlled trials (RCTs) comparing adalimumab, etanercept, golimumab and infliximab to placebo, other drugs or usual care
in patients with ankylosing spondylitis, reported in abstract or full-text.

Data collection and analysis

Two authors independently assessed search results, risk of bias, and extracted data. We conducted Bayesian mixed treatment comparison
(MTC) meta-analyses using WinBUGS software. To investigate a class-effect of harms across biologics, we pooled harms data using Review
Manager 5.
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Main results

We included twenty-one, short-term (24 weeks or less) RCTs with a total of 3308 participants; 18 contributed data to the MTC analysis:
adalimumab (4 studies), etanercept (8 studies), golimumab (2 studies), infliximab (3 studies), and one head-to-head study (etanercept
versus infliximab) which was unblinded and considered at a higher risk of bias. The risk of selection and detection bias was low or unclear
for most of the studies. Therisk of selective outcome reporting was low for most studies as they reported on outcomes recommended by the
Assessment of SpondyloArthritis international Society. We found little heterogeneity and no significant inconsistency in the MTC analyses.
The majority of the studies were funded by pharmaceutical companies. Most studies permitted concomitant therapy of stable doses of
disease-modifying anti-rheumatic drugs, non-steroidal anti-inflammatory drugs, or corticosteroids, but allowances varied across studies.

Compared with placebo, there was high quality evidence that patients on an anti-TNF agent were three to four times more likely to
achieve an ASAS40 response (assessing spinal pain, function, and inflammation, as measured by the mean of intensity and duration of
morning stiffness, and patient global assessment) by six months (adalimumab: risk ratio (RR) 3.53, 95% credible interval (Crl) 2.49 to 4.91;
etanercept: RR 3.31, 95% Crl 2.38 to 4.53; golimumab: RR 2.90, 95% Crl 1.90 to 4.23; infliximab: RR 4.07, 95% Crl 2.80 to 5.74, with a 25%
to 40% absolute difference between treatment and placebo groups. The number needed to treat (NNT) to achieve an ASAS 40 response
ranged from 3 to 5.

There was high quality evidence of improvement in physical function on a 0 to 10 scale (adalimumab: mean difference (MD) -1.6, 95% Crl
-2.2 to -0.9; etanercept: MD -1.1, 95% Crl -1.6 to -0.6; golimumab: MD -1.5, 95% Crl -2.3 to -0.7; infliximab: MD -2.1, 95% Crl -2.7 to -1.4,
with an 11% to 21% absolute difference between treatment and placebo groups. The NNT to achieve the minimally clinically important
difference of 0.7 points ranged from 2 to 4.

Compared with placebo, there was moderate quality evidence (downgraded for imprecision) that patients on an anti-TNF agent were more
likely to achieve an ASAS partial remission by six months (adalimumab: RR 6.28, 95% Crl 3.13 to 12.78; etanercept: RR 4.24,95% Crl 2.31 to
8.09; golimumab: RR 5.18,95% Crl 1.90 to 14.79; infliximab: RR 15.41, 95% Crl 5.09 to 47.98 with a 10% to 44% absolute difference between
treatment and placebo groups. The NNT to achieve an ASAS partial remission response ranged from 3 to 11.

There was low to moderate level evidence of a greater reduction in spinal inflammation as measured by magnetic resonance imaging
though the absolute differences were small and the clinical relevance of the difference was unclear: adalimumab (1 trial; -6% (95%
confidence interval (Cl) -12% to 0.05%); 1 trial: 53.6% mean decrease from baseline versus 9.4% mean increase in the placebo group),
golimumab (1 trial; -2.5%, (95% Cl -5.6% to -0.7%)), and infliximab (1 trial; -3% (95% Cl -4% to -2.4%)).

Radiographic progression was measured in one trial (N = 60) of etanercept versus placebo and it found that radiologic changes were similar
in both groups (detailed data not provided).

There were few events of withdrawals due to adverse events leading to imprecision around the estimates. When all the anti-TNF agents
were combined against placebo, there was moderate quality evidence from 16 studies of an increased risk of withdrawals due to adverse
events in the anti-TNF group (Peto odds ratio (OR) 2.44, 95% Cl 1.26 to 4.72; total events: 38/1637 in biologic group; 7/986 in placebo)
though the absolute increase in harm was small (1%; 95% CI 0% to 2%).

Due to low event rates, evidence of the effect of individual TNF-inhibitors against placebo or for all four biologics pooled together versus
placebo on serious adverse events is inconclusive (moderate quality; downgraded for imprecision). For all anti-TNF pooled versus placebo
based on 16 studies: Peto OR 1.45, 95% Cl 0.85 to 2.48; 51/1530 in biologic group; 18/878 in placebo; absolute difference: 1% (95% CI 0%
to 2%).

Using indirect comparison methodology, and one head-to-head study of etanercept versus infliximab, wide confidence intervals meant
that results were inconclusive for evidence of differences in the major outcomes between different anti-TNF agents. Regulatory agencies
have published warnings about rare adverse events of serious infections, including tuberculosis, malignancies and lymphoma.

Authors' conclusions

There is moderate to high quality evidence that anti-TNF agents improve clinical symptoms in the treatment of ankylosing spondylitis.
More participants withdrew due to adverse events when on an anti-TNF agent but we did not find evidence of an increase in serious adverse
events, though event rates were low and trials had a short duration. The short-term toxicity profile appears acceptable. Based on indirect
comparison methodology, we are uncertain whether there are differences between anti-TNF agents in terms of the key benefit or harm
outcomes.

PLAIN LANGUAGE SUMMARY
Anti-TNF-alpha drugs for treating ankylosing spondylitis

Researchers looked at trials done up to June 2014 on the effect of anti-TNF drugs (adalimumab (Humira®), etanercept (Enbrel®), golimumab
(Simponi®), and infliximab (Remicade®)) on ankylosing spondylitis. They found 21 trials with 3308 participants. Most studies were funded
by pharmaceutical companies.
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What is ankylosing spondylitis and what are anti-TNF drugs?

Ankylosing spondylitis is a type of arthritis, usually in the joints and ligaments of the spine, but it may also affect other joints. Pain and
stiffness occurs and limits movement in the back and affected joints. It can come and go, last for long periods, and be quite severe.

Anti-TNF drugs target a protein called 'tumor necrosis factor' that causes inflammation. These drugs suppress the immune system and
reduce the inflammation in the joints, with the aim of preventing damage. Even though suppressing the immune system can make it slightly
harder to fight off infections, it also helps to stabilize an overactive immune system.

The review shows that in people with ankylosing spondylitis, using anti-TNF drugs for up to 24 weeks:

- improves pain, function and other symptoms of ankylosing spondylitis;

- may increase the chance of achieving partial remission of symptoms of ankylosing spondylitis;

- probably slightly improves spinal inflammation, as measured by magnetic resonance imaging (MRI); and
- probably causes slightly more people to drop out of studies because of side effects.

We do not have precise information about side effects and complications, but in these short-term studies there was no evidence of an
increase in serious adverse events. Possible side effects may include a serious infection (like tuberculosis) or upper respiratory infection.
Rare complications may include certain types of cancer.

Best estimate of what happens to people with ankylosing spondylitis who take anti-TNF drugs for up to 24 weeks:

ASAS40 (40% improvement in pain, function, and inflammation as measured by morning stiffness, and patient overall well-being)

Compared to 13 people out of 100 who experienced an improvement with a placebo, among people who took:

- adalimumab: 46 people out of 100 experienced improvement (33% improvement);

- etanercept: 43 people out of 100 experienced improvement (30% improvement);

- golimumab: 38 people out of 100 experienced improvement (25% improvement); and
- infliximab: 53 people out of 100 experienced improvement (40% improvement).

Partial remission (defined as a value of less than 2 on a 0 to 10 scale in each of pain, function, and inflammation as measured by
morning stiffness, and patient overall well-being)

Compared to 3 people out of 100 who experienced an improvement with a placebo, among people who took:

- adalimumab: 19 people out of 100 experienced partial remission (16% improvement);

- etanercept: 13 people out of 100 experienced partial remission (10% improvement);

- golimumab: 16 people out of 100 experienced partial remission (13% improvement); and
- infliximab: 47 people out of 100 experienced partial remission (44% improvement).

Physical function (lower score means better function; 0 to 10 scale)
Compared to a score of 5 in people who took placebo, among people who took:

- adalimumab, they rated their function to be 3.4 (16% improvement);

- etanercept, they rated their function to be 3.9 (11% improvement);

- golimumab, they rated their function to be 3.5 (15% improvement); and
- infliximab, they rated their function to be 2.9 (21% improvement).

Spinal inflammation as measured by magnetic resonance imaging (MRI)

Compared to people who took placebo, a small improvement in spinal inflammation was seen in:

- adalimumab (6% improvement);
- golimumab (2.5% improvement); and
- infliximab (3% improvement).

X-rays of the joints
Only one study looked at x-rays and found that joint changes were similar in both groups (detailed data not provided).
Side effects

When all the anti-TNF drugs were combined, 16 people out of 1000 dropped out of the study because of side effects compared to 7 people
out of 1000 who took placebo (absolute increase 1%).

TNF-alpha inhibitors for ankylosing spondylitis (Review) 3
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There may be little or no difference in the number of people who have a serious side effect with an anti-TNF drug compared to people
who take a fake pill.
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Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay L ST0Z @ 3y3uAdod

(ma1nay) snnApuods SuisojAxue 1oy sa0yqiyul eydje-4NL

SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings table

TNF-alpha inhibitors for ankylosing spondylitis (short-term results < 24 weeks)

Outcome Intervention and Illustrative comparative risks Relative ef- Number of Quality of the Comment
. fect participants evidence
COIDaNISon Assumedrisk  Corresponding X
o (95% Crl) (studies) (GRADE)
with com-
paratorl with interven-
tion (95% Cl or
crl)
Placebo TNF-alphain-
hibitor
ASAS40
Adalimumab ver- 13 per 100 46 per 100 RR 3.53 659 SODD Absolute increased benefit % = 33% (95%
sus placebo (32to 64) (2.49t0 4.91) (2 studies) high Crl 19% to 51%)
Relative % change=253% (95% CI 149% to
391%)
NNT =4 (95% Cl 2 to 6)
Etanercept (25 13 per 100 43 per 100 RR3.31 584 EPTD Absolute increased benefit % = 30% (95%
mg twice week- (31to 59) (2.38t0 4.53) (3 studies) high Crl 18% to 46%)
ly or 50 mg once
weekly) versus Relative % change =231% (95% CI 138% to
placebo 353%)
NNT =4 (95% Cl 3 to 6)
Golimumab ver- 13 per 100 38 per 100 RR2.90(1.90 429 SODD Absolute increased benefit % = 25% (95%
sus placebo (25 to 55) t0 4.23) (2 studies) high Crl 12% to 42%)
Relative % change = 190% (95% CI 90% to
323%)
NNT =5 (95% Cl 3to 9)
Infliximab versus 13 per 100 53 per 100 RR 4.07 355 BEDHD Absolute increased benefit % = 40% (95%
placebo (36 to 75) (2.80t0 5.74) (2 studies) high Crl 23% to 62%)
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Relative % change = 307% (95% CI 180% to
474%)

NNT= 3 (95% Cl 2 to 5)

BASFI (0 to 10 scale)

Adalimumabver-  The mean The mean 786 OPDD Absolute increased benefit % =-16% (95%
sus placebo BASFI in BASFI in the (4 studies) high Crl-22% to -9%);
the control intervention Relative % change from baseline =-32%
groups was groups was (-44% to -18%);
5 points 1.6 lower NNT to achieve the MCID of 0.7 points =4
(2.2t0 0.9 low- (95% Cl3to 5)
er)
Etanercept (25 The mean The mean 553 DHEBD Absolute increased benefit % =-11% (95%
mg twice week- BASFl in BASFl in the (6 studies) high Crl-16% to -6%);
ly or 50 mg once the control intervention
weekly) versus groups was groups was Relative % change from baseline =-22%
placebo 5 points 1.1 lower (-32% to -12%);
(1.6 t0 0.6 low- NNT to achieve the MCID of 0.7 points = 4 (4
er) to 6)
Golimumab ver- The mean The mean 429 DED Absolute increased benefit % =-15% (95%
sus placebo BASFI in BASFI in the (2 studies) high Crl-23% to -7%)
the control intervention
groups was groups was Relative % change from baseline = -30%
5 points 1.5 lower (-46% to -14%)
(2.3t0 0.7 low- . .
er) NNT to achieve the MCID of 0.7 points =4 (3
to5)
Infliximab versus ~ The mean The mean 348 SODD Absolute increased benefit % =-21% (95%
placebo BASFI in BASFI in the (2 studies) high Crl-27% to -14%)
the control intervention
groups was groups was Relative % change from baseline = -42%
5 points 2.1 lower (-54% to -28%)
gr')Y to L4 low NNT to achieve the MCID of 0.7 points =2 (2
to 3)
ASAS partial remission
Adalimumabver- 3 per 100 19 per 100 RR6.28 659 P00 Absolute increased benefit % = 16% (95%
sus placebo (9to 38) (3.13to (2 studies) moderate2 Crl 6% to 35%)
12.78)
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Relative % change = 528% (95% Cl 213% to
1178%)

NNT =7 (95% CI 3 to 16)

Etanercept (25 3 per 100 13 per 100 RR 4.24 785 DDDO Absolute increased benefit % = 10% (95%
mg twice week- (7 to 24) (2.31t0 8.09) (3 studies) moderate2 Crl 4% to 21%)
ly or 50 mg once Relative % change = 324% (95% Cl 131% to
weekly) versus 709%);
placebo NNT =11 (95% CI 5 to 26)
Golimumab ver- 3 per 100 16 per 100 RR5.18 (1.90 216 SDOO Absolute increased benefit % = 13% (95%
sus placebo (6 to 44) to 14.79) (1 study) moderate2 Crl 3% to 41%)
Relative % change = 418% (95% CI 90% to
1379%);
NNT =8 (95% ClI 3 to 38)
Infliximab versus 3 per 100 47 per 100 RR 15.41 348 SPPO Absolute increased benefit % = 44% (95%
placebo (16 to 90) (5.09 to (2 studies) moderate2 Crl 13% to 87%)
47.98)
Relative % change = 1441% (95% CI 409% to
4698%)
NNT =3 (95% Cl 2 to 8)
MRI of spinal inflammation
Adalimumabver-  The mean The mean 46 SO0 Absolute increased benefit % =-6% (95% Cl
sus placebo SPARCC score  SPARCC score (1 study) moderate3 -12% to 0.05%)
inthe control  intheinterven-
Lumbar spine groups was tion groups was Relative % change = -33% (95% CI -66% to
MRI; SPARCC 16.1 6.5 lower 0%)
score (0 to 108) (13.06 t0 0.06
higher) NNT =n/a

2nd study with MRI data: Lambert 2007 (N
=82): % change from baseline in SPARCC
score, week 12 (no variance provided)

1. Spine:
Adalimumab group =53.6% mean decrease

Placebo group =9.4% mean increase
Between group: P <0.001

2. Sacroiliac joint, % mean decrease:
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Adalimumab group =52.9%,
Placebo group =12.7%

Between group: P=0.017

Etanercept (25 See comment  See comment Not estimable 0 See comment  No studies assessed this outcome

mg twice week- (0)

ly or 50 mg once

weekly) versus

placebo

Golimumab ver- The mean The mean 60 SDOO Absolute increased benefit % =-2.5% (95%

sus placebo changeinthe changeinthe (1 study) lows3,4 Cl -5.6% to -0.7%)

control group  golimumab

Change from was group was Relative % change = -35% (95% CI -80% to

baselinein AS -2.5 points 3.4 points low- 9%)

spine MRI activi- er

ty score (0 to 138; NNT=n/a

lower means less (7.7 t0 0.90

erosions or ede- points lower)

ma)

Infliximab versus ~ The mean The mean 266 ©ODO Absolute increased benefit % =-3% (95% ClI

placebo changeinthe changeinthe (1 study) moderate5 -4% to -2.4%)

control group infliximab

Change from was group was Relative % change =-62% (95% CI -79% to

baseline in AS -0.6 points 4.4 points low- -46%)

spine MRI activi- er

ty score (0 to 138; NNT=3(95% CI3to 5)

lower means less (5.6t03.3 .

erosions or ede- points lower) |nmar3|2010 assessed MR_I in a substudy (N

ma) =26): Yvhen.the evaluation was bas‘ed _on
the entire spine (23 DVU score), the inflix-
imab group had a mean reduction of 57.2%
compared to 3.4% in the placebo group (P <
0.001)"

Radiographic progression

Adalimumabver- ~ Seecomment  See comment Not estimable 0 See comment  No studies assessed this outcome

sus placebo (0)

Etanercept (25 See comment  See comment Not estimable 0 See comment  No studies measured this outcome

mg twice week-
ly or 50 mg once
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weekly) versus

placebo
Golimumab ver- Seecomment  See comment Not estimable 0 Seecomment  No studies measured this outcome
sus placebo (0)
Infliximab versus ~ Seecomment  See comment Not estimable 0 See comment  Braun 2002 (N = 60) used the Bath Ankylos-
placebo (0) ing Spondylitis Radiology Index (BASRI) to
measure radiographic progression but de-
tailed data was not provided. The results
stated the "initial degree of radiological axi-
al changes assessed by the BASRIs was simi-
lar in both groups"
Withdrawals
due to ad-
verse events
Adalimumab ver- 7 per 1000 12 per 1000 RR 1.69 659 DDBO Absolute increased harm % = 0.6% (95% Crl
sus placebo (3to 80) (0.35to (2 studies) moderate2 -0.4% to 7%)
10.84)
Relative % change = 69% (95% CI -65% to
984%)
NNT =n/a
Etanercept (25 7 per 1000 26 per 1000 RR 3.65 1061 SPPO Absolute increased harm % = 2% (95% Crl
mg twice week- (9to 83) (1.27to (8 studies) moderate2 0.2% to 8%)
ly or 50 mg once 11.79)
weekly) versus Relative % change = 265% (95% Cl 27% to
placebo 1079%)
NNTH =54 (95% CI 14 to 530)
Golimumab ver- 7 per 1000 14 per 1000 RR 1.97 (0.36 429 DDDO Absolute increased harm % = 1.6% (95% Crl
sus placebo (3to 123) to 17.51) (2 studies) moderate2 -0.4% to 11.6%)
Relative % change = 97% (95% Cl -64% to
1651%)
NNTH =n/a
Infliximab versus 7 per 1000 12 per 1000 RR1.77 424 PO Absolute increased harm % = 0.5% (95% Crl
placebo (3to0 59) (0.43 to 8.46) (3 studies) moderate2 -0.4% to 5.6%)

Relative % change = 77% (95% Cl -43% to
746%)
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0T

NNT =n/a
All anti-TNF 7 per 1000 16 per 1000 PetoOR2.44 2623 PP Absolute increased harm % = 1% (95% Cl
agents versus (8to33) (1.26t0 4.72 (16 studies) moderate2 0% to 2%)
placebo
Relative % change = 130% (95% CI 12% to
371%)
NNTH = 101 (95% Cl 555 to 40)
Serious ad-
verse events
Adalimumab ver- 15 per 1000 14 per 1000 RR0.92 659 DDDO Absolute increased harm %=-0.2% (95% Crl
sus placebo (4 to 59) (0.26 t0 3.93) (2 studies) moderate2 -1.1% to 4.4%);
Relative % change=-8% (95% Cl -74% to
293%);
NNT=n/a
Etanercept (25 15 per 1000 25 per 1000 RR 1.69 1061 PO Absolute increased harm % = 1% (95% Crl
mg twice week- (11 to 56) (0.76 t0 3.72) (8 studies) moderate2 -0.4% to 4.1%)
ly or 50 mg once
weekly) versus Relative % change = 67% (95% CI -27% to
placebo 282%)
NNT =n/a
Golimumab ver- 15 per 1000 10 per 1000 RR 0.69 216 P00 Absolute increased harm % = -0.5% (95% Crl
sus placebo (2 to 50) (0.15t0 3.32) (1 study) moderate2 -1.3% to 3.5%);
Relative % change=-31% (95% CI -85% to
232%);
NNT =n/a
Infliximab versus 15 per 1000 38 per 1000 RR 2.53 422 DDDO Absolute increased harm % = 2.3% (95% Crl
placebo (11to 166) (0.76 to (3 studies) moderate2 -0.4% to 15.1%)
11.09)
Relative % change = 153% (95% CI -24% to
1009%)
NNT=n/a
All anti-TNF 15 per 1000 22 per 1000 PetoOR1.45 2408 SDBO Absolute increased harm % = 1% (95% Cl
agents versus (13 to 36) (0.85 to 2.48) (15 studies) moderate2 0% to 2%)
placebo

Relative % change = 41% (95% Cl -15% to
136%)
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IT

NNTH =n/a

95% Cl = 95% confidence interval; 95% Crl=95% credible interval; n/a = not applicable; NNTH = Number needed to treat for harm; RR = risk ratio; OR = odds ratio; Sl = sacroiliac
joint; SPARCC = Spondyloarthritis Research Consortium of Canada

NNT = not applicable for non-statistically significant results

Note: Results for ASAS40, BASFI, ASAS partial remission, withdrawals due to adverse events, and serious adverse events are based on the mixed treatment comparison analyses.
The 'All anti-TNF agents versus placebo' results for withdrawals due to adverse events and serious adverse events are based on standard meta-analyses in Review Manager 5.3.
1 Assumed risk based on the placebo event rate as calculated in the mixed treatment comparison analysis.

2 Downgraded for imprecision; fewer events than 300 (a threshold rule-of-thumb) and wide confidence interval.

3 Downgraded for imprecision: total population is < 400.

4 MRI substudy (N = 60 for placebo and 50 mg golimumab arms) conducted at 10/57 participating sites; N = 216 in full RCT; readers were blinded but concerns regarding only
modest level of agreement. Downgraded for concerns regarding missing data (12% did not have baseline and follow-up MRIs and imputed 7% of scores at week 14).

5 Downgraded for imprecision; total population is < 400. MRI data available for 194/201 in infliximab group; 72/78 in placebo group.
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BACKGROUND

Description of the condition

Ankylosing spondylitis is a chronic, inflammatory rheumatic
disease characterized by inflammatory back pain due to sacroiliitis
and spondylitis, enthesitis, and the formation of syndesmophytes
(bony growths) leading to ankylosis. Extraspinal manifestations
are common, including peripheral arthritis (25% to 50%), uveitis
(eye inflammation) (25% to 40%), and inflammatory bowel disease
(26%), and contribute to disease morbidity (Edmunds 1991; Inman
2011).

The etiology of the disease is not yet fully understood but there
is a strong association with the HLA-B27 gene (Inman 2011).
Studies have shown the prevalence of ankylosing spondylitis in
the adult general population to vary from 0.4% (Alaskan Inuit) to
1.4% (Northern Norway) (Khan 2002). A general rule is that the
prevalence of ankylosing spondylitis is highest in HLA-B27-positive
patients with a family member who also has the disease (20%), is
least in the general population (0.2%), and is about 2% in those
positive for HLA-B27 (Inman 2011). The peak age of onsetisin young
adults between 20 and 30 years, although there is often a five to six
year delay in diagnosis (Khan 2002).

Clinical symptoms usually begin with back pain and stiffness
in adolescence and early adulthood which shows improvement
with exercise and can lead to impaired spinal mobility, or chest
expansion, or both. The disease course of ankylosing spondylitis
is highly variable, with back pain and stiffness often the primary
features early in the process, and chronic pain and joint changes
later on (Inman 2011). The burden of disease in ankylosing
spondylitis has been found to be similar to that of rheumatoid
arthritis in terms of pain, disability and decreased well-being
(Zink 2000). Additionally, compared to the general population,
those with ankylosing spondylitis experience higher work disability
and absence from work, which can lead to substantial direct
and indirect socioeconomic costs (Boonen 2001a; Boonen 2001b;
Montacer 2009).

The goals of treatment of ankylosing spondylitis are to relieve
symptoms (pain, stiffness, joint swelling), improve physical
function, and delay or avoid structural damage which leads
to physical impairments and deformities. Ankylosing spondylitis
requires a multidisciplinary treatment approach and is usually
managed with a combination of exercises, physiotherapy and drug
therapy. Regular exercise is crucial for maintaining or improving
spinal mobility and physical function (Dagfinrud 2008). Non-
steroidal anti-inflammatory drugs (NSAIDs) are the mainstay of
symptomatic drug therapy, reducing the pain and stiffness of
inflammation. Although these interventions can alleviate the
symptoms of the disease, it is not clear whether they are able
to prevent or delay the structural damage leading to physical
disability. Some evidence suggests continuous NSAID therapy
may have an effect on the spinal radiographic changes seen
in ankylosing spondylitis (Wanders 2005). At least one-third of
patients respond insufficiently to NSAID therapy or experience
serious side effects from NSAIDs and thus require disease
controlling drugs in addition to symptom-modifying treatment. In
contrast to rheumatoid arthritis, there are no established disease-
modifying anti-rheumatic treatments in ankylosing spondylitis,
although sulphasalazine may be effective for peripheral joint
symptoms but not for axial disease (Dougados 2002; Chen 2014).

Description of the intervention

A major advance in treatment options for ankylosing spondylitis
is the development of biologic therapies which target specific
elements of the immune system. Tumor necrosis factor (TNF)-
alpha is a protein that the body produces during the inflammatory
response. TNF-alpha promotes inflammation and subsequent
pain, tenderness, swelling and fever in several inflammatory
conditions, including ankylosing spondylitis. Four anti-TNF agents,
also known as TNF-inhibitors, have been developed to target the
binding of this protein, thus reducing the pain, swelling, and
inflammation associated with ankylosing spondylitis. The generic
and trademark drug names are: adalimumab (Humira®), etanercept
(Enbrel®), golimumab (Simponi®), and infliximab (Remicade®).
Infliximab is given as an intravenous infusion over one to two
hours while etanercept, adalimumab, and golimumab are given
as subcutaneous injections. Etanercept and adalimumab are given
as weekly or bi-weekly injections, while golimumab is injected
once a month. Recognized contraindications for treatment include
tuberculosis, multiple sclerosis, lupus, malignancy, pregnant or
lactating women, heart failure, hepatitis, and pneumonia.

How the intervention might work

As the result of research demonstrating that tumor necrosis
factor-alpha (TNF-alpha) is present in inflamed sacroiliac joints
(Braun 1995), treatments were developed to block TNF-alpha.
Etanercept is a receptor fusion protein that binds to TNF-alpha,
thus competitively inhibiting the binding of TNF-alpha to the
cell surface. Infliximab is a chimeric (mouse/human) monoclonal
antibody of the IgG1lk isotype that binds with a high affinity to
TNF-alpha. Adalimumab is a recombinant human IgG1 monoclonal
antibody specific for human TNF-alpha, and golimumab is a
human monoclonal antibody that binds to both soluble and
transmembrane TNF-alpha. These four agents prevent TNF-alpha
from promoting inflammation and therefore are thought to
interrupt the processes responsible for the pain, tenderness, and
swelling of joints in patients with ankylosing spondylitis.

Why it is important to do this review

Early open label studies demonstrated that biologics are
efficacious in ankylosing spondylitis (Brandt 2000; Haibel 2004;
Maksymowych 2002; Marzo-Ortega 2001; Stone 2001) and RCTs
showed them to be effective in improving disease activity, spinal
mobility, function, and pain (Braun 2002; Gorman 2002; Van Den
Bosch 2002). Recognized adverse effects of anti-TNF-alpha therapy
include serious infections such as tuberculosis, allergic reactions
and autoimmune reactions.

The relatively high cost of treatment and possible serious
side effects of anti-TNF-alpha therapy led the Assessment of
SpondyloArthritisinternational Society (ASAS) (Braun 2003; van der
Heijde 2011) and the Spondyloarthritis Research Consortium of
Canada (Maksymowych 2003) to develop recommendations for the
use of TNF-alpha inhibitors in ankylosing spondylitis.

While these biologics offer an important therapeutic advance by
appearing to reduce disease activity and improve function and
well-being of patients, it is important to understand and try to
quantify not only the potential benefits of this treatment, but also
the potential harms. Clinicians and patients need this information
in order to make an informed decision about the trade-offs of
using this treatment option. The evidence base for the individual
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biologics compared to each other is of interest to patients and
other healthcare decision makers. We will include certolizumab in
an update of this review. Head-to-head studies (i.e. one biologic
versus another) are usually rare so we will undertake indirect
comparisons using network meta-analysis methodology to address
this question.

OBJECTIVES

To assess the benefits and harms of adalimumab, etanercept,
golimumab, and infliximab (TNF-alpha inhibitors) in people with
ankylosing spondylitis.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) and controlled
clinical trials (CCTs). We defined 'short-term' benefit and harms as
those with equalto or less than sixmonths duration and 'long-term’
benefit and harms as longer than six months.

Types of participants

We included studies of patients meeting the following ankylosing
spondylitis classification criteria: 1961 Rome, 1966 New York,
or modified 1984 New York. We did not apply any additional
restrictions in studies with regard to age of patients, past or present
(co-)medication or ankylosing spondylitis-related comorbidity.
We included studies on spondyloarthropathies that mentioned
ankylosing spondylitis patients as a subgroup, as far as the
subgroup was properly randomized and outcome measures were
available, specifically for the ankylosing spondylitis subgroup.
We included patients on other medications, and with or without
ankylosing spondylitis-related comorbidity (e.g. peripheral joint
impairment, inflammatory bowel disease, psoriasis). We did not
impose restrictions on age or disease duration. We did not include
diagnoses of axial spondyloarthritis, though we may consider this
for an update of this review based on the classification criteria
developed by ASAS (Rudwaleit 2009a; Rudwaleit 2009b).

Types of interventions

« Adalimumab versus placebo, other medications, or usual care.
« Etanercept versus placebo, other medications, or usual care.

« Golimumab versus placebo, other medications, or usual care.
« Infliximab versus placebo, other medications, or usual care.

Note that we added golimumab after the protocol for this review
(Zochling 2005).

We did not impose any restrictions with regard to dose or
concomitant treatments in the placebo group (for example,
physical exercises, or NSAIDs, or both).

Types of outcome measures

The primary and secondary outcomes defined in the protocol
and listed in the Differences between protocol and review section
were chosen in 2005 when the protocol for this review was
published (Zochling 2005). Since then, the Cochrane Collaboration
has developed Summary of Findings tables which require choosing
a maximum of seven major outcomes for presentation in the

table. The Assessment of SpondyloArthritis international Society
(formerly ASsessment in Ankylosing Spondylitis) (ASAS) Working
Group) (http://www.asas-group.org) has developed core sets of
standardized outcome measures for use in clinical practice and
trial settings. This work has been undertaken in conjunction
with the OMERACT (Outcome Measures in Rheumatology,
www.omeract.org) initiative which aims to establish standardized,
validated outcome measures for use in clinical trials in the field of
rheumatology. Following discussion with experts from ASAS, the
following outcomes were chosen to be the major outcomes for this
review:

1. ASAS40 (Brandt 2004)

BASFI (Bath Ankylosing Spondylitis Functional Index) (Calin
1994)

ASAS partial remission (Anderson 2001)
Magnetic resonance imaging (MRI) for evidence of inflammation
Radiographic progression

»

Withdrawals due to adverse events
Serious adverse events

No v e

The criteria for an ASAS40 response is: at least a 40% improvement
with a minimum of 20 units (0 to 100 scale) improvement compared
with baseline in at least three of four domains (spinal pain, function
(BASFI), inflammation as measured by the mean of intensity and
duration of morning stiffness in the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), and patient global assessment),
and with no worsening in the fourth domain. Partial remission is
defined as a value of less than 2 on a 0 to 10 scale in each of the four
domains as described above for the ASAS40.

Search methods for identification of studies

The Cochrane Musculoskeletal Group's Trial Search Co-ordinators
developed the search strategies. In the original search in January
2009, we searched the following electronic databases: Cochrane
Library (2008, Issue 4) including the following databases: Cochrane
Central Register of Controlled Trials (CENTRAL), Cochrane Database
of Systematic Reviews (CDSR), Database of Abstracts of Reviews
of Effects (DARE), Cochrane Library Health Technology Assessment
Database (CLHTA), and NHS Economic Evaluation Database (NHS
EED); MEDLINE (1966 to January 26, 2009); EMBASE (1980 to
January 26, 2009); CINAHL (1982 to January 26, 2009); ISI Web of
Knowledge (1900 to January 2009).

We reviewed the reference section of retrieved articles. We
contacted authors of relevant papers and experts in the field
regarding any further published or unpublished work. One review
author (LM) handsearched conference proceedings from the
American College of Rheumatology (ACR) and European League
Against Rheumatism (EULAR, http://www.abstracts2view.com/
eular/ textword search: ankylosing AND etanercept OR infliximab
OR adalimumab) from 2005 to 2009, for both benefit and harms.

We conducted an updated search in May 2012. In October 2013,
we conducted another updated search of all databases and also
included a search for 'golimumab' from database inception. From
September 2013 to June 2014 we received alerts of potential
new studies identified by the McMaster PLUS database (McMaster
PLUS evidence updates) through a service provided for Cochrane
Musculoskeletal Group authors.
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In October 2014 a search of clinicaltrials.gov was conducted for
any completed trials meeting the review's inclusion criteria using
'ankylosing spondylitis' in condition and Phase 3 and 4 trials.

For safety assessments, we searched the websites of the regulatory
agencies (US Food and Drug Administration-MedWatch (http://
www.fda.gov/Safety/MedWatch/default.htm), European Medicines
Evaluation Agency (http://www.emea.europa.eu), Australian
Adverse Drug Reactions Bulletin (http://www.tga.gov.au/adr/
aadrb.htm), and UK Medicines and Healthcare products
Regulatory Agency (MHRA) pharmacovigilance and drug safety
updates (http://www.mhra.gov.uk); note 'Current Problems in
Pharmacovigilance' was superseded by 'Drug Safety Update' in
July 2007) using the terms “ankylosing spondylitis,” “adalimumab,”
"humira", "etanercept", "enbrel", "infliximab", and "remicade”
on April 1, 2010. We updated this search and included
"golimumab"/"simponi" in November 2014.

We did not impose any language restrictions.

There were some abstracts from conference proceedings that were
later published as full-text articles; in this case, we only included
the full-text article, however, if the abstract provided additional
important information that was not provided in the full-text article,
then we also included the data from the abstract. Some trials
had more than one publication with the secondary publications
reporting on other outcomes such as health-related quality of life,
patient-reported outcomes, or magnetic resonance imaging (MRI)
data.

The original MEDLINE search strategy is in Appendix 1. The other
search strategies are available in Appendix 2 and Appendix 3.

Data collection and analysis
Selection of studies

Two people independently reviewed the results of the search
strategy. The authors involved in screening the different search
results were: JZ, JS, LM, MBJ, MV. We reviewed abstracts and if
more information was required to determine whether the trial met
the inclusion criteria, we obtained the full text. Disagreement was
resolved by a third author (AB, GW).

Data extraction and management

Four review authors (JZ, LM, JS, MVS) independently extracted data
from the included trials and entered the data into Review Manager 5
(RevMan 2014). We pilot-tested data extraction forms on a selection
of trials.

We extracted the following data.

« General study information such as title, authors, contact
address, publication source, publication year, country, study
sponsor.

« Characteristics of the study: design, study setting, inclusion/
exclusion criteria, risk of bias criteria (e.g. randomisation
method, allocation procedure, blinding of patients, caregivers
and outcome assessors).

« Characteris'tics of the study population and baseline
characteristics of the intervention and control groups (age, sex,
type of classification criteria, duration of disease, presence of
comorbidity and peripheral disease, concomitant treatments,

Bath Ankylosing Spondylitis Disease Activity Index (BASDAI),
Bath Ankylosing Spondylitis Functional Index (BASFI), patient
global assessment) and numbers in each group.

o Characteristics of the intervention, such as treatment
comparators, dose, method of administration, frequency of
administration and duration of treatment.

« Outcomes measures as noted above.

+ Results for the intention-to-treat population (where possible),
summary measures with standard deviations, confidence
intervals and P values where given, dropout rate and reasons for
withdrawal.

« When data for more than one time point was provided, we
used the longest time point for the blinded phase and prior
to any early-escape option for the meta-analysis. However, for
some of the harms data, only results for the double-blind period
was reported, without providing data prior to the early-escape
option. In this case, we used the double-blind period data with
data for those that did not crossover.

« We extracted both change and final values, as reported in the
publication. The network meta-analysis required only end of
study values so we calculated those when only a change value
had been provided and used the standard deviation at baseline
for the end of study standard deviation.

We used Plot Digitizer software to estimate results from five graphs
(Plot Digitizer 2014) .

Assessment of risk of bias in included studies

Two independent reviewers (LM, JZ, MV, CM, MB) assessed risk
of bias in the included RCTs. As recommended by the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011), we
assessed the following methodological domains.

1. Random sequence generation - was the method used to
generate the allocation sequence appropriate to produce
comparable groups?

2. Allocation sequence concealment - was the method used to
conceal the allocation sequence appropriate to prevent the
allocation being known in advance of, or during, enrolment?

3. Blinding of participants, personnel - were measures used to
blind study participants and personnel from knowledge of which
intervention a participant received? We assessed patient- and
physician-assessed outcomes separately.

4. Blinding of outcome assessors - were measures used to blind
outcome assessors from knowledge of which intervention
a participant received? We assessed patient- and physician-
assessed outcomes separately.

5. Incomplete outcome data - how complete was the outcome data
for the primary outcomes? Were dropout rates and reasons for
withdrawal reported? Was missing data imputed appropriately?
We considered an overall completion rate of 80% or higher as a
low risk of bias. If completion rates were only provided by group,
a less than 80% completion rate in the treatment group was
considered a high risk of bias.

6. Selective outcome reporting - were appropriate outcomes
reported and were any key outcomes missing?

7. Ascertainment of outcome - did the researchers actively monitor
for adverse events (low risk of bias) or did they simply provide
spontaneous reporting of adverse events that arise (high risk of
bias)?
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8. Definition of adverse outcomes- were definitions provided for
general 'adverse event' or 'serious adverse event'?

We explicitly judged each of these criteria using: low risk of bias;
high risk of bias; or unclear, meaning either lack of information or
uncertainty over the potential for bias. We provided a reason for
each judgement in the 'Risk of bias' table.

Measures of treatment effect

Methods for indirect and mixed treatment comparisons

For dichotomous outcome, we derived point estimates and 95%
credible intervals for odds ratios (ORs), risk ratios (RR) and risk
differences (RD). For continuous outcomes, we derived mean
differences (MD) and 95% credible intervals.

Methods for direct treatment comparisons

In addition to the mixed treatment comparisons, we pooled data
for serious adverse events and withdrawals due to adverse events
to investigate a class-effect of harms of biologics. We analysed this
using Peto odds ratio (Peto OR) with 95% Cls given that the Peto OR
is recommended when the outcome is a rare event (approximately
less than 10%).

Unit of analysis issues

For studies with more than two arms, we halved the number of
events and patients in the placebo arm to avoid double-counting
the placebo participants in the meta-analysis. We only assessed the
standard doses for each of the biologics for inclusion in the network
meta-analysis when multiple trial arms with different dosages were
reported.

Dealing with missing data

We performed the following calculations for the purpose of
entering data into Review Manager 5 when the mean and standard
deviation was not provided in the published article. When the
median change from baseline and interquartile range (IQR) change
from baseline were reported (as in Inman 2008 and van der Heijde
2005), we assumed the median change to be the mean change and
calculated the standard deviation as the IQR at baseline divided
by 1.35 and this standard deviation (SD) assumed for the end of
study score, as per the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011).

Where no SD at end of study was reported or the variance for
the change from baseline was provided in the study report as the
standard error of the change, the baseline SD was assumed for the
end of study SD (Braun 2011; van der Heijde 2006a).

In Davis 2003, the standard error of the mean (SEM) was
transformed to SD by the calculation SD = SEM *sqrt(N). In Barkham
2010 the 95% Cl about the mean change was converted to SD using
the formula in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). In Inman 2010, the SD was calculated
from the P value for continuous outcomes. In Gorman 2002, the
median was assumed for the mean for continuous beneficial
outcomes.

We conducted sensitivity analyses to check the robustness of the
estimates to these imputations.

For continuous outcomes, we calculated the mean difference (MD)
based on the number of patients analysed at that time point. When
the number of patients analysed was not presented for each time
point, we used the number of randomized patients in each group
at baseline.

Assessment of heterogeneity

Both network meta-analysis and traditional meta-analysis require
studies to be sufficiently similar in order to pool their results.
As a result, we carefully assessed heterogeneity across trials in
terms of patient characteristics, trial methodologies, and treatment
protocols across trials.

As outlined in the papers by Bucher 1997 and Song 2009, there
are several key assumptions that must be met when undertaking
indirect comparisons. Song breaks these assumptions into three
components: i.homogeneity; ii. similarity of trial; iii. consistency
of evidence. Homogeneity refers to the standard assumptions
used for pooling studies in a meta-analysis; ie. trials comparing
two treatments must be both clinically and methodologically
similar to be combined. Trial similarity is comprised of clinical
similarity and methodological similarity and the similarity of the
bridging treatment. By 'bridging treatment' we mean the common
comparator (ie. in a trial of A versus C and B versus C, the bridging
treatment is 'C'). The assumption of consistency means that the
results of direct and indirect evidence should not be heterogeneous
and that there is a consistent effect across the direct comparisons.

To ensure that the consistency assumption is valid, we formally
assessed inconsistency by comparing the deviance and deviance
information criterion statistics of the consistency and inconsistency
models (Dias 2010; Dias 2011c). To help identify the loops in which
inconsistency was present, we plotted the posterior mean deviance
of the individual data points in the inconsistency model against
their posterior mean deviance in the consistency model (Dias 2010).
Using the plots, loops in which inconsistency is present could be
identified.

In the standard Review Manager 5 meta-analyses, we tested
heterogeneity of the data by visualinspection of the forest plots and
by using the |2 statistic (Higgins 2003). Avalue greater than 50% may
be considered substantial heterogeneity.

Assessment of reporting biases

We visually inspected funnel plots to assess publication bias when
there were more than 10 included studies for an outcome; however,
this applied to only two outcomes: the pooled results for all anti-
TNF agents versus placebo for withdrawals due to adverse events
and serious adverse events.

Data synthesis

We combined data in a meta-analyses only when we decided it
was meaningful to do so, i.e. when the treatments, participants and
the underlying clinical question were similar enough for pooling to
make sense. We planned to analyze and present separately 'short-
term' outcomes (less than orequalto 6 months duration) and 'long-
term' outcomes ( greater than 6 months). However, all included
studies were short-term.

We made a post-hoc decision to present the results combined for
etanercept trials which used either 25 mg administered twice a
week or 50 mg administered once a week. The results from the
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van der Heijde 2006b study showed these dosing regimens to be
equivalent in both benefit and safety. We also pooled infliximab
doses of 3 mg/kg and 5 mg/kg together as there was very little
heterogeneity when the major outcomes for these two doses were
pooled together in a standard meta-analyses.

Methods for direct treatment comparisons

We conducted a pooled analyses in RevMan5 for all the included
anti-TNF inhibitors to assess for a class-effect of harms of anti-
TNF agents. We used the Peto OR statistic which uses a fixed-effect
model because the data consisted of rare events (< 10%). Although
not specified a priori, we decided to perform a sensitivity analysis
using the Mantel-Haenszel OR method with a standard continuity
correction of 0.5 on those meta-analyses in which we had used the
Peto OR to check the robustness of our results (as recommended by
Sweeting 2004).

Methods for indirect and mixed comparisons

Our primary analysis presents refined placebo estimates for the
major outcomes ASAS40, partial remission, withdrawals due to AE,
SAE and BASFI for each of the biologics using the network meta-
analysis methods described below. Using a Bayesian framework,
the mixed treatment comparison (MTC) method provides a refined
estimate of the treatment effect by combining the information
from the direct and indirect data to strengthen the precision
of the estimate of effect. This methodology utilizes techniques
to preserve the randomisation inherent in the RCTs. It avoids
the “naive” method of pooling the results across trials from the
different treatment arms of interest and then comparing the results
of treatment A versus treatment B versus treatment C. This naive
method ignores the randomisation that was present in the original
RCTs and introduces biases expected in an observational cohort
(i.e. potential confounders are no longer likely to be randomly
distributed between the treatment groups) (Bucher 1997; Wells
2009).

We used WinBUGS software (MRC Biostatistics Unit, Cambridge,
UK) to conduct the Bayesian mixed treatment comparison meta-
analysis using a binomial likelihood model for dichotomous
outcomes or a normal likelihood model for continuous outcomes
which allows for the use of multi-arm trials (Dias 2011a; Dias
2011b; Spiegelhalter 2003) and used the placebo as the reference
group. We assigned vague priors, such as N(0, 1002), for basic
parameters of the treatment effects in the model (Dias 2011b) and
considered informative priors for the variance parameter in the
random-effects model (Turner 2005). To ensure convergence was
reached, we assessed trace plots and the Brooks-Gelman-Rubin
statistic (Spiegelhalter 2003). Three chains were fit in WinBUGS for
each analysis, with at least 10,000 iterations, and a burn-in of at
least 10,000 iterations (Ades 2008; Spiegelhalter 2003).

We conducted both fixed-effect and random-effects network meta-
analyses; we assessed the deviance information criterion and
compared the residual deviance to the number of unconstrained
data points to assess model fit and determine the choice of model
(Dias 2011a; Dias 2011b; Spiegelhalter 2003). For all analyses,
the deviance information criterion and residual deviance for both
models were close to each other. We used the random-effects
model as the primary results, as this model takes into consideration
between-study variation, whereas fixed-effect models assume all

the trials are estimating the same treatment effect (Cooper 2009;
Dias 2011b).

For the continuous outcome, we derived mean and standard
deviation for mean difference (MD) using Markov Chain Monte Carlo
methods. We assigned vague priors for both basic parameters and
the variance parameter in the models.

Summary of Findings table

We compiled 'Summary of findings' tables using GRADEpro
(GRADEpro 2014) to improve the readability of the review. The
outcomes included in the 'Summary of findings' table are: ASAS40,
ASAS partial remission, BASFI, MRI, radiographic progression,
withdrawals due to adverse events, and serious adverse events.

For dichotomous outcomes, we calculated the number needed to
treat (NNT) from the control group event rate and the risk ratio
using the Visual Rx NNT calculator (Cates 2008). We calculated the
corresponding risk as per the GRADEPro Help file (Schiinemann
2009): Risk (per 1000 people) = 1000 x assumed control risk x risk
ratio (RR). We obtained the assumed control risk from the placebo
estimate in the network meta-analysis. The absolute increased
benefit or harm and 95% Cl was calculated as the corresponding
risk minus the assumed control risk. The relative percentage
change was calculated as the RR-1.

For continuous outcomes, we calculated the NNT for the
continuous measures of BASFI using the Wells calculator (available
at the Cochrane Musculoskeletal Group editorial office). We used
a minimally clinically important improvement of 0.7 points on a
0 to 10 scale as per the findings of Pavy 2005. We calculated the
absolute benefit as the improvement in the intervention group
minus the improvement in the control group, in the original units.
We calculated relative percentage change as the absolute benefit
divided by the control event rate.

We used the GRADE considerations (study limitations, consistency
of effect, imprecision, indirectness, and publication bias) to assess
the quality of a body of evidence as it relates to the studies
which contribute data to the meta-analyses for the prespecified
outcomes. We used the methods and recommendations described
in Section 8.5, 8.7, Chapter 11, and Section 13.5 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011;
Schiinemann 2011) using GRADEpro software. We provided
footnotes to justify all decisions to down- or up-grade the quality of
studies.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses a priori in order to
explore possible effect size differences.

1. Intervention - different dose; trial duration.

2. Characteristics of participants - different ankylosing spondylitis
classification criteria; severity of baseline disease (based on
BASDAI, BASFI); age; disease duration; sex; with or without
peripheral joint involvement.

Sensitivity analysis

We prespecified sensitivity analysis to assess the effect of
study quality (proper generation of randomisation sequence, and
adequate allocation concealment and blinding) on the overall
estimates of effect.
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RESULTS

Description of studies
Results of the search

January 2009: The search of the electronic databases listed in
the methods section for RCTs resulted in 2445 records. After de-
duplication, there were 1644 records left to screen. We assessed a
total of 60 records in depth to see if they met the inclusion criteria.
We included two additional articles from handsearching European
League Against Rheumatism (EULAR) abstracts on their website.

After assessing all the records, we included 14 trials, with 24
published articles (either abstracts or full-text articles) related to
those trials. The additional articles related to a trial are listed as
secondary references in the reference section.

Updated search May 2012: The search of the electronic databases
listed in the methods section for RCTs resulted in 1686 records.

After de-duplication, there were 1483 records left to screen. We
assessed seven records to see if they met the inclusion criteria.
We did not conduct any handsearching since American College of
Rheumatology (ACR) and EULAR conference abstracts were indexed
electronically. We added three new studies.

Updated search October 2013: This search also included a search
for golimumab from database inception as well as an update of the
original search. After de-duplication, we screened 499 records. We
assessed four articles in depth and identified three new studies.

An update from the McMaster PLUS database in June 2014 alerted
us to one new study and the full-text publication of a previously
included abstract.

A search of clinicaltrials.gov (https://clinicaltrials.gov/) in October
2014 found 89 records, but we did not identify any new completed
trials.

A flow chart of the search results is provided in Figure 1.
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Included studies

Further details on each included study are available in the
Characteristics of included studies table.

Twenty-one RCTs met the inclusion criteria with a total of 3308
participants. One thousand and twelve people received etanercept

in 10 studies (Barkham 2010; Brandt 2003; Braun 2011; Calin 2004;
Davis 2003; Dougados 2011; Gorman 2002; Giardina 2009, Huang
2008; Navarro-Sarabia 2011; van der Heijde 2006b); 327 people
received infliximab in 5 studies (Braun 2002;Giardina 2009; Inman
2010; van der Heijde 2005) (28 in combination with methotrexate
(Marzo-Ortega 2005); 501 received adalimumab in 4 studies (Hu
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2012; Huang 2014; Lambert 2007; van der Heijde 2006a); 246
received golimumab in 2 studies (Bao 2014; Inman 2008). One study
was an open-label head-to-head study of etanercept (N = 25) and
infliximab (N =25) (Giardina 2009).

Eighteen RCTs contributed data to the mixed treatment comparison
analysis: adalimumab (4 studies; Hu 2012; Huang 2014; Lambert
2007; van der Heijde 2006a), etanercept (8 studies; Barkham 2010;
Brandt 2003; Calin 2004; Davis 2003; Dougados 2011; Gorman 2002;
Huang 2008; van der Heijde 2006b), golimumab; 2 studies (Bao
2014; Inman 2008), infliximab (3 studies; Braun 2002; Inman 2010;
van der Heijde 2005)) and one head-to-head study of etanercept to
infliximab (Giardina 2009).

Additional data

We received additional data from the trial authors for the following
studies: Brandt 2003, Braun 2002, Calin 2004, and Davis 2003
(though we were unable to use data from Davis 2003 since variance
was not provided in the additional information received). This was
mainly to obtain data on clinical endpoints where the published
results for continuous outcomes had been reported as a statistic
different from the mean and SD which is required for entry into
Review Manager 5. We also sought additional details to clarify risk
of bias items for some studies (Davis 2003; van der Heijde 2006a).

Participants

The majority of participants were Caucasian males in their early
forties. The percentage of male participants in the treatment
groups ranged between 65% to 80%, and 74% to 100% in the
control groups. The mean age ranged from 38 to 45 years in the
treatment groups and 39 to 47 years in the control groups. Between
75% and 98% of the participants in the treatment groups were
Causasian with a similar distribution in the control groups (70% to
97%).

The mean disease duration in the treatment groups ranged from 8
to 16 years, and 10 to 17 years in the control groups.

Interventions

Table 1 summarizes the concomitant therapy permitted in each
study.

Adalimumab

Four studies assessed adalimumab at a dose of 40 mg every other
week subcutaneously. Lambert 2007 and van der Heijde 2006a at
40 mg every other week for a 24-week double-blind period, though
an early escape option was available after week 12. Both Hu 2012
and Huang 2014 had a 12-week double-blind phase.

Concomitant therapy

Lambert 2007 did not mention concomitant therapy. In van der
Heijde 2006a, patients were allowed to continue sulphasalazine
(3 g/day), methotrexate (25 mg/week), hydroxychloroquine (400
mg/day), prednisone or prednisone equivalent (10 mg/day), and
NSAIDs, if the dose had remained stable for at least 4 weeks before
the baseline visit. In Hu 2012 and Huang 2014, concomitant use
of methotrexate (< 25 mg/week), sulphasalazine (< 3 g/day),
prednisone (< 10 mg/day), NSAIDs and/or analgesics was allowed
but dose adjustments, induction and/or discontinuation of these
therapies was not permitted.

Etanercept

Four RCTs assessed etanercept at a dose of 25 mg twice weekly,
delivered subcutaneously against placebo (Barkham 2010; Brandt
2003; Calin 2004; Davis 2003; Gorman 2002). van der Heijde
2006b assessed 50 mg once weekly versus 25 mg twice weekly
versus placebo. Huang 2008 used 50 mg once weekly versus
placebo. Navarro-Sarabia 2011 assessed a high dose, 50 mg
twice weekly, against the standard dose of 50 mg once weekly.
Dougados 2011 assessed the effect of etanercept 50 mg once
weekly against placebo in participants with advanced ankylosing
spondylitis. Braun 2011 compared 50 mg once weekly to 3 g daily
of sulphasalazine. The length of treatment ranged from 6 weeks
(Brandt 2003 and Huang 2008) to 24 weeks (Davis 2003).

Concomitant therapy

Brandt 2003 allowed NSAIDs at the same or less dose at baseline;
Calin 2004 allowed pre-study physiotherapy; Davis 2003; Gorman
2002 and van der Heijde 2006b allowed stable doses of disease-
modifying anti-rheumatic drugs, NSAIDs, and oral corticosteroids;
Huang 2008 allowed stable disease-modifying anti-rheumatic drug
doses; Barkham 2010 allowed stable doses of disease-modifying
anti-rheumatic drugs sulphasalazine or methotrexate and/or a
NSAID for the duration, but not corticosteroids.

Golimumab

Two studies assessed subcutaneous golimumab at a dose of 50 mg
every 4 weeks (Bao 2014; Inman 2008). Both had a 24-week double-
blind phase and an early escape option after week 16.

Concomitant therapy

In Bao 2014 and Inman 2008, patients were allowed to
continue concurrent treatment with stable doses of methotrexate,
sulphasalazine, and hydroxychloroquine. In Inman 2008, stable
doses of corticosteroids, and NSAIDs were also allowed.

Infliximab

Four RCTs assessed infliximab; Braun 2002 assessed infliximab at
5 mg/kg intravenously at weeks 0, 2, and 6. van der Heijde 2005
delivered this same dose of infliximab at weeks 0, 2, 6, 12 and
18 weeks. Inman 2010 evaluated infliximab at 3 mg/kg delivered
at weeks 0, 2, and 6. Marzo-Ortega 2005 assessed infliximab (5
mg/kg) in combination with methotrexate against placebo plus
methotrexate.

Concomitant therapy

In both Braun 2002 and van der Heijde 2005, patients were
allowed to continue on stable doses of NSAIDs. It appears
concomitant therapy of NSAIDs, corticosteroids, analgesics, and
disease-modifying anti-rheumatic drugs were allowed as long as
doses remained stable in the Inman 2010 study. Marzo-Ortega 2005
allowed concomitant use of NSAIDs or oral corticosteroids.

Outcomes

All studies used the outcomes recommended by the Assessment
of SpondyloArthritis international Society. The primary outcome in
two studies was the BASDAI = 50% (Brandt 2003; Braun 2002) and
the ASAS20 in 14 studies (Bao 2014; Braun 2011; Calin 2004; Davis
2003; Gorman 2002; Huang 2008; Huang 2014; Inman 2008; Inman
2010; Lambert 2007; Navarro-Sarabia 2011; van der Heijde 2005;

TNF-alpha inhibitors for ankylosing spondylitis (Review)

19

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

van der Heijde 2006a; van der Heijde 2006b). The change in BASDAI
score was the primary outcome in Marzo-Ortega 2005.

In Dougados 2011, the primary outcome was the area under the
curve in the BASDAI between baseline and week 12.

In Barkham 2010, the primary outcome was a change in the work
instability of patients after three months, as measured by the
Ankylosing Spondylitis Work Instability Scale.

In the abstract of Giardina 2009, the primary outcome was stated to
be the proportion of patients achieving a 50% BASDAI response at
week 102; Secondary: ASAS50; BASFI, back pain, morning stiffness,
C-reactive protein, and spinal mobility. However, in the full-text
article, the outcome defined as primary is not stated, and the 50%
BASDAI response is not reported. ASAS20, ASAS40, BASDAI, BASFI,
and adverse events were reported.

Hu 2012 did not state a primary outcome. Clinical outcomes like
BASDAI and BASFI were reported along with lab measures (C-
reactive protein and serum DKK-1) and imaging (MRI of both the
lumbar spine and sacroiliac joints).

Source of funding

A total of 17 studies reported some type of industry sponsorship.

van der Heijde 2005 was supported by Centocor. Braun 2002 was
funded by a grant from the German Minstry of Research and by
Essex Pharma who provided the study drug. Inman 2010 did not
report the funding source in the abstracts but the trial protocol
states the study was sponsored by Schering-Plough. Marzo-Ortega
2005 reported that the study was supported by a grant in aid from
Schering-Plough, UK.

Brandt 2003 was supported by a grant from the German Minstry of
Research and by Wyeth Pharma who provided the study drug. Calin
2004 was funded by Wyeth Research. Gorman 2002 was funded

by the National Institute of Arthritis and Musculoskeletal and
Skin Diseases and Immunex. The trial report states that Immunex
was "not involved in the study design, data collection, statistical
analysis, or manuscript preparation”. Davis 2003 was supported
by Immunex Corporation. van der Heijde 2006b was supported by
Wyeth Pharmaceuticals (study drug and grants to investigational
sites) Braun 2011 and Dougados 2011 were also supported by
Wyeth, which was acquired by Pfzier in 2009. Navarro-Sarabia 2011
was supported by Pfizer.

van der Heijde 2006a and Lambert 2007 were sponsored by Abbott
Laboratories. Huang 2014 was sponsored by AbbVie.

Bao 2014 was funded by Janssen Research and Development.
Inman 2008 was supported by Centocor Research and
Development, Inc. and the Schering-Plough Research Institute, Inc.

Barkham 2010, Giardina 2009, Hu 2012, and Huang 2008 did not list
any source of funding.

Excluded studies

We excluded 6 studies after assessing the full-text articles. The
Characteristics of excluded studies table provides more details for
the exclusions. Briefly, the participants in three studies (Barkham
2008b; Breban 2008; Haibel 2008) did not meet the review's
inclusion criteria; the intervention in Li 2008 assesses the effect of
methotrexate, not infliximab; and there is no separate information
provided for ankylosing spondylitis patients in Van den Bosch 2002
(and we were unable to obtain this from the author). Morency 2011
provided data on the open-label extension results of an included
study.

Risk of bias in included studies

Figure 2 provides a graphical summary of the risk of bias of the
included studies.
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We received additional information from study authors on
methodology and data for Davis 2003, Gorman 2002, and van der
Heijde 2006a.

Huang 2008 was reported as an abstract, and did not provide
enough information to make a judgement about risk of bias, and so
was judged as 'unclear.

Sequence generation

Bao 2014, Barkham 2010, Calin 2004, Dougados 2011, Giardina
2009, Hu 2012, Inman 2010, Lambert 2007, van der Heijde 2005, and
van der Heijde 2006b did not provide any information regarding
sequence generation, and so the judgement was 'unclear’. The 10
other studies provided evidence of appropriate generation of the
randomisation sequence.

Allocation

Bao 2014, Barkham 2010, Calin 2004, Dougados 2011, Giardina
2009, Inman 2010, Hu 2012, Lambert 2007, Navarro-Sarabia 2011,
van der Heijde 2005, and van der Heijde 2006b did not provide
information regarding the method of allocation concealment. The
nine other studies provided evidence of appropriate concealment
of allocation of the randomisation sequence.

Blinding of patient assessed outcomes

Barkham 2010, Braun 2002, Braun 2011, Brandt 2003, Calin 2004,
Davis 2003, Dougados 2011, Gorman 2002, Huang 2014, Inman
2008, and van der Heijde 2005 reported the patient was blinded.
We were unclear about the methods of blinding in Bao 2014,
Hu 2012, Inman 2010, Lambert 2007, Marzo-Ortega 2005, van der
Heijde 2006a, and van der Heijde 2006b which were reported only
as "double blind". There was no blinding in Giardina 2009, which
places it at a high risk of bias.

Blinding of physician reported outcomes

Barkham 2010, Braun 2002, Brandt 2003, Davis 2003, Gorman 2002,
Hu 2012, Huang 2014, Inman 2008, Lambert 2007, van der Heijde
2005, and van der Heijde 2006a reported that the investigator was
blinded. Calin 2004 did not specify who other than the patient
was blinded and physician/investigator blinding was unclear in
Dougados 2011, Marzo-Ortega 2005, and van der Heijde 2006b.

There was no blinding in Giardina 2009 which places it at a high risk
of bias.

Incomplete outcome data

We judged all trials but five trials to be at low risk of incomplete
outcome data bias for beneficial outcomes as there was a low rate
of missing data and most conducted an intention-to-treat analysis.
Five were judged as unclear.

Selective outcome reporting

We judged most of the trials to be at low risk of selective outcome
reporting bias as they reported on outcomes recommended by
the Assessment of SpondyloArthritis international Society, with the
exception of Giardina 2009 and Hu 2012 which we judged as 'high
risk'. In Giardina 2009, the abstract we found first for this trial had
the primary outcome listed as the proportion of people achieving
a 50% response in BASDAI. However, the full-text article did not
report this outcome. We could not find a protocol for this trial. Hu
2012 did not state their primary outcome nor any adverse event
data. In terms of risk of bias for selective adverse event reporting,
we judged Inman 2010 and Lambert 2007 as ‘unclear’ given the lack
of specifics provided on harms data. In Lambert 2007, the primary
outcome was reported in an abstract but not in the full-text article.

Method of adverse event monitoring

The following studies stated that the patients were actively
monitored (though few details were provided on the specifics of the
monitoring) for adverse events. These were judged to be at low risk
of bias: Calin 2004, Davis 2003, Giardina 2009, Gorman 2002, Huang
2008, Navarro-Sarabia 2011, van der Heijde 2005, van der Heijde
2006a, and van der Heijde 2006b. The rest of the studies did not
mention how the patients were monitored for adverse events and
were judged as 'unclear’ risk of bias.

Definition of serious adverse event provided

The following studies used a common grading system, though the
specific definition of serious adverse events was not provided in the
articles: Davis 2003, Gorman 2002, Inman 2010; we judged these to
be at low risk of bias. van der Heijde 2005 and van der Heijde 2006a
did not provide general serious adverse events definitions, but each
serious adverse event was clearly explained in the published report.
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The other studies did not report their definition of 'serious adverse
events' and we judged them to be at unclear risk of bias.

Effects of interventions

See: Summary of findings for the main comparison Summary of
findings table

The review prespecified that outcomes measured at six months or
less would assess short-term results and greater than six months
would assess long-term results; however, all outcomes in the
placebo-controlled trials were reported at six months or less.

Summary of findings for the main comparison provides an
overview of the mixed treatment comparison refined placebo

Figure 3. ASAS40 Evidence Diagram

Etznercep

Zolimumak

Flacebo

estimates for the major outcomes of ASAS40, physical function,
ASAS partial remission, withdrawals due to adverse events and
serious adverse events for the individual biologics and for the
class-effect analysis for the two adverse event outcomes. We did
not pool data from magnetic resonance imaging and radiographic
progression outcomes. Figure 3 shows the network diagram for
ASAS40. Figure 4 and Figure 5 show the forest plots for the biologic
versus placebo and head-to-head mixed treatment comparison
estimates for the outcomes ASAS40 and withdrawals due to adverse
events, respectively. The pairwise data for the individual trials that
was used in the mixed treatment comparison analysis is available
in the Data and Analyses section. Trace plots and Brooks-Gelman-
Rubin statistic indicated convergence of the model in all analyses.

Adalimumab
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Figure 4. Forest Plot: ASAS40
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Figure 5. Forest Plot: Withdrawals due to adverse events

Outcome: Withdrawals due to adverse events

Treatment 1 versus Treatment 2

Adalimumab versus Placebo

Etanercept wversusPlacebo

Golimumab versus Placebo

Infiximab wversus Placebo

Adalimumab versus Etanercept

RR [95% Crl

1.69 (0.35, 10.84)

3.65(1.27, 11.79)

1.97 (0.36, 17.51)

1.77 (0.43, 8.46)

Golimumab versus Etanercept

0.47 (0.07, 3.54]

0.55 (0.06, 6.59)

Infiximab versus Etanercept

0.49 (0.09, 2.85)

Adalimumab versus Infiximab t

i 0.94 (0.10, 9.84)

Golimumab versus Infliximab t

| 1.11(0.11, 15.51)

Golimumab versus Adalimumab

1.19(0.10, 15.32)

0.01 0.1

1 10 100

Risk Ratio (95% Crl)

Individual biologics
Adalimumab (40 mg every other week) versus placebo

Four studies assessed the effect of adalimumab versus placebo (Hu
2012; Huang 2014; Lambert 2007; van der Heijde 2006a). Lambert
2007 did not report all benefits and adverse events in the published
article but they were reported in an abstract and other publications
of the same trial (Maksymowych 2005; Maksymowych 2008). Hu
2012 did not report on any adverse outcomes.

Major outcomes

ASAS40: There was high quality evidence that the adalimumab
group was more likely than placebo to achieve the ASAS40 criteria
(risk ratio (RR) 3.53, 95% credible interval (Crl) 2.49 to 4.91, with an
absolute improvement of 33% (95% Crl 19% to 51%) and a NNT =4
(95% confidence interval (Cl) 2 to 6)).

Physical function (BASFI 0 to 10 scale, lower is better): There
was high quality evidence of a clinically important improvement in
physical function (mean difference (MD) -1.6, 95% Crl -2.2 to -0.9),
with an absolute increased benefit of -16% (95% Crl -22% to -9%));
relative percentage change from baseline = -32% (95% Crl -44%
to -18%); and NNT to achieve the minimally important difference
(MCID) of 0.7 points =4 (95% CI 3 to 5).

ASAS partial remission: There was moderate quality evidence
(downgraded for imprecision) that the adalimumab group was
more likely than placebo to meet the criteria for partial remission
(RR 6.28, 95% Crl 3.13 to 12.78), with an absolute improvement of
16% (95% Crl 6% to 35%) and a NNT =7 (95% Cl 3 to 16).

Magnetic resonance imaging (MRI): There was moderate quality
evidence of a small absolute improvement on spinal inflammation
with unclear clinical relevance. Hu 2012 (N = 46) assessed spinal
inflammation using the Spondyloarthritis Research Consortium of
Canada (SPARCC) scoring method. SPARCC scores for the spine can
range from 0 to 108 and SPARCC sacroiliac joint scores can range
from 0 to 72. The MD for the lumbar spine was -6.5 (95% CI -13.06 to
0.06), with a small absolute benefit of -6% (95% Cl -12% to 0.05%)
and relative percentage change = -33% (95% CI -66% to 0%). The
MD for the sacroiliac joint was -3.00 (95% CI -7.46 to 1.46).

Lambert 2007 used MRI to assess the effect of adalimumab
compared to placebo in reducing spinal and sacroiliac joint
inflammation using the SPARCC scoring method. MRIs were
obtained for all participants (N = 82) at baseline and week 12.
There was high quality evidence of a statistically significantly
greater reduction in the mean spine SPARCC score of adalimumab-
treated patients (median change 6.3, range 34.0 to 2.0) compared
with placebo-treated patients (median change 0.5, range 26.0 to
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13.5) (P < 0.001). The mean sacroiliac joint SPARCC score also
decreased significantly between the adalimumab (median change
0.5, range 22.5 to 2.5) and placebo groups (median change 0.0,
range 13.5 to 16.0) (P < 0.001). In terms of percentage change
from baseline, placebo-treated patients had a 9.4% mean increase
in spine SPARCC scores compared to a 53.6% mean reduction
in scores in adalimumab-treated patients (P < 0.001). There was
also a significant difference in the mean percentage reduction in
adalimumab (52.9%) and placebo-treated (12.7%) patients in the
sacroiliac joint SPARCC score (P =0.017).

Radiographic progression: Not reported.

Withdrawals due to adverse events: Based on moderate quality
evidence, we are uncertain of the effect on withdrawals due to
adverse events (RR 1.69, 95% Cl 0.35 to 10.84) but the absolute
numbers were low: 6/437 in the adalimumab group versus 2/222
in the placebo (absolute increased harm = 0.6% (95% Crl -0.4% to
7%); relative percentage change = 69% (95% Cl -65% to 984%). We
downgraded the evidence due to the low event rates and resulting
imprecision.

Serious adverse events: Based moderate quality evidence, we are
uncertain of the effect on serious adverse events (RR 0.92, 95%
Cl 0.26 to 3.93) but the absolute numbers were low: 7/437 in the
adalimumab group versus 4/222 in the placebo (absolute increased
harm =-0.2% (95% Crl -1.1% to 4.4%); relative percentage change =
-8% (95% CI -74% to 293%)). We downgraded the evidence due to
the low event rates and resulting imprecision.

Etanercept (25 mg twice weekly or 50 mg once weekly) versus
placebo

Five studies assessed the effect of etanercept 25 mg twice weekly
versus placebo (Barkham 2010; Brandt 2003; Calin 2004; Davis
2003; Gorman 2002). Two studies assessed the effect of 50 mg of
etanercept once weekly versus placebo (Dougados 2011; Huang
2008).

van der Heijde 2006b performed a double-blind, placebo-
controlled non-inferiority trial with 356 patients to compare the
benefit of 25 mg twice weekly and 50 mg once weekly. Both dosing
regimens were found to be statistically significantly better than
placebo in terms of ASAS20, ASAS5/6, ASAS40, BASDAI, BASFI, and
other clinical measures. The study also showed that 50 mg once
weekly was not inferior to the usual standard of 25 mg twice weekly
in terms of the primary outcome of ASAS20 response at 12 weeks.
As well, patient-reported outcomes such as fatigue, EuroQOL-5D,
and SF-36 scores were similar between the two doses. Injection site
reactions were similar in the 50 mg once weekly and 25 mg twice
weekly groups (20.7% versus 22.7%). Infections were also similar
between the two groups (22.6% and 22.0%). The percentage of
non-infectious serious adverse events was 5.2% and 4.0% in the
50 mg once- and 25 mg twice-per-week groups, respectively. One
serious infection occurred in each group.The authors concluded
that "the efficacy and safety of etanercept 50 mg once weekly
was comparable with that of the standard regimen of 25 mg twice
weekly in patients with ankylosing spondylitis." Based on this
result, we combined studies with the two dosing regimens in the
standard and network meta-analyses.

Dougados 2011 assessed the effect of 50 mg of etanercept once
weekly versus placebo in a population with advanced and active

ankylosing spondylitis. We pooled this results of this study with
the ones above given the lack of heterogeneity of the results,
even though the population had a longer disease duration than
the other included studies. The majority of clinical outcomes
showed statistically and clinically important improvements in this
population.

Major outcomes

ASAS40: There was high quality evidence that the etanercept
group participants were more likely than placebo to achieve the
ASASA40 criteria (RR 3.31, 95% Crl 2.38 to 4.53), with an absolute
improvement of 30% (95% Cl 18% to 46%) and a NNT =4 (95% CI
2to6).

Physical function (BASFI 0 to 10 scale, lower is better): There
was high quality evidence of a clinically important improvement in
physical function (MD -1.1, 95% CI -1.6 to -0.6), with an absolute
increased benefit percentage =-11% (95% Crl-16% to -6%); relative
percentage change from baseline =-22% (95% CI-32%to -12%); and
NNT to achieve the MCID of 0.7 points =4 (95% Cl 4 to 6).

ASAS partial remission: There was moderate quality evidence
(downgraded for imprecision) that the etanercept group
participants were more likely than placebo to meet the criteria for
partial remission (RR 4.24, 95% Crl 2.31 to 8.09), with an absolute
improvement of 10% (95% Crl 4% to 21%) and a NNT = 11 (95% CI
5t0 26).

MRI and radiographic outcomes: Not assessed in these studies.

Withdrawals due to adverse events: There was moderate quality
evidence of increased withdrawals due to adverse events in the
etanercept versus placebo group (RR 3.65, 95% Cl 1.27 to 11.79)
although the absolute numbers were low: 22/655 in the etanercept
group versus 1/402 in the placebo (absolute increased harm: 2%
(95% Crl 0.2% to 8%; NNTH: 54 (95% CI 14 to 530). The evidence was
downgraded due to the low event rates and resulting imprecision.

Serious adverse events: Based on moderate quality evidence,
we are uncertain of the effect of etanercept on serious adverse
events (RR 1.69, 95% Cl 0.76 to 3.72) but the absolute numbers
were low: 28/655 in the etanercept group versus 8/406 in the
placebo (absolute increased harm = 1% (95% Crl -0.4% to 4.1%);
relative percentage change = 67% (95% Cl -27% to 282%)). The
evidence was downgraded due to the low event rates and resulting
imprecision.

Etanercept (50 mg twice weekly) versus Etanercept (50 mg once
weekly)

Navarro-Sarabia 2011 investigated a high-dose (100 mg per week)
versus a standard-dose (50 mg per week) of etanercept. There was
no evidence of a difference between the two doses in the major
clinical beneficial outcomes and most results were precise in the
estimate around a null effect. The evidence for the harms outcomes
was inconclusive due to the low number of events and the wide
confidence intervals. The authors concluded that the higher dose
does not significantly increase the benefit of etanercept.

Etanercept 50 mg weekly versus sulphasalazine (3 g) daily

Braun 2011 (ASCEND study) found a statistically and clinically
important improvement for ASAS40 (RR 1.84, 95% CI 1.47 to
2.29) (Analysis 6.1) and ASAS Partial Remission RR 2.14 (1.49
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to 3.08) (Analysis 6.3) at 16 weeks in the etanercept compared
to sulphasalazine group. BASFI was statistically significantly
improved in the etanercept versus the sulphasalazine group (MD
-10.63, 95% Cl -15.22 to -6.04) . There was no evidence of a
difference in the risk of serious adverse events between etanercept
and sulphasalazine (Peto OR 0.86, 95% Cl 0.24 to 3.05) Analysis 6.5).

A subanalysis of the ASCEND study was undertaken to investigate
the benefit of etanercept versus sulphasalazine in patients with
peripheral joint involvement (Braun 2012a). Of 566 subjects
included in original study, 181 (etanercept 121; sulphasalazine
60) had = 1 swollen peripheral joint and 364 (etanercept 250;
sulphasalazine 124) had none at baseline. Ankylosing spondylitis
patients treated with etanercept showed significantly greater
improvement than those treated with sulphasalazine in all joint
assessments regardless of swollen joint involvement. The authors
noted that,"These findings support the role of etanercept as a
key therapy for the management of subjects with ankylosing
spondylitis regardless of peripheral joint involvement."

Golimumab (50 mg every 4 weeks) versus placebo
Major outcomes

ASAS40: There was high quality evidence that the golimumab
group participants were more likely than placebo to achieve the
ASAS40 criteria (RR 2.90, 95% Crl 1.90 to 4.23), with an absolute
improvement of 25% (95% Crl 12% to 42%) and a NNT =5 (95% CI
3to9).

Physical function (BASFI 0 to 10 scale, lower is better): There
was high quality evidence of a clinically important improvement in
physical function (MD -1.5, 95% Crl -2.3 to -0.7), with an absolute
increased benefit percentage of -15% (95% Crl -23% to -7%);
relative percentage change from baseline of -30% (95% CI -46% to
-14%); and NNT to achieve the MCID of 0.7 points =4 (95% CI 3 to 5).

ASAS partial remission: There was moderate quality evidence
(downgraded for imprecision) that people in the golimumab group
were more likely than those in the placebo group to meet the
criteria for partial remission (RR 5.18, 95% Crl 1.90 to 14.79), with
an absolute improvement of 13% (95% Crl 3% to 41%) and a NNT
=8(95% ClI 3 to 38).

MRI: A MRI substudy conducted at 10/57 participating sites (N
= 60 for placebo and 50 mg golimumab arms) of Inman 2008
was reported in Braun 2012b. Evidence was downgraded to low
quality due to concerns about missing data and the modest level
of agreement between outcome assessors. The mean change from
baseline in the golimumab group was 3.4 points lower (95% CI 7.7
to 0.90 points lower) than placebo, as measured by the ankylosing
spondylitis spine MRI activity score (0 to 138; lower means less
erosions or edema). This translated to a small absolute increased
benefit of 2.5% (95% CI -5.6% to 0.7%) and a relative percentage
change of -35% (95% CI -80% to 9%)).

Radiographic progression: Not reported.

Withdrawals due to adverse events: Based on moderate quality
evidence, we are uncertain of the effect of golimumab on
withdrawals due to adverse events (RR 1.97, 95% Cl 0.36 to 17.51)
but the absolute numbers were low: 5/246 in the golimumab group
versus 2/183 in the placebo (absolute increased harm = 1.6% (95%
Crl -0.4% to 11.6%); relative percentage change of 97% (95% CI

-64% to 1651%)). The evidence was downgraded due to the low
event rates and resulting imprecision.

Serious adverse events: Based on moderate quality evidence,
we are uncertain of the effect of golimumab on serious adverse
events (RR 0.69, 95% Cl 0.15 to 3.32) but the absolute numbers
were low: 5/138 in the golimumab group versus 4/78 in the placebo
group (absolute increased harm was -0.5% (95% Crl-1.3% to 3.5%);
relative percentage change was -31% (95% Cl -85% to 232%). The
evidence was downgraded due to the low event rates and resulting
imprecision. The total number of serious adverse events were not
clearly reported in Bao 2014.

Infliximab versus placebo (pooled 3 mg/kg and 5 mg/kg)

Two studies assessed the effect of infliximab 5 mg/kg versus
placebo; Braun 2002 at 12 weeks and van der Heijde 2005 at 24
weeks. Inman 2010 evaluated a 12-week RCT of a lower dose of 3
mg/kg against placebo. There was no significant heterogeneity of
including the 3 mg/kg dose with the 5 mg/kg dose results, so they
were pooled together. Separate details for the lower dose are also
reported below.

Major outcomes

ASAS40: There was high quality evidence that the infliximab
group participants were more likely than placebo to achieve the
ASASA40 criteria (RR 4.07, 95% Crl 2.80 to 5.74), with an absolute
improvement of 40% (95% Crl 23% to 62%) and a NNT =3 (95% Cl
2to5).

Physical function (BASFI 0 to 10 scale, lower is better): There
was high quality evidence of a clinically important improvement in
physical function (MD -2.1, 95% Crl -2.7 to -1.4), with an absolute
increased benefit percentage of -21% (95% Crl -27% to -14%);
relative percentage change from baseline was -42% (95% CI -54% to
-28%); and NNT to achieve the MCID of 0.7 points =2 (95% CI 2 to 3).

ASAS Partial remission: There was moderate quality evidence
(downgraded for imprecision) that participants in the infliximab
group were more likely than placebo to meet the criteria for partial
remission (RR 15.41, 95% Crl 5.09 to 47.98), with an absolute
improvement of 44% (95% Crl 13% to 87%) and a NNT =3 (95% Cl
2to 8).

Withdrawals due to adverse events: Based on moderate quality
evidence, we are uncertain of the effect of infliximab on
withdrawals due to adverse events (RR 1.77, 95% CI 0.43 to 8.46)
but the absolute numbers were low: 5/274 in the infliximab group
versus 2/150 in the placebo (absolute increased harm was 0.5%
(95% Crl -0.4% to 5.6%); relative percentage change was 77% (95%
Cl -43% to 746%). The evidence was downgraded due to the low
event rates and resulting imprecision.

Serious adverse events: Based on moderate quality evidence, we
are uncertain of the effect of infliximab on serious adverse events
(RR2.53,95% Cl0.76 to 11.09) but the absolute numbers were low:
11/275intheinfliximab group versus 2/147 in the placebo (absolute
increased harm: 2.3% (95% Crl -0.4% to 15.1%); relative percentage
change was 153% (95% CI -24% to 1009%). The evidence was
downgraded due to the low event rates and resulting imprecision.

MRI: Data was reported in a secondary publication of van der Heijde
2005 (Braun 2006). The MRI Activity Score was used to assess spinal
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inflammation as detected by MRI. There was high quality evidence
of a greater reduction in MRI Activity Score from baseline to week 24
in the infliximab-treated group (MD -4.42, 95% Cl -5.59 to -3.25 on
a 0 to 138 scale, lower means less erosions or edema), though the
absolute increase in benefit was small: -3% (95% Cl -4% to -2.4%);
NNT =3 (95% CI 3 to 5) with a relative percentage change of -62%
(95% CI -79% to -46%). As well, evidence of some ("some" defined
as MRI Activity score > 1 where each vertebral unit is scored from
0 to 6 with 0 = no inflammation) spinal inflammation by week 24
was 37% in the infliximab group compared to 73.6% in the placebo
group (P <0.001).

A separate publication (Maksymowych 2010) reported on spinal
inflammation as measured by the SPARCC MRI method in a subset
of the Inman 2010 trial participants. Thirty-six patients at two of
the sites involved in the trial participated in the MRI investigation.
They found a large treatment effect in favor of infliximab (mean
percentage change based on evaluation of the most severely
affected discovertebral units (6 DVU score) in the infliximab group
was -55.1% compared to +5.8% in the placebo group (P < 0.001).
When the evaluation was based on the entire spine (23 DVU score),
the infliximab group had a mean reduction of 57.2% compared to
3.4% in the placebo group (P <0.001).

Radiographic progression: Radiological change was assessed
using the Bath ankylosing spondylitis radiology index (BASRI) in
Braun 2002 though data were not shown. They found that the
"initial degree of radiological axial changes assessed by the BASRIs
was similar in both groups." Interestingly, the study stated that
there was "no less benefit in patients with higher BASRI scores than
those with lower scores"; indicating that the amount of ankylosis
did not impact the benefit of infliximab. Radiographic outcome
data was not reported in van der Heijde 2005 or Inman 2010.

Low dose infliximab (3 mg/kg) versus placebo

Inman 2010 conducted a study on 76 patients to compare the
benefit of infliximab at 3 mg/kg versus placebo. The first 12 weeks
were a double-blind placebo phase and then there was an open-
label phase where placebo patients switched to 3 mg/kg infliximab
and received infusions at weeks 14, 16, 22 and every 8 weeks
afterwards. Patients were eligible for a dose escalation to 5 mg/kg
at weeks 22 or 38 if they were not responding adequately.

Significantly more participantsin the infliximab group than placebo
achieved an ASAS40 response at 12 weeks (RR 5.69 (1.83 to 17.74).
However, after the 12-week double-blind placebo phase, 68% of
patients in the 3 mg/kg infliximab group switched to the 5 mg/kg
by 38 weeks because of lack of benefit.

Adverse event data were not presented separately for the placebo-
controlled, 12-week phase, with the exception of one serious
adverse event of arthralgia in an infliximab-treated patient.

Infliximab + methotrexate versus placebo + methotrexate

Marzo-Ortega 2005 assessed the benefit and harms of adding
infliximab (5 mg/kg) or placebo to methotrexate therapy. The final
infliximab or placebo treatment was given at 22 weeks. At 30 weeks,
neither the change in BASDAI (MD -1.14, 95% Cl -2.76 to 0.48)
(Analysis 7.1), nor the ASAS20 response (RR 2.33, 95% CI 0.80 to
6.80) (Analysis 7.2) or a 50% improvement in BASDAI (RR 2.50, 95%
C10.87to 7.22) (Analysis 7.3) were statistically significantly different
between the two groups. There was a statistically significant

difference at 10 weeks, but this did not extend to 30 weeks. The
last dosing of infliximab was at 22 weeks, so the authors concluded
that the addition of methotrexate to the treatment regimen did
not lengthen the beneficial period of infliximab. There was a
significantly greater reduction in the number of lesions in the
sacroiliac joints and spine resolving completely in the combination
group versus the methotrexate monotherapy group, as assessed by
MRI. No serious adverse events were seen in either group.

Adverse events - pooled results from all four anti-TNF agents
versus placebo

We pooled the results from adalimumab, etanercept, golimumab,
and infliximab to assess for a class-effect of adverse effects of TNF-
inhibitors. Given our interest in adverse events was prespecified in
short-term (less than or equal to 6 months) and long-term (greater
than 6 months) periods, and that all time points reported were six
months or less, we pooled all trials together for an assessment of
short-term effects. The adverse events reported for the 50 mg once
weekly and 25 mg twice weekly groupsin the trial of etanercept (van
der Heijde 2006b) and infliximab 3mg/kg and 5mg/kg doses were
pooled together for this analysis .

Withdrawals due to adverse events: Based on 16 studies (N =2623
participants), there is moderate quality evidence (downgraded for
imprecision) of an increase in withdrawals due to adverse events
in the anti-TNF group versus placebo (Peto OR 2.44, 95% Cl 1.26 to
4.72) though the absolute increase was small (1%, 95% CI 0% to 2%)
with 38/1637 in the biologic group and 7/986 in the placebo group
(Analysis 8.1).

Serious adverse events: Based on 15 studies (N = 2408
participants) and moderate quality evidence, results were
inconclusive for evidence of a difference in serious adverse events
in the anti-TNF group versus placebo (Peto OR 1.45, 95% Cl 0.85 to
2.48) though the absolute increase was small (1%, 95% CI 0% to 2%)
with 51/1530 in the biologic group and 18/878 in the placebo group
(Analysis 8.2).

Most studies did not provide a definition of a 'serious adverse
event'. Two studies (Davis 2003; Gorman 2002) stated that the
National Cancer Institute Common Toxicity criteria scale was used
to grade adverse events and abnormal laboratory values and Inman
2010 used MedDRA ver9.

Head-to-head comparisons
Direct evidence: Etanercept versus infliximab

One RCT (Giardina 2009) assessed the benefit and harm of
etanercept compared to infliximab over a two-year period. The
trial was reported first in a conference abstract and later a full-text
article was published. The risk of bias for this study is high given the
lack of blinding of participants and outcome assessors and there
were no details provided about the method of sequence generation
and allocation concealment.

Fifty patients were enrolled in the trial. To calculate the proportion
of responders reported in the abstract for entry into RevMan, the
number of participants in each treatment group was assumed to
be the denominators at end of study. However, there is a slight
discrepancy in the number of people in each group; the full-text
article states that there were 25 people in each group, while the
abstract states there were 26 people in the etanercept group and 24
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people in the infliximab group. We used the numbers from the full-
text article.

Major outcomes

ASAS40: We are uncertain whether there is a difference between
etanercept and infliximab at 12 weeks (RR 0.79, 95% CI 0.45 to 1.38)
(Analysis 5.1).

BASFI (0 to 10 scale): A statistically significant MD of 1.50 (95% ClI
0.94 to 2.06) in favour of infliximab was found.

Partial remission: Not reported.
MRI and radiographic data: Not reported.

Withdrawals due to adverse events: The abstract states that "no
patients discontinued therapy".

Serious adverse events: Although two "severe infections" were
reported in the infliximab group and one in the etanercept group,
the text stated that there were no discontinuations due to adverse
events, so we considered there to be no serious adverse events.

Indirect evidence from mixed treatment comparison (MTC)
analysis

Indirect comparisons of one treatment versus another are useful
when there is no, or limited, direct evidence from head-to-head
RCTs comparing treatments of interest to practitioners who must
make choices as to which treatment to prescribe to their patient.
In the case of the four anti-TNF agents for use in ankylosing
spondylitis, the majority of RCTs assess each of adalimumab,
etanercept, golimumab and infliximab against placebo and we
also found one open-label RCT comparing etanercept to infliximab
over a two year period (Giardina 2009). The lack of direct
comparisons between anti-TNF agents provides a compelling
reason to undertake a mixed treatment comparison analysis. Figure
3 describes the relationship of trials in this systematic review. Itis a
network with one closed loop (Wells 2009).

We used the direct evidence from the Giardina 2009 study
in the mixed treatment comparison analysis to give refined
estimates of the comparison of etanercept versus infliximab and
refined estimates of the four anti-TNF agents versus placebo.
As well, the mixed treatment comparison analysis provided us
with new indirect estimates of adalimumab versus etanercept,
golimumab versus etanercept, adalimumab versus infliximab,
golimumab versus infliximab, and adalimumab versus golimumab.
We performed indirect comparisons on the following outcomes:
ASAS40,ASAS partial remission, withdrawals due to adverse events,
and serious adverse events. Giardina 2009 was able to contribute
data to all the outcomes except ASAS partial remission. The
outcomes of withdrawals due to adverse events and serious
adverse events had rare events, so in the mixed treatment
comparison analysis, a random-effects model was used and the
zero events were adjusted for by adding 0.5.

Table 2, Table 3, Table 4, Table 5 and Table 6 provide results for
the mixed treatment comparison placebo estimates and also show
the new estimates for the different biologics against each other. For
the mixed treatment comparison-derived head-to-head estimates,
there were wide confidence intervals and no consistency as to
which biologic was favored in terms of ASAS40, partial remission,
BASFI, withdrawals due to adverse events, and serious adverse
events.

As already noted, we had direct estimates of the benefit and harm
of etanercept versus infliximab from the Giardina 2009 study. We
found the indirect mixed treatment comparison estimate and direct
estimates to be similar in terms of magnitude and direction of
effect.

With respect to the homogeneity assumption, statistical
heterogeneity (as assessed by 12 values) for the individual pairwise
meta-analyses (e.g. adalimumab versus placebo, etanercept versus
placebo, golimumab versus placebo and infliximab versus placebo)
used in the indirect comparison meta-analyses were all very low
(see Data and analyses 1 to 4).

For the assumption of trial similarity, Table 7 shows key potential
effect modifiers for the individual anti-TNFs versus placebo
comparisons included in the network meta-analysis. We compared
the distribution of mean age, disease duration, baseline BASDAI
and BASFI for trials of adalimumab versus placebo to etanercept
versus placebo to golimumab versus placebo and to infliximab
versus placebo. The results for the modifiers are similar and overlap
across comparisons.

As noted in the paper by Hochberg 2003 et al, “another method
of assessing the validity of this assumption is to compare the
proportion of patients randomly allocated to receive placebo who
develop the study outcome”. For ASAS40, the range of responses
was 12% to 21%; for partial remission the range was 1% to 6%. Thus,
it seems that it is likely that the patients in these trials are drawn
from similar patient populations.

With respect to methodological risk of bias, most of the studies
are similar in terms of sequence generation and allocation
concealment, being either at low or unclear risk of bias due to
lack of details in the published reports. However, all but the
etanercept versus infliximab Giardina 2009 study were reported
to be “double-blind”, though details of the methods of blinding
were not always clearly reported in the other studies. Giardina
2009 was an unblinded study, presumably because it was difficult
to blind treatments with different routes of administration; i.e.
subcutaneous versus infusion. This puts it at a higher risk of bias
than the other studies. As well, the length of outcome assessment
was quite different in the Giardina 2009 study as the full duration of
the trial was 104 weeks. As all other studies reported results at 24
weeks or less, and we used the 12 week data from Giardina 2009.

However, there was no significant inconsistency evident in the
consistency plot for ASAS40 (Figure 6). The other major outcomes
had similar consistency plots.
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Figure 6. ASAS40: Plot of Posterior Mean Deviance of the Individual Data Points in the Inconsistency Model against

Their Posterior Mean Deviance in the Consistency Model
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Adverse effect warnings from regulatory websites

Table 8 summarizes the warnings on the use of TNF-inhibitors from
the websites of FDA MedWatch, European Medicines Evaluation
Agency, Australian Adverse Drug Reactions Bulletin, and UK
Medicines and Healthcare products Regulatory Agency (MHRA)
Drug Safety Updates. Most warnings concerned tuberculosis
and other serious infections as well as lymphoma and other
malignancies, and recommended avoiding the concomitant use of
biologics.

Sensitivity analyses

As Figure 2 shows, there were few concerns about studies with
high risk of bias, with the exception of Giardina 2009 which did
not blind patients or investigators. The results of the network

meta-analyses showed good consistency so we did not perform a
sensitivity analysis around study quality.

Mantel-Haenzsal versus Peto OR for rare events

Although using the Mantel-Haenszel method changed the width of
some confidence intervals, none of the point estimates changed
significantly, nor did any estimates change in their statistical
significance. Therefore, we feel our estimates of outcomes with rare
events using the Peto OR are robust.

Subgroup analyses

We explored the characteristics of the studies as described below
and found them sufficiently similar and did not conduct subgroup
analyses.
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Dose

We pooled the 5 mg/kg dose and 3 mg/kg dose of infliximab for
major outcomes in a standard meta-analysis. There was very little
heterogeneity when these doses were pooled. We investigated the
effect estimates in the low-dose and high-dose groups separately
and found them to be quite similar.

Trial duration

All RCT portions of the studies were six months or less duration
and we had specified a priori that trials shorter than or equal to six
months would be used to assess short-term benefits and harms.

Patient characteristics

Overall, the studies were quite homogeneous (Table 7). Barkham
2010 and Huang 2008 were reported in abstracts, so details
of patient characteristics are not available. All studies included
patients meeting the modified New York classification criteria.
Patients were similar across trials in terms of age (range of mean
age in treatment group 30 to 45 years). Calin 2004 included the
oldest patients but the effect estimates were similar to the other
studies for BASFI. All studies included a majority of men (%
male in treatment group range: 65% to 83%, with the exception
of Dougados 2011 which focused on people with advanced
ankylosing spondylitis. We included and excluded Dougados 2011
from a standard meta-analysis of the major outcomes for trials
of etanercept and found that the study introduced very little
heterogeneity and the effect estimates were very similar: BASFI
went from 12 = 24% to 0% and both ASAS40 and withdrawals due
to adverse events stayed at 12 = 0% when Dougados 2011 was
removed. Therefore we decided it was appropriate to pool it with
the other studies.

BASDAI and BASFI baseline scores were similar across studies
(BASDAI range: 5.8 to 6.6 and BASFI range: 4.5 to 6.5). Disease
duration was similar, with almost all ranging from 10 to 15 years
in the treatment groups across studies. The two exceptions were
Dougados 2011 at 19 years but as explained above, we felt it was
appropriate to use it in the analyses with the other studies. Bao
2014 had the shortest disease duration at 6.1 years, but its results
were very similar to the other golimumab study for the major
outcomes (ASAS40 and withdrawals due to adverse events both had
12=0%).

Only Brandt 2003 did not allow concomitant disease-modifying
anti-rheumatic drug therapy but in terms of the BASDAI, the result
from this study was very similar to the other studies of etanercept.

Almost all included studies excluded patients with complete
ankylosis (fusion) (exclusion criteria not reported in Lambert 2007
and van der Heijde 2006a restricted a priori to < 10% of recruited
patients could have complete ankylosis).

Assessment of publication bias

We had planned to assess publication bias by visual inspection
of funnel plots. However, it was very difficult to assess plots with
few studies in them. According to the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011), when assessing
publication bias using statistical tests for funnel plot asymmetry, at
least 10 studies should be included in the meta-analysis, otherwise
the power of the test is too low. There is no guidance regarding
the minimum number of studies needed for visual inspection. We

decided to look at plots with more than 10 studies and there were
two analyses that met this criteria. Both appear to have a funnel
shape (and it is more apparent when the treatment effect is a
risk ratio rather than Peto OR) with the studies distributed fairly
symmetrically around the mean effect size. There is not strong
evidence of small-study bias when assessing these plots.

DISCUSSION

Summary of main results

Twenty-one RCTs with a total of 3308 participants met the inclusion
criteria for this review. The major beneficial outcomes were based
on those recommended by the Assessment of SpondyloArthritis
international Society (ASAS), and the primary analysis results were
based on mixed treatment comparison refined placebo estimates.

High quality evidence showed that in the short-term (less than
24 weeks), each biologic - adalimumab, etanercept, golimumab,
and infliximab - when compared to placebo, improved ankylosing
spondylitis symptoms of pain, function, stiffness and global well-
being. Moderate quality evidence showed a greater number of
participants met the partial responder criteria. There was low to
moderate quality evidence for less erosions and edema in spine
and sacroiliac joints as measured by magnetic resonance imaging
(MRYI) in trials of adalimumab, golimumab, and infliximab, though
the absolute improvement was small and we are not sure of the
clinical relevance.

Radiological progression was measured in only one study of
etanercept versus placebo and changes were similar in both
groups. Given that all trials were 24 weeks or less, it is not surprising
that most did not measure radiographic progression.

We pooled adverse event data from the four anti-TNF agents to
investigate a class effect of the TNF-inhibitors. When all the anti-
TNF agents were combined against placebo, there was moderate
quality evidence from 16 studies of an increased risk of withdrawals
due to adverse events in the anti-TNF group, but results were
inconclusive for evidence of a difference between groups in terms of
risk of serious adverse events in the anti-TNF group versus placebo.
We downgraded the evidence to moderate, given the low number
of events.

Our search of major regulatory agency websites for warnings
of adverse effects highlighted concerns of serious infections,
including tuberculosis, as well as lymphoma, and malignancies
associated with anti-TNF use.

Indirect comparisons can be useful when there is limited direct
evidence for a clinically-important question. Appropriate methods
should be employed to undertake indirect comparisons; for
example, “naive” pooling methods should be avoided, and in
this analysis, we have undertaken a suitable methodology, mixed
treatment comparisons, for our indirect comparisons. The direct
estimates from the one head-to-head study of etanercept versus
infliximab (Giardina 2009) were comparable in terms of the
magnitude and direction of effect with the refined estimates
obtained from the MTC analysis, thereby increasing our confidence
in the indirect comparison estimates. For the mixed treatment
comparison-derived head-to-head estimates, there were wide
confidence intervals and no consistency as to which biologic was
favored in terms of the major outcomes. Therefore, we do not have
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evidence that one anti-TNF agent appears to confer more benefit or
harm than another.

One RCT (Braun 2011) assessed etanercept (50 mg once a week)
compared to sulphasalazine. Etanercept was found to have a
statistically significantly better response in terms of ASAS20,
ASAS40, and ASAS5/6 at 16 weeks. As well, Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing
Spondylitis Functional Index (BASFI), Bath Ankylosing Spondylitis
Metrology Index (BASMI), nocturnal back pain, and Modified
Schobers response were all greater in the etanercept versus the
sulphasalazine groups.

Infliximab in combination with methotrexate versus placebo plus
methotrexate was assessed in Marzo-Ortega 2005. At 30 weeks,
there was no statistically significant difference between the two
groups in terms of ASAS20, > 50% BASDAI response, or change in
BASDAI, though there had been at 10 weeks. The assessment at 30
weeks was 8 weeks after the last dose of infliximab had been given
and the authors concluded that the addition of methotrexate did
not confer a longer benefit of infliximab. Caution is needed though,
as this is based on only one small study.

Overall completeness and applicability of evidence

In total, twenty-one trials addressed the use of anti-TNF agents:
adalimumab (three trials), etanercept (eight trials versus placebo;
oneversus sulphasalazine, one a high versus low dose), golimumab
(2 trials), infliximab (4 trials, one assessed the benefit of infliximab
in combination with methotrexate), and one trial of etanercept
versus infliximab, for the treatment of ankylosing spondylitis. The
RCTs were between six and 24 weeks duration, so all data about
benefit and harm is based on short-term studies. We assessed
appropriate outcomes based on Assessment of SpondyloArthritis
international Society recommendations to establish short-term
benefit of the anti-TNF agents against placebo.

Participants in the included studies had high disease activity (entry
criteria was a BASDAI = 4). The high levels of disease activity seen in
the patients included in these trials may not be typical of patients
seen in daily clinical practice. In addition, patients selected for
RCTs generally have few major comorbidities. Almost all studies
excluded patients with complete ankylosis of the spine, and many
excluded patients with conditions related to the concerns of
potential harms with biologics, i.e. recent serious infections, history
of infectious diseases or malignancies in last five years, and signs
of severe renal, cardiac, hepatic, demyelinating, or other diseases.
This may impact the generalizability of these results to clinical
practice.

As disease duration of the participants enrolled in these studies
was mainly 10 years and longer, the applicability of this evidence
to those with shorter disease duration is unclear. However, in
Rudwaleit 2004, a shorter disease duration (< 10 years) and a
lower BASFI (< 4.5) were both found to be strong predictors
of a major clinical response (as assessed by > 50% BASDAI
response). Therefore, it is of interest to conduct trials of anti-TNF
agents in populations with early disease to determine if there is
indeed a better response and any effect on the progression of
ankylosis spondylitis in this population and to determine when it is
appropriate to start anti-TNF therapy (Haibel 2010).

Most trials used a standard dose for each of the biologics. One
trial (van der Heijde 2006b) assessed the benefit of giving 50 mg of
etanercept once a week versus 25 mg twice a week and concluded
that the benefit and safety outcomes were similar between the
two groups. Another trial (Inman 2010) evaluated the effect of a
lower dose of infliximab (3 mg/kg) compared to the standard dose
of 5 mg/kg. Although a previous open-label study of lower dose
infliximab showed sustained benefit in the majority of patients, in
the extension phase of this RCT (the double-blind phase was to 12
weeks), by week 38, most participants (68%) required an increase
to 5 mg/kg to maintain benefit.

Alimitation of this review is that we did not include non-RCT data to
assess changes in the radiological progression of patients exposed
to anti-TNF therapy. It is unlikely that changes in radiological
progression will be seen in RCTs of six months or less duration. In
addition, the lack of including non-RCT data limits the assessment
of rare or delayed harms which are unlikely to be found in short-
term RCTs.

An editorial on the study of abatacept in rheumatoid arthritis
(Boers2006) highlights the desire of clinicians for active comparator
trials, once the benefit of a treatment has been established against
placebo. As described above in the summary of results section, only
one head-to-head study of anti-TNF agents (Giardina 2009) was
found in our systematic search. We therefore performed indirect
comparisons using mixed treatment comparison methodology to
explore the evidence base and test the robustness of the results.
However, additional large, well conducted, head-to-head studies
would be helpful to provide clinicians with a stronger evidence base
regarding differences between the various biologics.

Certolizumab pegol, another TNF-inhibitor, has been approved
for use in ankylosing spondylitis and it will be included in our
update of this review. As well, we may need to consider whether a
new disease activity measure, the Ankylosing Spondylitis Disease
Activity Score (ASDAS) should be included as a major outcome. A
further consideration for future updates is that new studies also
apply the new ASAS axial spondyloarthropathy (axSpA) criteria
and we will need discussion on including more heterogeneous
populations of radiographic axSpA (ankylosing spondylitis) and
non-radiographic axSpA.

Quality of the evidence

Adequate allocation concealment can avoid selection bias in
controlled trials and there is evidence that inadequate allocation
concealment leads to an overestimation of the treatment effect
(Schultz 1995). We obtained additional information from the
authors for some studies to clarify the method of allocation.
Still, there were eleven studies which did not provide enough
information on this domain and we had to mark it as unclear.

Blinding of participants was not clearly reported in seven
studies. Giardina 2009 was clearly not blinded; this two-year
study compared etanercept (given subcutaneously) with infliximab
(given as an infusion), so it is evident why the patients were not
blinded. Given that the primary outcome measured in most trials
was the BASDAI or ASAS20, both self reported measures, it is
necessary for patients to be blinded to ensure detection bias has
not been introduced in these studies.
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Risk of bias due to attrition bias was unclear in five studies, and
completion rates were greater than 80% in all but one study,
Marzo-Ortega 2005, which had a large imbalance in withdrawals
in the treatment and placebo arms, mostly due to lack of benefit
in the placebo group (93% versus 64%). All the trials reported
the numbers of patients who dropped out in the treatment and
placebo groups. The drop-out rates were generally higher in the
placebo group than the treatment group in all trials and there
was a much higher rate of withdrawal due to lack of benefit in
the placebo groups. In most trials the missing data were imputed
using last observation carried forward analysis for continuous
data and 'non-responders' for dichotomous outcomes like ASAS20.
Most trials reported a proper intention-to-treat analysis. The other
trials (Braun 2002; Inman 2010; van der Heijde 2006b) reported
a 'modified' intention-to-treat analysis as one defined by those
subjects who received at least one infusion of study medication.
Although fewer than 3% of participants were affected, it is of
interest to know why patients who were randomized did not receive
the study drug.

The Assessment of SpondyloArthritis international Society (ASAS)
and OMERACT groups have had great success in standardizing
outcomes that should be measured in trials of interventions for
ankylosing spondylitis. The ASAS response criteria were developed
for use in clinical trials and the ASAS40 and ASAS5/6 response
criteria have both shown good discrimination in anti-TNF studies
(Brandt 2004). The trials included in this systematic review
usually reported outcome measures as recommended by ASAS and
OMERACT for trials on ankylosing spondylitis patients. There is
little risk of bias due to selective reporting in these trials in terms
of beneficial outcomes; however, adverse events were less clearly
reported.

Heterogeneity was low in pooled analyses of the major outcomes.
The low event rates in the outcomes of partial remission,
withdrawals due to side effects, and serious adverse events led to
downgrading the quality of evidence for the resulting imprecise
estimates.

When combining studies it is important that the outcome measures
are comparable. Of note, different definitions of serious adverse
events were used in the assessment of these events across the
trials. Most trials did not provide a specific definition, two stated
they used the National Cancer Institute Common Toxicity Criteria,
and another MedDRA version 9. We assumed for the purpose of
this review that the definitions were similar enough to warrant
combining.

Only two outcomes had enough studies in which to visually inspect
a funnel plot for publication bias. These plots did not indicate
a potential lack of publication of smaller, 'negative' studies but
overall we do not have much evidence whether publication bias is
an issue in this systematic review.

With regards to detecting adverse events in RCTs, it was noted
in Yazici 2008 that an inadequate sample size (Type Il error) is
a possible reason that a significant difference in the number of
adverse events between treatment and placebo groups is often not
observed. All the included studies termed themselves 'efficacy and
safety' studies. But in none of the trials was there a discussion of
necessary sample sizes to detect adverse events.

We concluded that there is moderate (downgraded for concerns
about imprecision due to low event rates) to high level evidence
for the short-term outcomes of ASAS40 response, achievement of
partial remission, physical function, and disease activity. Evidence
for improvement in inflammation as measured by MRI results was
low to moderate due to small population and concerns about
missing data in one study. Harms outcomes were downgraded to
moderate due to low event rates and resulting imprecise estimates.

Potential biases in the review process

We undertook a systematic, thorough search of the electronic
literature and searched key conference proceedings to identify all
studies meeting the inclusion criteria for this review. However,
we did not approach pharmaceutical companies for additional
data and it is possible that additional data from this source could
contribute to this review. Study selection, data extraction, and risk
of bias assessments were done in duplicate and independently and
we reached consensus by discussing any discrepancies.

Published trial reports did not provide enough details to
adequately assess risk of bias and some variance measures
necessary for meta-analysis were missing from the report. We
contacted some authors for further information and while some of
the requested data was provided, itis a limitation of this review that
not all the data were available. For some trials we had to undertake
transformations and assumptions in order to enter continuous data
into our mixed treatment comparison spreadsheets and this may
reduce the accuracy of our estimates.

Some adverse event outcomes consisted of sparse data, with few
events in the groups. In cases where there were no events in either
study arm (zero total event studies), the study did not contribute
to the meta-analysis. The rationale for this method is that no
information on the magnitude of the treatment effect can be
obtained from these studies. An investigation by Sweeting 2004
confirmed that "zero total event studies do not contribute to a
fixed meta-analysis" and so we felt it appropriate not to include
these in our meta-analysis. The Peto OR was shown to be one of
the least biased estimators of a treatment effect when using sparse
data. However, in the case of unbalanced study arms with four
times as many participants in one arm as another, there is concern
that the estimate will be biased (Bradburn 2007). Given that none
of our included studies were unbalanced by more than 4:1, we
decided the Peto OR was a suitable method. When analyzing rare
data in a meta-analysis, it is recommended that various methods
are used to determine the treatment effect estimate and sensitivity
analyses are undertaken (Sweeting 2004). For those analyses in
which studies had zero events in one arm, or an event rate < 10%,
we used the Peto OR. We also performed the Mantel-Haenszel
method with the standard continuity correction of 0.5 to check the
robustness of our results and found that results did not change
significantly. We did not perform other sensitivity analyses with
other continuity corrections, but given that there was consistency
of results with the standard continuity correction, we are confident
that our estimates are robust.

For the indirect comparison results to be considered robust, it must
be investigated whether the trials included in each standard meta-
analysis comparison (e.g. A-B and C-B) are homogeneous; whether
the effect of the linking treatment is similar across comparisons;
and whether there is consistency of evidence. To judge the
likelihood of these assumptions being true, the comparability of
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the linking treatment, the patient population, the methodological
risk of bias, the study design, and the date of publication must
be assessed (Song 2009; Wells 2009). We did assess the studies
included in terms of the criteria noted above. As noted in Table 7
and the Results section, the patient populations were fairly similar
in terms of length of disease duration, severity of disease, inclusion/
exclusion trial criteria, and trial duration. The one head-to head
study of etanercept versus infliximab (Giardina 2009) did not blind
the participants (given the difference in route of administration
of the two biologics) and it was measured at a longer follow-
up time than the other included studies (two years versus six
months, though interim results were available). However, since the
treatment effect observed for etanercept and infliximab was similar
to that seen in other placebo-controlled studies, and including
this study allowed us to have a closed loop in our network meta-
analysis for evaluating the consistency of the direct and indirect
evidence, we decided it was appropriate to include this in our
indirect comparison analysis.

However, it must be cautioned that while we assessed the
necessary assumptions for undertaking indirect comparisons,
indirect comparisons may not provide the same strength of validity
of results that a well conducted, head-to-head, RCT may.

A protocol was published for this review (Zochling 2005)
and outcomes and analyses were specified a priori. However,
since this time, there have been significant changes to the
methodology recommended in the Cocharane Handbook for
Systematic Reviews of Interventions (Higgins 2011), specifically
around assessing the risk of bias, grading the quality of evidence,
and providing 'Summary of findings' tables. Our protocol listed
outcomes recommended by the Assessment of SpondyloArthritis
international Society (ASAS) but for the 'Summary of findings'
table, we had to choose a maximum of seven outcomes,
representing both benefit and harm. In discussion with ASAS
members we decided on our seven major outcomes and we do
not think that any selection bias was introduced when making this
choice.

Agreements and disagreements with other studies or
reviews

The National Institute for Health and Clinical Excellence (NICE)
undertook a technology appraisal report to provide guidance on
the use of adalimumab, etanercept and infliximab for ankylosing
spondylitis for the UK National Health Service (NICE 2008). The
report was issued in May 2008 and the results are very similar to
this review. This Cochrane review includes some newer information
on the benefit of low-dose infliximab and use of 50 mg once
per week of etanercept. The NICE report also conducted indirect
comparisons of the anti-TNF inhibitors and as this review did, found
no statistically significant difference between the three biologics
in terms of ASAS response rates. The NICE 2008 review assessed
cost-effectiveness of three biologics in detail and recommended
that the high cost of infliximab precluded its recommendation for
use in people with ankylosing spondylitis. Both adalimumab and
etanercept were recommended for use subject to the conditions
outlined in the report. Golimumab was recommended for use in the
NICE 2011 report.

A recent meta-analysis (Callhoff 2014) of RCTs assessed the
benefit of anti-TNF agents adalimumab, certolizumab, etanercept,
golimumab or infliximab against placebo for both ankylosing

spondylitis and non-radiographic axial spondyloarthritis. Like this
review, they found that anti-TNF agents showed improved benefit
compared to placebo. Effect sizes were greater in the ankylosing
spondylitis population compared to the non-radiographic axial
spondyloarthritis trials, though when they adjusted the estimates
for the year of publication as a proxy for disease severity, there was
no longer a difference between the two populations.

While the data for this systematic review is based on RCTs, a study
based on the British Society for Rheumatology Biologic Register
assessed the use of anti-TNF therapy for ankylosing spondylitis
in the UK in routine care. They found the mean improvement in
BASDAI was 3.6 (0 to 10 scale), 52% of patients achieved a BASDAI
> 50 and concluded that "routine clinical use improves disease
activity and functional impairment in patients with ankylosing
spondylitis" (Lord 2010).

AUTHORS' CONCLUSIONS

Implications for practice

There is moderate to high level quality of evidence for a clinically
important benefit of adalimumab, etanercept, golimumab, and
infliximab compared to placebo in improving disease activity and
function, and achieving partial remission in ankylosing spondylitis
in the short-term. Reduction in spinal inflammation, as measured
by magnetic resonance imaging (MRI), was based on low to
moderate quality evidence and the clinical relevance of the small
absolute changesisunclear. There s little evidence on radiographic
progression from these short-term RCTs. There is moderate quality
evidence for a small increased risk of withdrawals due to adverse
events for the anti-tumor necrosis factor (TNF) agents as a group
against placebo, but results were inconclusive for evidence of a
difference between groups in terms of risk of serious adverse
events. We downgraded evidence given the low number of eventsin
the harm outcomes. For the indirect head-to-head estimates, there
were wide confidence intervals and no consistency as to which
biologic was favored in terms of the major outcomes. Therefore, we
do not find evidence that one treatment appears to confer more
benefit than another. Given that the included studies were all six
months or less in duration, we did not assess evidence on the long-
term benefit or effectiveness of anti-TNF therapy for ankylosing
spondylitis.

Implications for research

Future trials of anti-TNF agents should focus on populations with
early disease to determine if there is indeed a better response, the
effect on the progression of ankylosis in this population, and to
determine when it is appropriate to start anti-TNF therapy. Given
the paucity of head-to-head study data, we performed a network
meta-analysis to estimate effects of one anti-TNF agent versus
another. However, we recommend that large, well-conducted
randomized trials of anti-TNF agents versus each other are needed
to clearly address issues of effectiveness among these agents.
Studies based on biologic registry and other observational data will
be useful to assess rare and delayed adverse effects.
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Bao 2014
Methods Multicenter, 24-week, randomized, double-blind, placebo-controlled phase Il trial followed by subcu-
taneous administration of golimumab 50mg to all patients from week 24 forward
Participants Golimumab 50 mg (N = 108) Placebo N = (105)

Age (mean (SD), years): Treatment group - 30.5 (10.27); Control group - 30.6 (8.60)
N (%) male: Treatment group - 90 (83.3); Control group - 87 (82.9)

Ethnicity: Chinese

Duration of symptoms (mean (SD), years): Treatment group - 6.1 (5.93); Control group -6.6 (5.67)

Duration since ankylosing spondylitis diagnosis: Treatment group 4.2 (5.22); control group 3.7 (3.88)

Inclusion: Diagnosis of ankylosing spondylitis for at least 3 months defined as definite by the 1984 mod-
ified New York criteria; BASDAI of >=4 (0-10cm scale) and visual analogue scale score for total back pain
of >=4 (0-10cm scale)

Exclusion: prior biologic anti-TNF therapy; complete ankylosis of the spine, failed tuberculosis screen-
ing

Patients were allowed to continue receiving stable doses of MTX, SSZ and HCQ during study participa-
tion

Interventions

Subcutaneous injections of placebo (group 1) or golimumab 50 mg (group 2) every 4 weeks. At week
16, patients with <20% improvement from baseline in both total back pain and morning stiffness mea-
sures entered double-blind early escape, whereby those in group 1 were started on golimumab 50 mg
and those in group 2 continued to receive golimumab 50 mg. At week 24, all patients still receiving
placebo crossed over to golimumab 50 mg subcutaneous injections

Outcomes The primary study endpoint was the proportion of patients achieving ASAS20 at week 14. Other clin-
ical assessments: BASFI, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylos-
ing Spondylitis Metrology Index (BASMI), ASAS40 response, ASAS5/6 response, ASAS partial remission,
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Bao 2014 (Continued)

SF-36 health-related quality of life (HRQoL) questionnaire, Jenkins Sleep Evaluation Questionnaire
(JSEQ)

Notes NCT01248793. " This study was funded by Janssen Research & Development, LLC, Spring House, PA,
USA. Janssen statisticians and programmers performed the analyses. All authors reviewed and ap-
proved the content of the manuscript before submission and jointly agreed to submit the final version
of the manuscript. The manuscript was prepared by C.B., F.H., M.AK,, K.F., ZW., C.H., E.C.H., Michelle
Perate (non-author; a paid consultant for Janssen Scientific Affairs), and Mary Whitman (non-author;
Janssen Biotech)." Four authors are employees of Janssen Pharmaceuticals.

MTX = methotrexate, SSZ = sulphasalazine and HCQ = hydroxychloroquine

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No details provided

tion (selection bias)

Allocation concealment Unclear risk No details provided

(selection bias)

Blinding of participants Unclear risk "Double-blind", no details provided

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Double-blind", no details provided

and personnel (perfor-

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind", no details provided

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind", no details provided

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Low risk 101/105 in golimumab group and 102/108 in placebo group completed 52

(attrition bias)
Efficacy outcomes

weeks; Intention-to-treat analyses

Incomplete outcome data
(attrition bias)
Safety outcomes

Low risk 101/105 in golimumab group and 102/108 in placebo group completed 52
weeks; Intention-to-treat analyses

Selective reporting (re-
porting bias)

Low risk Reported on primary outcome as defined in protocol on clinicaltrials.gov and
on Assessment of SpondyloArthritis international Society (ASAS)-recommend-
ed outcomes

Method of adverse event Unclear risk No details
monitoring
Safety outcomes
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'Serious adverse event'
definitions provided?
Safety outcomes

Unclear risk

No details

Barkham 2010

Methods

"Double blind, placebo controlled trial". States that participants were randomized to etanercept or

placeboinalto 1ratio

Participants

N =40, 20 per group. 32 (80%) male; mean age 40.1 years (range 20-61 years); mean duration of symp-

toms 17 years

Interventions

Etanercept (25 mg) or placebo twice weekly for 3 months

Outcomes Primary outcome was a change in the work instability of patients after 3 months as measured by the
Ankylosing Spondylitis Work Instability Scale (AS WIS) scale. Secondary outcomes included changes
in AS WIS score after 6 months, clinical response (BASDAI, BASFI, Ankylosing Spondylitis Quality of Life
(ASQol)) and gait analysis at 3 and 6 months

Notes Funding source not reported. First reference reported as an abstract from a conference proceeding

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Low risk "The site monitor, investigators, and patients remained blinded until after

and personnel (perfor- the data through week 12 had been finalised" ; although details not provided,

mance bias) probably done adequately

Patient-assessed out-

comes

Blinding of participants Low risk "The site monitor, investigators, and patients remained blinded until after

and personnel (perfor- the data through week 12 had been finalised" ; although details not provided,

mance bias) probably done adequately

Physician-assessed out-

comes

Blinding of outcome as- Low risk "The site monitor, investigators, and patients remained blinded until after

sessment (detection bias) the data through week 12 had been finalised" ; although details not provided,

Patient-assessed out- probably done adequately

comes

Blinding of outcome as- Low risk "The site monitor, investigators, and patients remained blinded until after

sessment (detection bias) the data through week 12 had been finalised" ; although details not provided,

Physician-assessed out- probably done adequately

comes

Incomplete outcome data  Unclear risk Unclear if all completed trial

(attrition bias)

TNF-alpha inhibitors for ankylosing spondylitis (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Barkham 2010 (continued)
Efficacy outcomes

Incomplete outcome data  Unclear risk unclear if all completed trial

(attrition bias)

Safety outcomes

Selective reporting (re- Low risk Assessment of SpondyloArthritis international Society (ASAS)-recommended

porting bias)

clinical outcomes reported in addition to primary outcome

Method of adverse event Unclear risk Not reported
monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not reported

definitions provided?
Safety outcomes

Brandt 2003

Methods

Multicenter, randomized, placebo-controlled trial

Participants

N =14 etanercept ; N = 16 placebo

Age (mean years): Treatment group - 40; Control group - 32

% male: Treatment group - 71%; Control group - 75%

% white: Not reported

Disease duration (years): Treatment group - 15; Control group -11

Patients fulfilled the modified NY criteria for ankylosing spondylitis and had active disease defined by
BASDAI >=4 and spinal pain of >=4 on 0-10 scale

Excluded: active tuberculosis in past 3 years, serious infection in past 2 months, malignancies in past
5 years, multiple sclerosis or related disorder, current signs of severe disease. Disease-modifying, an-
ti-rheumatic drugs (DMARDs) and corticosteroids withdrawn at least 4 weeks prior to screening. Also,
widespread ankylosis. Non-steroidal, anti-inflammatory drugs (NSAIDs) at same or less dose at base-
line were allowed

Interventions

Etanercept 25 mg twice weekly subcutaneously vs placebo for 6 weeks

Outcomes Primary: BASDAI >= 50% by week 6. Others: BASDAI, BASFI, BASMI, ASAS20%, SF-36, Bath Ankylosing
Spondylitis Radiology Index -spine (BASRI-s), adverse events

Notes "Supported by a grant (Kompentenznetz Rheuma) from the German Ministry of Research and by Wyeth
Pharma who provided the study drug"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Initials and sex of the 33 remaining patients were reported to a central inde-
pendent registration office by fax. Patients were randomly allocated to one of
the treatment groups"

Allocation concealment
(selection bias)

Low risk "Initials and sex of the 33 remaining patients were reported to a central inde-
pendent registration office by fax. Patients were randomly allocated to one of
the treatment groups"
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Brandt 2003 (Continued)

Blinding of participants Low risk "The pharmacist at each center prepared the medication, which was delivered

and personnel (perfor- in a blinded manner." "The placebo solution containing bacteriostatic water

mance bias) was supplied and administered identically." "Investigators and patients re-

Patient-assessed out- mained blinded until week 12, 6 weeks after the placebo controlled phase had

comes finished"

Blinding of participants Low risk "Investigators and patients remained blinded until week 12, 6 weeks after the

and personnel (perfor- placebo controlled phase had finished"

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk "The pharmacist at each center prepared the medication, which was delivered

sessment (detection bias) in a blinded manner." "The placebo solution containing bacteriostatic water

Patient-assessed out- was supplied and administered identically." "Investigators and patients re-

comes mained blinded until week 12, 6 weeks after the placebo controlled phase had
finished"

Blinding of outcome as- Low risk Investigators and patients remained blinded until week 12, 6 weeks after the

sessment (detection bias) placebo controlled phase had finished"

Physician-assessed out-

comes

Incomplete outcome data  Low risk Reasons for withdrawal provided. > 80% follow-up in both treatment and

(attrition bias) placebo groups

Efficacy outcomes

Incomplete outcome data ~ Low risk Reasons for withdrawal provided. > 80% follow-up in both treatment and

(attrition bias) placebo groups

Safety outcomes

Selective reporting (re- Low risk Assessment of SpondyloArthritis international Society (ASAS)-recommended

porting bias) outcomes reported. "As the primary end point of the study, an improvement
in disease activity of 50% between baseline and week 6, measured by the BAS-
DAI, was chosen. The secondary outcome parameters analyzed were improve-
ments in numeric rating scale for spinal pain, BASFI, Bath Anyklosing Spondyli-
tis Metrology Index (BASMI), SF-36, the ASAS response criteria, serum C-reac-
tive protein (CRP) level, and erythrocyte sedimentation rate (ESR)

Method of adverse event Unclear risk Method not reported; or efficacy, clinical questionnaires filled out every 3

monitoring weeks

Safety outcomes

'Serious adverse event' Unclear risk Serious adverse event definition not provided

definitions provided?
Safety outcomes

Braun 2002

Methods

Multicenter, randomized placebo-controlled trial

Participants

N =34 infliximab; N = 35 placebo

Age (mean years): Treatment group - 41; Control group - 39

% male: Treatment group - 68%; Control group - 63%

% white: Treatment group - not reported

Disease duration (years): Treatment group - 16; Control group -15

TNF-alpha inhibitors for ankylosing spondylitis (Review)

46

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Braun 2002 (Continued)

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Patients fulfilled the modified NY criteria for AS and had active disease defined by BASDAI >=4 and
spinal pain of >=4 on 0-10 scale

Excluded: The main reasons for exclusion were severe comorbidity, insufficient disease activity, com-
plete ankylosis, incorrect diagnosis, and disease-modifying, anti-rheumatic drugs therapy. Also, ac-
tive tuberculosis in past 3 years, specific changes in radiograph of chest at baseline, serious infection
in past 2 months, malignancies in past 5 years, signs of severe renal, hepatic, haematological, gas-
trointestinal, endocrine, pulmonary, cardiac, neurological, cerebral disease. Disease-modifying, an-
ti-rheumatic drugs and corticosteroids withdrawn at least 4 weeks prior to screening. Patients allowed
non-steroidal, anti-inflammatory drugs but dose could not increase from baseline dose

Interventions

Infliximab 5 mg/kg intravenous vs placebo administered at 0, 2, 6 weeks for 12 weeks

Outcomes Primary: BASDAI >= 50% by week 12. Others BASDAI, BASFI, BASMI, ASAS20%, SF-36, spinal pain, serum
C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR), adverse events
Notes "Funded by a grant (Kompentenznetz Rheuma) from the German Ministry of Research and by Essex
Pharma, Munich, who provided the study drug"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "The allocation schedule was generated by computer-generated random num-

tion (selection bias) bers, done in blocks of four for every centre. Thus, within each group of pa-
tients enrolled by a single centre, two were randomly assigned to placebo, and
two to infliximab"

Allocation concealment Low risk "The allocation schedule was generated by computer-generated random num-

(selection bias) bers, done in blocks of four for every centre. Thus, within each group of pa-
tients enrolled by a single centre, two were randomly assigned to placebo, and
two to infliximab." "Investigators were informed by fax about the randomisa-
tion, and were provided with the trial number of the patient." This informa-
tion was kept in a sealed envelope that was only opened in case of a serious
adverse event

Blinding of participants Low risk "Investigators and patients were unaware of treatment status until all case re-

and personnel (perfor- port forms had been completed"

mance bias)

Patient-assessed out-

comes

Blinding of participants Low risk "Investigators and patients were unaware of treatment status until all case re-

and personnel (perfor- port forms had been completed." "The information had to be sent back once

mance bias) the patient had completed the trial." (referring to the sealed envelope with the

Physician-assessed out- group assignment)

comes

Blinding of outcome as- Low risk "Investigators and patients were unaware of treatment status until all case re-

sessment (detection bias) port forms had been completed"

Patient-assessed out-

comes

Blinding of outcome as- Low risk "Investigators and patients were unaware of treatment status until all case re-

sessment (detection bias)
Physician-assessed out-
comes

port forms had been completed." "The information had to be sent back once
the patient had completed the trial."(referring to the sealed envelope with the
group assignment)
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Braun 2002 (Continued)

Incomplete outcome data  Low risk Greater than 80% follow-up. Reasons for withdrawal were provided. The last

(attrition bias) observation carried forward method was applied to the four infliximab group

Efficacy outcomes members that withdrew

Incomplete outcome data  Low risk Greater than 80% follow-up. Reasons for withdrawal were provided. The last

(attrition bias) observation carried forward method was applied to the four infliximab group

Safety outcomes members that withdrew

Selective reporting (re- Low risk Assessment of SpondyloArthritis international Society (ASAS) recommended

porting bias) outcomes were reported. "The primary endpoint was improvement of disease
activity by 50% between baseline and week 12, measured by BASDAI"

Method of adverse event Unclear risk Not reported

monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not provided

definitions provided?
Safety outcomes

Braun 2011

Methods

RCT. Double-blind

Participants

N =566. AS patients had active disease based on BASDAI VAS>=30; morning stiffness visual analogue
scale (VAS)>=30; VAS>=30 for 2 of the following:patient global assessment of disease activity, pain,
BASFI, and be a candidate for sulphasalazine or etanercept. All patients had failed >= 1 non-steroidal,
anti-inflammatory drug for >= 3 months

Exclusion: complete ankylosis of the spine; previous etanercept treatment; sulphasalazine treatment
within 6 months of screening

Mean age = 41 years; 74% male; average disease duration = 7.5 years

Interventions

Etanercept 50 mg once weekly (N =379). Sulfasalzine 3 g daily (N =187)

Outcomes Primary outcome: proportion of patients achieving ASAS20 at 16 weeks

Notes ASCEND (Ankylosing Spondylitis Study Comparing ENbrel with sulphasalazine Dosed Weekly)
(NCT00247962). Funding source:"Supported by Wyeth Pharmaceuticals, which was acquired by Pfizer
Inc. in October 2009"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computerized randomisation/enrolment system

tion (selection bias)

Allocation concealment Low risk Computerized randomisation/enrolment system

(selection bias)

Blinding of participants Low risk Double-blind; All patients treated with visually identical injections and tablets

and personnel (perfor-
mance bias)
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Braun 2011 (Continued)
Patient-assessed out-
comes

Blinding of participants
and personnel (perfor-
mance bias)
Physician-assessed out-
comes

Low risk

Double-blind; All patients treated with visually identical injections and tablets;
probably investigator blinded

Blinding of outcome as-
sessment (detection bias)
Patient-assessed out-
comes

Low risk

Double-blind; All patients treated with visually identical injections and tablets

Blinding of outcome as- Low risk Double-blind; All patients treated with visually identical injections and tablets;

sessment (detection bias) probably investigator blinded

Physician-assessed out-

comes

Incomplete outcome data  Low risk < 10% withdrawals in each group; reasons provided; modified intention-to-

(attrition bias) treat analysis reported

Efficacy outcomes

Incomplete outcome data  Low risk <10% withdrawals in each group; reasons provided; modified intention-to-

(attrition bias) treat analysis reported

Safety outcomes

Selective reporting (re- Low risk Assessment of SpondyloArthritis international Society (ASAS)-recommended

porting bias) outcomes reported

Method of adverse event Low risk Safety was assessed by noting the rate of reported AEs and performing rou-

monitoring tine physical examinations and laboratory tests. Data on the occurrence of AEs

Safety outcomes were collected at each study visit and via telephone contact with patients 15
days after the 16-week treatment period

'Serious adverse event' Unclear risk Not reported

definitions provided?
Safety outcomes

Calin 2004

Methods

Multicenter, randomized, placebo-controlled trial

Participants

N =45 etanercept; N = 39 placebo

Age (mean, years): Treatment group - 45; Control group - 41

% male: Treatment group - 80%; Control group - 77%

% white: Treatment group - 93%; Control group - 95%

Disease duration (years): Treatment group - 15; Control group -10

Patients fulfilled the modified NY criteria for AS and had active disease defined by score >=30 on vi-
sual analogue scale 0-100 for spinal inflammation and a score of >= 30 on at least 2 of the 3 domains:
back pain, patient global assessment and physical function. Patients were excluded if they had com-
plete ankylosis (fusion) of the spine; previously used TNFa inhibitors, including etanercept; used dis-
ease-modifying anti-rheumatic drugs other than hydroxychloroquine, sulphasalazine, or methotrex-
ate within 4 weeks of baseline; used multiple non-steroidal anti-inflammatory drugs (NSAIDs); used >
10 mg prednisone daily; or changed doses of NSAIDs or prednisone within 2 weeks of baseline. Patients
were permitted to continue prestudy physiotherapy
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Calin 2004 (continued)

Interventions

Etanercept 25 mg twice weekly subcutaneously vs placebo for 12 weeks

Outcomes Primary: ASAS20 by week 12. Others: BASDAI, BASFI, ASAS50, ASAS70, spinal inflammation, nocturnal
and total pain, spinal mobility, serum C-reactive protein (CRP) level, erythrocyte sedimentation rate
(ESR), adverse events

Notes NCT00421915. "Trial was funded by Wyeth Research"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No details provided on sequence generation

tion (selection bias)

Allocation concealment Unclear risk No details provided on allocation concealment

(selection bias)

Blinding of participants Low risk "To preserve the integrity of the blind study, placebo and etanercept supplies

and personnel (perfor-
mance bias)
Patient-assessed out-
comes

were similar in appearance"

Blinding of participants
and personnel (perfor-
mance bias)
Physician-assessed out-
comes

Unclear risk No details provided other than 'double-blind’

Blinding of outcome as-
sessment (detection bias)
Patient-assessed out-
comes

Low risk "To preserve the integrity of the blind study, placebo and etanercept supplies
were similar in appearance"

Blinding of outcome as- Unclear risk No details provided other than 'double-blind'

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Low risk Reasons for withdrawal reported. Follow-up was greater than 80%. "Disease

(attrition bias)
Efficacy outcomes

activity and safety analyses were based on the intention to treat population
and included all patients who received at least one dose of the “blinded” test
article. The last observation carried forward technique was used to handle
missing data for continuous and ordinal end points"

Incomplete outcome data
(attrition bias)
Safety outcomes

Low risk Reasons for withdrawal reported. Follow-up was greater than 80%. "Disease
activity and safety analyses were based on the intention to treat population
and included all patients who received at least one dose of the “blinded” test
article. The last observation carried forward technique was used to handle
missing data for continuous and ordinal end points"

Selective reporting (re-
porting bias)

Low risk Assessment of SpondyloArthritis international Society (ASAS)-recommend-
ed outcomes reported. "The primary efficacy end point was the percentage of
ASAS 20 responders after 12 weeks of treatment”

Method of adverse event
monitoring

Low risk "Patients were monitored for adverse events and abnormal laboratory tests"
over the course of the study
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Safety outcomes

'Serious adverse event'
definitions provided?
Safety outcomes

Unclear risk Serious adverse event definition not provided

Davis 2003

Methods

Multicenter, randomized, placebo-controlled trial

Participants

N =138 etanercept; N = 139 placebo

Age (mean, years): Treatment group - 42; Control group - 42

% male: Treatment group - 76%; Control group - 76%

% white: Treatment group - 94%; Control group - 91%

Disease duration (years): Treatment group - 10; Control group -10

Patients fulfilled the modified NY criteria for AS and had active disease defined by score >=30 on visu-
al analogue scale 0-100 for morning stiffness and a score of >= 30 on at least 2 of the 3 domains: back
pain, patient global assessment and BASFI. Patients were excluded if they had complete ankylosis (fu-
sion) of the spine based on radiographic assessment; previously used TNFa inhibitors, had a serious
infection (requiring hospitalizations or IV antibiotics) within 4 weeks of screening or were pregnant.
Patients were allowed to continue receiving hydroxychloroquine, sulphasalazine, or methotrexate at
stable doses during the study but were excluded if they had received any other disease-modifying, an-
ti-rheumatic drug within 4 weeks of baseline. Also allowed to continue on stable non-steroidal, anti-in-
flammatory drug, prednisone, and analgesics

Interventions

Etanercept 25 mg twice weekly subcutaneously vs placebo for 24 weeks

Outcomes Primary: ASAS20 by week 12 and 24. Others: ASAS50, ASAS70, partial remission (defined as value <20
mm (0-100mm scale) in each of 4 ASAS domains (patient global assessment, pain, BASFI, inflamma-
tion)). BASDAI, spinal mobility, peripheral joint count, serum C-reactive protein (CRP) level, erythrocyte
sedimentation rate (ESR), assessor global assessment, adverse events

Notes "Supported by Immunex Corporation"

NCT00356356 for long-term extension
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Patients, investigators, assessors, other study site personnel, and representa-

tion (selection bias) tives of the sponsor were blinded to the randomisation schedule and to treat-
ment assignment until completion of the trial"

Allocation concealment Low risk "Patients, investigators, assessors, other study site personnel, and representa-

(selection bias) tives of the sponsor were blinded to the randomisation schedule and to treat-
ment assignment until completion of the trial"

Blinding of participants Low risk "Patients, investigators, assessors, other study site personnel, and representa-

and personnel (perfor- tives of the sponsor were blinded to the randomisation schedule and to treat-

mance bias) ment assignment until completion of the trial"

Patient-assessed out-

comes
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Davis 2003 (Continued)

Blinding of participants Low risk "Patients, investigators, assessors, other study site personnel, and representa-
and personnel (perfor- tives of the sponsor were blinded to the randomisation schedule and to treat-
mance bias) ment assignment until completion of the trial"

Physician-assessed out-

comes

Blinding of outcome as- Low risk "Patients, investigators, assessors, other study site personnel, and representa-
sessment (detection bias) tives of the sponsor were blinded to the randomisation schedule and to treat-
Patient-assessed out- ment assignment until completion of the trial"

comes

Blinding of outcome as- Low risk "Patients, investigators, assessors, other study site personnel, and representa-
sessment (detection bias) tives of the sponsor were blinded to the randomisation schedule and to treat-
Physician-assessed out- ment assignment until completion of the trial"

comes

Incomplete outcome data  Low risk Completed study: 86% in placebo and 91% in treatment; 1 loss to follow-up in
(attrition bias) placebo and 2 loss to follow-up in treatment. Last observation carried forward
Efficacy outcomes (LOCF) used for missing data

Incomplete outcome data  Low risk Completed study: 86% in placebo and 91% in treatment; 1 loss to follow-up in
(attrition bias) placebo and 2 loss to follow-up in treatment. LOCF used for missing data
Safety outcomes

Selective reporting (re- Low risk ASAS20 was primary outcome; not stated that it was prespecified in the proto-
porting bias) col, but it is an appropriate outcome

Method of adverse event Low risk Patients used a diary to record presence of adverse events

monitoring

Safety outcomes

'Serious adverse event' Low risk Adverse events graded on a scale derived from the National Cancer Institute

definitions provided?
Safety outcomes

Common Toxicity criteria

Dougados 2011

Methods

12-week randomized double-blind placebo-controlled multicenter study conducted in 21 centers in
four European countries (France, Germany, The Netherlands and Hungary)

Participants

Etanercept (N =39) Placebo (N =43)
Inclusion criteria was patients with advanced and active ankylosing spondylitis

Age (mean, years): Treatment group - 46; Control group - 48
% male: Treatment group - 95%; Control group - 91%
Disease duration (years): Treatment group - 19; Control group -23

Inclusion criteria: Men and women aged 18-70 years were eligible if they had a current diagnosis of
ankylosing spondylitis as defined by the modified New York criteria. Advanced ankylosing spondylitis
and severe spinal ankylosis defined by having one of the following three criteria: (1) two intervertebral
adjacent bridges and/or fusion at the lumbar spine; (2) three intervertebral adjacent bridges and/or fu-
sion at the thoracic spine; or (3) two intervertebral adjacent bridges and/or fusion at the cervical spine.
As well:

- radiologic evidence of spine and hip
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- baseline pain with axial involvement of the overall level of ankylosing spondylitis neck, back or hip for
a score 2 30 on a 0-100 mm visual analogue scale (VAS). patients had to have an active refractory dis-
ease defined by a score 2 40 on the BASDAI (0-100) despite optimal non-steroidal, antif-inflammatory
drug treatment

Interventions

Etanercept 50 mg subcutaneous injection once weekly, with placebo (1:1 ratio)

Outcomes The primary end point was the normalized net incremental area under the curve in the BASDAI be-
tween randomisation (baseline) and week 12 and was calculated as the area between baseline and the
patient global assessment curve as a function of time, using the linear trapezoidal method, divided by
the number of days the patient remained in the study
Secondary outcomes: ASAS20, ASAS40, ASAS5/6, ASAS partial remission, and improvement in BASDAI
of at least 50% (BASDAI50), improvement in Ankylosing Spondylitis-Disease Activity State (AS-DAS) and
AS-DAS status, BASFI, BASMI, Minimum Clinically Important Improvement (MCII) and Patient Accept-
able Symptom State (PASS)

Notes NCT00420238; "This study was sponsored by Wyeth Pharmaceuticals (Wyeth was acquired
by Pfizer in October 2009)"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk "Randomised double-blind", no further details provided

tion (selection bias)

Allocation concealment Unclear risk "Randomised double-blind", no further details provided

(selection bias)

Blinding of participants Low risk "Matching placebo"

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Matching placebo" ; unclear if investigators were properly blinded and no de-

and personnel (perfor- tails provided on allocation concealment

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk "Matching placebo"

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Matching placebo" ; unclear if investigators were properly blinded and no de-

sessment (detection bias) tails provided on allocation concealment

Physician-assessed out-

comes

Incomplete outcome data  Low risk < 10% drop out rate; Intention-to-treat analysis conducted

(attrition bias)

Efficacy outcomes

Incomplete outcome data  Low risk < 10% drop out rate; Intention-to-treat analysis conducted

(attrition bias)

Safety outcomes
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Selective reporting (re- Low risk Important Assessment of SpondyloArthritis international Society (ASAS)-rec-
porting bias) ommended outcomes reported

Method of adverse event Unclear risk Not provided

monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not provided

definitions provided?
Safety outcomes

Giardina 2009

Methods

"Two year randomized study"

Participants

N =25 (abstract had N = 26) etanercept; N = 25 (abstract had N = 24) infliximab
Inclusion criteria: active disease for > 3 months; BASDAI > 4; visual analogue scale for spinal pain > 4

Age (mean, years): Etanercept group - 32.6 SD 6.8; Infliximab group - 31.9 SD 9.2
% male: Etanercept group - 80%; Infliximab group - 76%
Disease duration (years): Etanercept group - 15.7 SD 6.5; Infliximab group -15.4 SD 10.6

Interventions

Etanercept 25 mg twice weekly or 5 mg/kg infliximab at week 0, 2, 6, and then every 6 weeks for a peri-
od of 102 weeks

Outcomes In the abstract, the primary outcome was stated to be the proportion of patients achieving a 50% BAS-
DAl response at week 102; Secondary: ASAS50; BASFI, back pain, morning stiffness, C-reactive protein
(CRP), spinal mobility. However, in the full-text article, the outcome defined as primary is not stated,
and the 50% BASDAI response is not reported. ASAS20 and 40, BASDAI, BASFI and adverse events were
reported.

Notes Reported as a full-text and an abstract from a conference. Funding source not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk "Patients were randomised to receive alternatively etanercept or

tion (selection bias) inXiximab with a ratio of 1:1"

Allocation concealment Unclear risk No details on concealment of allocation

(selection bias)

Blinding of participants High risk "Open-label"

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants High risk "Open-label"

and personnel (perfor-
mance bias)
Physician-assessed out-
comes
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Blinding of outcome as- High risk "Open-label"

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- High risk "Open-label"

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Low risk "No patients discontinued therapy"

(attrition bias)

Efficacy outcomes

Incomplete outcome data  Low risk "No patients discontinued therapy"

(attrition bias)

Safety outcomes

Selective reporting (re- High risk Primary outcome listed in abstract: proportion of people achieving a 50% re-

porting bias) sponse in BASDAI; full-text article does not state the primary outcome, but
50% BASDAI response not reported

Method of adverse event Low risk Patients were monitored for adverse events and abnormal lab values over the

monitoring course of the study

Safety outcomes

'Serious adverse event' Unclear risk No serious adverse event definition given

definitions provided?
Safety outcomes

Gorman 2002

Methods

Randomized, placebo-controlled trial

Participants

N =20 (etanercept); N = 20 (placebo)

Age (median, years): Treatment group - 38; Control group - 39

% male: Treatment group - 65%; Control group - 90%

% white: Treatment group - 75%; Control group - 70%

Disease duration (years): Treatment group - 15; Control group -12

Patients >= 18 years of age and classified as having definite ankylosing spondylitis based on the modi-
fied New York criteria. Active spondylitis was defined as the presence of inflammatory back pain (stiff-
ness and pain that worsened with rest and improved with exercise), morning stiffness for at least 45
minutes, and at least moderate disease activity as assessed by the patient and the physician. The pa-
tient’s global assessment of disease activity was based on a five-point scale (1, none; 2, mild; 3, mod-
erate; 4, severe; and 5, very severe). The physician’s assessment was measured with the use of a visual
analogue scale (0 mm absence of disease activity and 100 mm very severe activity); a moderate or high-
er level of disease activity was defined by the placement of a vertical line at 40 mm or higher.

Patients were excluded if they had a spondylitis other than ankylosing spondylitis, clinical or radi-
ographic evidence of complete spinal ankylosis, a history of recurrent infections or cancer, or a serious
liver, renal, hematologic, or neurologic disorder.

Patients continued to take drugs that had already been prescribed for ankylosing spondylitis if the dos-
es had not been changed for at least four weeks before randomisation and if they remained unchanged
throughout the trial. Acceptable medications included non-steroidal anti-inflammatory drugs,oral cor-
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ticosteroids (« 10 mg per day), gold injections (<50 mg per month), methotrexate («20 mg per week),
and sulphasalazine(« 3 g per day)

Interventions

Twice-weekly subcutaneous injections of etanercept (25 mg) versus placebo for four months

Outcomes Primary: ASAS20
Secondary outcomes: physician’s global assessment of disease activity, measures of spinal mobility,
the scores for enthesitis and peripheral-joint tenderness, erythrocyte sedimentation rate, C-reactive
protein, adverse events

Notes NCT00000433. "The majority of funding for the study was provided by the National Institute of Arthritis
and Musculoskeletal and Skin Diseases. Immunex, the pharmaceutical funding source, supplied etan-
ercept and placebo and provided partial funding. Immunex was not involved in the study design, data
collection, statistical analysis, or manuscript preparation; these tasks were performed by the authors"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "A statistician not otherwise involved with the study randomly assigned pa-

tion (selection bias) tients to the study groups, using computer-generated, random blocks of two

and four"
Allocation concealment Low risk "Cards with the group assignments were placed in sequentially numbered en-
(selection bias) velopes that were opened by the study pharmacist as each patient was en-
rolled"

Blinding of participants Low risk "The patients and study investigators were unaware of the group assign-

and personnel (perfor- ments"

mance bias)

Patient-assessed out-

comes

Blinding of participants Low risk "The patients and study investigators were unaware of the group assign-

and personnel (perfor- ments"

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk "The patients and study investigators were unaware of the group assign-

sessment (detection bias) ments"

Patient-assessed out-

comes

Blinding of outcome as- Low risk "The patients and study investigators were unaware of the group assign-

sessment (detection bias) ments"

Physician-assessed out-

comes

Incomplete outcome data  Low risk Reasons for withdrawal were provided. Follow-up was greater than 80% in

(attrition bias) both groups. Intention-to-treat analyses were performed

Efficacy outcomes

Incomplete outcome data  Low risk Reasons for withdrawal were provided. Follow-up was greater than 80% in

(attrition bias) both groups

Safety outcomes

Selective reporting (re- Low risk "The primary outcome measure was a prespecified, composite treatment re-

porting bias)

sponse, defined as 20 percent or greater improvement in at least three of five
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measures of disease activity, as recommended by the ASsessments in Ankylos-
ing Spondylitis Working Group". Corresponds to the protocol on clinicaltrial-

s.gov.
Method of adverse event Low risk "Side effects monitored at each clinic visit by means of open ended ques-
monitoring tions..."

Safety outcomes

'Serious adverse event' Low risk Adverse events graded on a scale derived from the National Cancer Institute

definitions provided?
Safety outcomes

Common Toxicity criteria

Hu 2012

Methods

This was a randomized, double-blind, placebo-controlled study

Participants

Patients were adults (18 and 65 years) diagnosed as having AS defined by the modified New York crite-
ria who had been treated unsuccessfully (nonresponsive or lack of tolerance) with = 1 non-steroidal an-
ti-inflammatory drug (NSAIDs). Active ankylosing spondylitis at baseline was defined by fulfilment of

at least two of the following three criteria: a BASDAI score = 4, total back pain visual analog scale score
> 40, or morning stiffness of = 1 h in duration. Patients could continue taking sulphasalazine (=3 g/
day), methotrexate ( < 25 mg/week), prednisone and/or prednisone equivalents ( < 10 mg/day), and/or
NSAIDs as long as these doses had remained stable for 4 weeks before

Interventions

40 mg adalimumab (n =26) or placebo (n = 20) every other week during an initial 12-week double-blind
period, and all switched to adalimumab treatment for another 12 weeks

Outcomes "Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Function
Index (BASFI), C-reactive protein (CRP), Ankylosing Spondylitis Disease Activity Scores (ASDAS) and
serum DKK-1 levels were measured and magnetic resonance imaging (MRI) of both the lumbar spine
and sacroiliac joints were obtained at baseline, week 12 and week 24. Spinal and sacroiliac joint inflam-
mations were evaluated using the Spondyloarthritis Research Consortium of Canada (SPARCC) MRl in-
dex, and fatty deposition lesions (FDL) were assessed in a dichotomous manner"

Notes No source of funding reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk "Randomized, double-blind, placebo-controlled comparison..." No further de-

tion (selection bias) tails provided

Allocation concealment Unclear risk "Randomized, double-blind, placebo-controlled comparison..." No further de-

(selection bias) tails provided

Blinding of participants Unclear risk "Randomized, double-blind, placebo-controlled comparison..."No further de-

and personnel (perfor- tails provided

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Randomized, double-blind, placebo-controlled comparison..." No further de-

and personnel (perfor- tails provided

mance bias)
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Hu 2012 (Continued)
Physician-assessed out-
comes

Blinding of outcome as- Unclear risk "Randomized, double-blind, placebo-controlled comparison..."No further de-

sessment (detection bias) tails provided

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Randomized, double-blind, placebo-controlled comparison..." "Each image

sessment (detection bias) was rated by two independent readers (XHD and ZYH) who were blinded to the

Physician-assessed out- patients’ identities," Unclear if readers were blinded to the treatment group

comes assignment

Incomplete outcome data  Unclear risk No details provided on number of patients completing the trial

(attrition bias)

Efficacy outcomes

Incomplete outcome data  Unclear risk No details provided on number of patients completing the trial

(attrition bias)

Safety outcomes

Selective reporting (re- High risk While some recommended efficacy outcomes were reported (e.g. BASDAI,

porting bias) BASFI, ASDAS), no adverse outcomes were reported. No primary outcome stat-
ed

Method of adverse event Unclear risk No adverse event data reported

monitoring

Safety outcomes

'Serious adverse event' Unclear risk No adverse event data reported

definitions provided?
Safety outcomes

Huang 2008

Methods

Randomized, double-blind, placebo-controlled study for 6 weeks with 6 week open label afterwards

Participants

N =74 etanercept; N = 78 placebo. Adult patients with ankylosing spondylitis

Interventions

Etanercept 50 mg once weekly for 6 weeks or placebo subcutaneously. Patients receiving hydrochloro-
quine, sulphasalazine, or methotrexate at screening continued on the medication

Outcomes Primary endpoint: ASAS20 week 6. Secondary ASAS40, ASAS5/6, adverse events
Notes Abstract from conference proceeding. Funding source not reported. NCT00434044
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)
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Huang 2008 (continued)

Blinding of participants
and personnel (perfor-
mance bias)
Patient-assessed out-
comes

Unclear risk "Double blind"

Blinding of participants
and personnel (perfor-
mance bias)
Physician-assessed out-
comes

Unclear risk "Double blind"

Blinding of outcome as-
sessment (detection bias)
Patient-assessed out-
comes

Unclear risk "Double blind"

Blinding of outcome as-
sessment (detection bias)
Physician-assessed out-
comes

Unclear risk "Double blind"

Incomplete outcome data
(attrition bias)
Efficacy outcomes

Unclear risk 2/152 withdrew, no group or reason given

Incomplete outcome data
(attrition bias)
Safety outcomes

Unclear risk 2/152 withdrew, no group or reason given

Selective reporting (re-
porting bias)

Low risk Primary outcome ASAS20 reported and appropriate

Method of adverse event
monitoring
Safety outcomes

n

Low risk "Safety evaluation included adverse event and routine lab monitoring

'Serious adverse event'
definitions provided?
Safety outcomes

Unclear risk No serious adverse event definition provided

Huang 2014

Methods

Placebo-controlled, double-blind, randomized, phase Il trial conducted between January 2010 and
February 2011 at nine study sites in the People’s Republic of China. 12-week double-blind phase was
followed by a 12-week open-label phase, during which all patients received open-label adalimumab 40
mg every other week.

Participants

344 patients ; N = 115 placebo; N =229 adalimumab

Age (mean (standard deviation (SD), years): Treatment group - 30.1 (8.7); Control group - 29.6 (7.5)
N (%) male: Treatment group - 185 (80.8); Control group - 95 (82.6)

Ethnicity: Chinese

Duration of AS symptoms (mean (SD), years): Treatment group - 8.1 (6.0); Control group -7.7 (4.7)
Duration since AS diagnosis, mean (SD), years: Treatment group 3.0 (3.2) ; Control group 3.0 (3.8)
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Huang 2014 (continued)

Inclusion criteria: Adults (18 to 65 years) fulfilling modified New York Criteria for ankylosing spondyli-
tis, active disease (as defined by >= 2 of the following: BASDAI >= 4; total back pain on a visual analogue
scale (VAS) >= 4 cm; and >= 1 hour of morning stiffness; and had an inadequate response or were intol-
erant to >=1 non-steroidal anti-inflammatory drug (NSAID).

Exclusion: Patients with latent or active tuberculosis; total spinal ankylosis; unstable extra-articular
manifestations (e.g. psoriasis, uveitis, inflammatory bowel disease); surgery involving the spine or
joints within the previous 2 months; intra-articular or spinal/paraspinal corticosteroid injections with-
in the previous 28 days; positive serology for HIV antibody, hepatitis B surface antibody or hepatitis C
virus antibody; recent

infection requiring anti-infectives; listeriosis; histoplasmosis; immunodeficiency syndrome; or chronic
recurring infections. Patients with moderate to severe congestive heart failure, recent cerebrovascular
accident, central nervous system demyelinating disease, or history of malignancy (except for success-
fully treated non-metastatic non-melanoma skin cancer or localized cervical carcinoma in situ) were al-
so excluded.

Prior exposure to TNF inhibitors, natalizumab or efalizumab at any time, or use of traditional Chinese
medicines within 28 days of baseline was not allowed

Interventions

Adalimumab 40 mg or matching placebo subcutaneously every other week (EOW)

Concomitant use of methotrexate (<= 25 mg/week), sulphasalazine (<= 3 g/day), prednisone (<= 10 mg/
day), NSAIDs and/or analgesics was allowed but dose adjustments, induction and/or discontinuation of
these therapies were only permitted during the open-label period. Other pharmacological therapies for
ankylosing spondylitis except for those listed above could not be initiated at any time during the study

Outcomes The primary efficacy endpoint was the percentage of patients achieving the ASAS20 response criteria
at week 12. Secondary endpoints were ASAS40 and ASAS5/6 response, ASAS partial remission; BAS-
DAI50; Ankylosing Spondylitis Disease Activity Score (ASDAS); disease activity, pain and spinal mobil-
ity by measuring changes from baseline in patient global assessment (VAS), total back pain (VAS), in-
flammation/morning stiffness,BASDAI, physician’s global assessment of disease activity (VAS),noctur-
nal pain (VAS), patient’s global assessment of pain (VAS), tender joint count, swollen joint count, Maas-
tricht AS Enthesitis Score (MASES), BASMI-linear and chest expansion. All measures recorded on a VAS
were reported on a 0-10 cm scale. Health-related quality of life, physical function and work productivi-
ty measures included the Health Assessment Questionnaire modified for spondyloarthropathies (HAQ-
S), 36-Item Short-Form Health Survey, V.2 (SF-36v2), BASFI, Bath AS Patient Global Index (BAS-G) and
Work Productivity and Activity Impairment-Specific Health Problem Questionnaire (WPAI-SHP)
Note: BASFI was measured on a 0-100 scale as per the result on clinicaltrials.gov. Converted to 0-10
scale for meta-analysis

Notes (NCT01114880). "This study was sponsored by AbbVie". FH is a consultant and has served on speakers
bureaus for AbbVie China. Data extracted for efficacy from 12-week placebo-controlled phase

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Participants were centrally randomised using an interactive voice response or

tion (selection bias) web-based system in a 2:1 ratio"

Allocation concealment Low risk "Participants were centrally randomised using an interactive voice response or

(selection bias) web-based system in a 2:1 ratio"

Blinding of participants Low risk "Study overseers, investigators, study site personnel and patients remained

and personnel (perfor- blinded to treatment during this phase, which was followed by a 12-week

mance bias) open-label phase, during which all patients received open-label adalimumab

Patient-assessed out- 40 mg EOW"

comes
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Huang 2014 (continued)

Blinding of participants Low risk "Study overseers, investigators, study site personnel and patients remained

and personnel (perfor- blinded to treatment during this phase, which was followed by a 12-week

mance bias) open-label phase, during which all patients received open-label adalimumab

Physician-assessed out- 40 mg EOW"

comes

Blinding of outcome as- Low risk "Study overseers, investigators, study site personnel and patients remained

sessment (detection bias) blinded to treatment during this phase, which was followed by a 12-week

Patient-assessed out- open-label phase, during which all patients received open-label adalimumab

comes 40 mg EOW"

Blinding of outcome as- Low risk "Study overseers, investigators, study site personnel and patients remained

sessment (detection bias) blinded to treatment during this phase, which was followed by a 12-week

Physician-assessed out- open-label phase, during which all patients received open-label adalimumab

comes 40 mg EOW"

Incomplete outcome data  Low risk Completer of 12 week double-blind period: 113/115 placebo; 224/229 adali-

(attrition bias) mumab; Intention-to-treat analysis

Efficacy outcomes

Incomplete outcome data Low risk Completer of 12 week double-blind period: 113/115 placebo; 224/229 adali-

(attrition bias) mumab; Intention-to-treat analysis

Safety outcomes

Selective reporting (re- Low risk Same primary outcome as listed on clinicaltrials.gov. Assessment of Spondy-

porting bias) loArthritis international Society (ASAS)-recommended outcomes reported

Method of adverse event Unclear risk "Safety evaluations were conducted at every study visit and included adverse

monitoring event (AE) monitoring and assessments of clinical laboratory and vital signs."-

Safety outcomes from published article. "Events were collected by non-systematic assessment"
- from clinicaltrials.gov

'Serious adverse event' Unclear risk Not provided

definitions provided?
Safety outcomes

Inman 2008

Methods

24-week, double-blind, placebo-controlled study

Participants

Placebo (N =78) Golimumab 50 mg (N = 138) Golimumab 100 mg (N = 140)

Age (median (interquartile range, years) 41.0 (31.0-50.0) 38.0 (30.0-47.0) 38.0 (29.0-46.0)
Male, No (%) 55 (70.5) 102 (73.9) 98 (70.0)
White, No (%) 57 (73.1) 103 (74.6) 102 (72.9)

Years since symptoms occurred, median (interquartile range) 16 (5-25) 11( 6-18) 9.5 (14-18)

Inclusion criteria: Adult patients who had AS (diagnosed according to the modified New York Criteria
for 3 months before the first administration of the study agent, a Bath AS Disease Activity Index (BAS-
DAI) score of 4 (0-10-point scale), a spinal pain assessment score of 4 on a visual analogue scale (VAS);
0-10-cm scale), and an inadequate response to current or previous non-steroidal anti-inflammatory
drugs (NSAIDs) or disease-modifying anti-rheumatic drugs (DMARDs). Failure to DMARDs for at least

3 months. Normal chest radiograph within 3 months before randomisation and to have undergone
screening for latent tuberculosis (TB)

TNF-alpha inhibitors for ankylosing spondylitis (Review)
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Inman 2008 (Continued)

Exclusion criteria: any of the following: complete ankylosis of the spine, any other inflammatory
rheumatic disease, a serious infection within 2 months before randomisation, active or latent TB or
positive results of a tuberculin skin test before screening or recent contact with a person with active
TB, an opportunistic infection within 6 months of screening, hepatitis, human immunodeficiency virus,
a transplanted organ, malignancy, multiple sclerosis, or congestive heart failure

Interventions

3-arm study. Patients were randomly assigned in a 1:1.8:1.8 ratio to receive placebo or golimumab at a
dose of 50 mg or 100 mg every 4 weeks.

Patients were allowed to continue concurrent treatment with methotrexate (MTX), sulphasalazine, hy-
droxychloroquine,
corticosteroids, and NSAIDs at stable doses during the study.

At week 16 there was an early-escape option for those patients who had not responded.

Note -only extracted 50 mg data (100 mg only indicated for patients > 100 kg and who fail to achieve re-
sponse to 50mg - not many in the trial and not standard dose) at week 14

Outcomes The primary end point was the proportion of patients who achieved ASAS20 at week 14. Secondary end
points included ASAS40, ASAS partial remission, ASAS5/6. Disease activity was evaluated using the BAS-
DAI, the back pain VAS, the night pain VAS, the patient’s global assessment, and the C-reactive protein
level. Physical function was evaluated using the BASFI. Range of motion was assessed using the BASMI
(3-point scale), and chest expansion. Health-related quality of life was measured using the Short Form
36 (SF-36) Health Survey. Sleep disturbance was assessed using the Jenkins Sleep Evaluation Question-
naire(JSEQ). Presence of antibodies to golimumab

Notes NCT00265083. Supported by Centocor Research and Development, Inc. and the Schering-Plough Re-
search Institute, Inc

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "An interactive voice-response system with adaptive treatment allocation was

tion (selection bias) used to assign patients to treatment"

Allocation concealment Low risk "An interactive voice-response system with adaptive treatment allocation was

(selection bias) used to assign patients to treatment"

Blinding of participants Low risk "To maintain blinding, patients in the 50-mg group received active golimum-

and personnel (perfor- ab in the 0.5-ml syringe and placebo in the 1.0-ml syringe; patients in the 100-

mance bias) mg group received placebo in the 0.5-ml syringe and active golimumab in the

Patient-assessed out- 1.0-ml syringe; and patients in the placebo group received placebo in both sy-

comes ringes"

Blinding of participants Low risk Matching placebo and adequate allocation concealment; investigators proba-

and personnel (perfor- bly blinded adequately

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk "To maintain blinding, patients in the 50-mg group received active golimum-

sessment (detection bias) abin the 0.5-ml syringe and placebo in the 1.0-ml syringe; patients in the 100-

Patient-assessed out- mg group received placebo in the 0.5-ml syringe and active golimumab in the

comes 1.0-ml syringe; and patients in the placebo group received placebo in both sy-

ringes"
Blinding of outcome as- Low risk matching placebo and adequate allocation concealment; investigators proba-
sessment (detection bias) bly blinded adequately
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Inman 2008 (Continued)
Physician-assessed out-
comes

Incomplete outcome data  Low risk < 10% withdrawal; participants who entered early escape option were consid-
(attrition bias) ered non-responders at week 24; "data from all randomized patients were an-
Efficacy outcomes alyzed according to their assigned treatment group"

Incomplete outcome data  Low risk <10% withdrawal;all participants who received study drug were assessed in
(attrition bias) the safety analyses ; "data from all randomized patients were analyzed accord-
Safety outcomes ing to their assigned treatment group"

Selective reporting (re- Low risk Outcomes recommended by Assessment of SpondyloArthritis international
porting bias) Society (ASAS) were reported

Method of adverse event Unclear risk Not reported

monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not reported

definitions provided?
Safety outcomes

Inman 2010

Methods

Randomized, double-blind, placebo-controlled, multi-center trial

Participants

N =76; N =39 infliximab, N = 37 placebo Note: one abstract assessing spinal inflammation with magnet-
ic resonance imaging (MRI) indicates N=32 (16 infliximab and 16 placebo). The study protocol from clin-
icaltrials.gov indicates the study is complete and the sample is 76 participants

Age (mean, years): Treatment group - 42.9 (10.4); Control group - 39.3 (9)

% male: Treatment group - 82%; Control group - 78%

% white: Treatment group - 87%; Control group - 89%

Disease duration (years): Treatment group - 11.7 (10.6); Control group -11.1 (10.3)

Positive for HLA-B27: infliximab = 72%; placebo = 73%
Inclusion: Adults (> 18 years) with active ankylosing spondylitis (BASDAI >= 4)

In those patients taking non-steroidal anti-inflammatory drugs (NSAIDs), disease-modifying an-
ti-rheumatic drugs (DMARDs), analgesics, or corticosteroids, the dose must have been stable for at least
14 days (30 days for DMARD) prior to the first infusion of study drug. Patients were excluded from the
study if they had a history of chronic/recurrent infectious disease, including tuberculosis, hepatitis B,
or HIV, and/or a diagnosis of malignancy or lymphoproliferative disease currently or within the past 5
years

Interventions

Infliximab (IFX) 3 mg/kg or placebo intravenously at weeks 0, 2, and 6. An open-label phase followed af-
ter week 12 which lasted 46 weeks and the placebo group crossed over to receive infusions of IFX 3 mg/
kg at Weeks 14, 16, and 22, and every 8 weeks thereafter. "All patients could receive dose-escalation of
IFX to 5 mg/kg at Weeks 22 or 38 if the patient had an absolute BASDAI score > 3 and a relative decrease
of <50% in BASDAI from baseline". Follow-up was for 52 weeks

Outcomes Primary outcome listed in study protocol was ASAS 20 at week 12. Other clinical outcomes in the proto-
col: BASDAI, BASFI, BASGI, BASMI, ASAS 40/50/70 and ASAS 5/6 and MRI at week 12 were reported in the
abstracts (though the number of participants is unclear)

Notes NCT00202865. Study known as "CANaDian evaluation of Low DosE infliximab (CANDLE)."
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Inman 2010 (Continued)

Reported in one full-text article and 3 abstracts from conferences.

"Supported by Schering-Plough, Canada"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk "Double-blind"; no further details reported

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Double-blind"; no further details reported

and personnel (perfor-

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind"; no further details reported

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind"; no further details reported

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Low risk Fig.1 shows the details of patient flow throughout the study. The number of

(attrition bias) people completing the study at week 12 (RCT phase) was not clearly reported,

Efficacy outcomes but the number of drop outs was low. ITT analysis performed, defined as those
who received one dose of the study drug

Incomplete outcome data  High risk Safety outcomes reported for the combined RCT and open-label phase; not for

(attrition bias) RCT phase separately

Safety outcomes

Selective reporting (re- Unclear risk Harms data for RCT phase not reported separately

porting bias)

Method of adverse event Low risk "Safety and tolerability were assessed by the incidence of treatment emergent

monitoring adverse events"

Safety outcomes

'Serious adverse event' Low risk All adverse events were coded using the MedDRA dictionary of terms (version

definitions provided?
Safety outcomes

9.0)
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Lambert 2007

Methods Randomized, multicenter, double-blind, placebo-controlled study

Participants N =38 adalimumab, N =44 placebo

Age (mean (SD), years): Treatment group - 41.9(11.1); Control group - 40 (10.9)
% male: Treatment group - 76.3%; Control group - 81.8%
% white: Treatment group - not reported

Disease duration (years (SD)): Treatment group - 14.5 (9); Control group -12.1 (8.7)

Inclusion:Patients were adults (18 years of age) diagnosed as having ankylosing spondylitis as defined
by the modified New York criteria, who had been treated unsuccessfully (nonresponse or lack of toler-
ance) with 1 non-steroidal anti-inflammatory drug (NSAIDs). Patients who had failed to respond to 1
disease-modifying anti-rheumatic drug (DMARD) (e.g., methotrexate,sulphasalazine) were also allowed
to enrol. Active ankylosing spondylitis at baseline was defined by fulfilment of 2 of the following 3 crite-
ria: a BASDAI score greater than or equal to 4, total back pain visual analog scale score greater than or
equal to 40, or morning stiffness of 1 hour in duration. Patients could continue taking sulphasalazine (3
g/day), methotrexate (25 mg/week), hydroxychloroquine (400 mg/day), prednisone and/or prednisone
equivalents (10 mg/day), and/or NSAIDs as long as these doses had remained stable for 4 weeks before
baseline

Interventions 40 mg adalimumab or placebo every other week for 24 weeks (double-blind phase) but an early escape
option to non-responders was available after week 12. Study visits occurred at baseline, week 2, week
4, every 4 weeks through week 24

Outcomes Primary endpoint was ASAS20 at 12 weeks but results were not provided in full-text Lambert article, but
were reported in a conference abstract (Maksymowych 2005)

Secondary outcomes of MRI of spine and Sl joints scored using SPARCC methodology at week 12 were
reported in Lambert2007. Another publication from this trial, Maksymowych 2008, which was focused
on biomarkers for structural damage, also reported BASDAI, total back pain, patient global, BASFI,
BASMI

Notes NCT00195819; M03-606 study group

"ROLE OF THE STUDY SPONSOR An advisory committee, including authors from academic institutions
and Abbott Laboratories, and members of the Abbott Laboratories clinical trial team designed the
study, which was conducted at 11 centers in Canada. Clinical data were collected and analyzed by Ab-
bott Laboratories. Data analyses were reviewed by members of the advisory committee. All authors re-
viewed and assisted in the manuscript preparation during its development, agreed to submit the man-
uscript, and approved the content of the submitted manuscript"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported
tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Trial protocol states "Double Blind (Subject, Investigator)" but no details pro-
and personnel (perfor- vided

mance bias)

Patient-assessed out-

comes
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Lambert 2007 (continued)

Blinding of participants Low risk "Readers were qualified, trained radiologists who were blinded to the patients'
and personnel (perfor- identities, treatments, and imaging time points"

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Unclear risk Trial protocol states "Double Blind (Subject, Investigator)" but no details pro-
sessment (detection bias) vided

Patient-assessed out-

comes

Blinding of outcome as- Low risk "Readers were qualified, trained radiologists who were blinded to the patients'
sessment (detection bias) identities, treatments, and imaging time points"

Physician-assessed out-

comes

Incomplete outcome data  Low risk "At baseline and week 12, all 44 patients in the placebo group and 38 in the
(attrition bias) adalimumab group had evaluable MRIs"

Efficacy outcomes

Incomplete outcome data  Unclear risk Safety data not reported in primary publication

(attrition bias)

Safety outcomes

Selective reporting (re- Unclear risk Primary outcome and adverse events reported only in abstract.

porting bias)

Method of adverse event Unclear risk Not reported

monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not reported

definitions provided?
Safety outcomes

Marzo-Ortega 2005

Methods

30 week, single-center, randomized, double-blind placebo controlled trial

Participants

N =28 infliximab + methotrexate (MTX), N = 14 placebo + MTX

Age (mean (range), years): Treatment group - 41 (28-74); Control group - 39 (30-56)
% male: Treatment group - 82%; Control group - 79%
% white: - not reported

Disease duration (median years (range)): Treatment group - 8 (0-41) ; Control group - 10 (0-35)

Inclusion: fulfil the modified New York criteria for ankylosing spondylitis,14 be older than 18 years of
age, and have active spinal disease. This was defined as persistent inflammatory back pain (defined as
3 cmor more on a 10 cm visual analogue scale (VAS)) and a raised inflammatory response in serum as
shown by a C reactive protein (CRP) value of more than 10 mg/L despite treatment with conventional
agents such as an optimal dose of non-steroidal anti-inflammatory drugs (NSAIDs) or disease-modify-
ing anti-rheumatic drugs (DMARDs)

Exclusion: any history of tuberculosis, active infection, demyelinating disease, previous lymphoprolif-
erative or malignant disorder, pregnancy, breast feeding, or uncontrolled concomitant disease in the
opinion of the investigator.
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Marzo-Ortega 2005 (Continued)

Interventions

Infusions of infliximab (5 mg/kg in 250 ml1 0.9% NaCl) + MTX or placebo + MTX. The infusion regimen was
weeks 0, 2, 6, 14, and 22. All subjects also received a dose of 7.5 mg with folic acid cover (5 mg twice a
week), which was eventually increased to 10 mg a week

Outcomes The primary outcome was evaluation of change in the BASDAI score at weeks 4, 10, and 30. Secondary
outcomes were ASAS 20 and BASDAI 50% response. Magnetic resonance imaging (MRI) also assessed

Notes This study was supported by a grant in aid from Schering-Plough, UK

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "A 2:1 randomisation list was generated by a statistician (who was unconnect-

tion (selection bias) ed with the final analysis of results)"

Allocation concealment Low risk "Study participants, clinical observers, and metrologists were unaware of the

(selection bias) randomisation code, which was kept in the hospital pharmacy"

Blinding of participants Unclear risk "Double-blind"

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Double-blind"

and personnel (perfor-

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind"

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind"

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Unclear risk 93% completed treatment, 64% completed in control group; an intention-to-

(attrition bias) treat analysis performed with last observation carried forward imputation for

Efficacy outcomes missing data

Incomplete outcome data  Unclear risk 93% completed treatment, 64% completed in control group; an intention-to-

(attrition bias) treat analysis performed with last observation carried forward imputation for

Safety outcomes missing data

Selective reporting (re- Low risk Appropriate outcomes measured

porting bias)

Method of adverse event Unclear risk Not reported

monitoring

Safety outcomes

'Serious adverse event' Unclear risk Not reported

definitions provided?
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Marzo-Ortega 2005 (Continued)
Safety outcomes

Navarro-Sarabia 2011

Methods

12-week double-blind, placebo-controlled randomized pilot study to evaluate the effect of etanercept
100 vs 50 mg/week to treat ankylosing spondylitis

Participants

N =54 etanercept 100 mg/week; N = 54 etancercept 50 mg/week

Age (mean (SD), years): Treatment group - 40.22 (10.36); Control group - 42.63 (10.66)

% male: Treatment group - 79.6%; Control group - 79.6%

% white: - not reported

Disease duration (years since diagnosis, mean years (standard deviation (SD)): Treatment group - 7.03
(6.83) ; Control group - 7.28 (7.06)

Inclusion criteria: Adult outpatients with ankylosing spondylitis diagnosis as defined by the modified
New York criteria for ankylosing spondylitis and with inflammatory activity maintained for >12 weeks,
who had failed treatment with at least two non-steroidal anti-inflammatory drugs (NSAIDs) at maxi-
mum recommended doses during at least 3 months

Exclusion criteria: Complete ankylosis, contraindications for anti-TNF alpha treatment, treatment with
more than 10mg/day of disease-modifying anti-rheumatic drugs (DMARDs) or prednisone, NSAID use
within 2 weeks of baseline, previous TNF inhibitors or biologics use, abnormal haematological profiles,
psychiatric disease, history of alcohol or drug abuse

Interventions

Etanercept 50 mg twice a week or 50 mg once a week plus a second injection of placebo

Outcomes The primary efficacy endpoint was the proportion of subjects who achieved ASAS20 response at Week
12.
Patients’ global assessment of disease activity and pain were measured using a visual analogue scale
(VAS), physical function was assessed using the BASFI score and inflammation was measured using the
score of the morning-stiffness items of the BASDAI. Secondary endpoints were the proportion of sub-
jects who achieved ASAS40, ASAS50, ASAST0, ASAS5/6 response and partial remission at Week 12, noc-
turnal and overall spine pain, physician global assessment of disease activity, activity index (BASDAI),
spinal mobility (BASMI) score , complete peripheral joint count (ACR64/66 index), tenderness of enthe-
sis [Maastricht Ankylosing Spondylitis Enthesis Score (MASES) index], C-reactive protein and erythro-
cyte sedimentation rate. Quality of life was assessed by the European Quality of Life Scale. (EuroQoL)
and 36-item Short-Form Health Survey (SF-36) questionnaires

Notes NCT00873730; LOADET. This work was supported by Pfizer S.A.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Patients were sequentially numbered at the screening visit

tion (selection bias)

Allocation concealment Unclear risk "Upon completion of the baseline evaluation, eligible subjects were randomly

(selection bias) allocated to a treatment group." Method of concealment of allocation not re-

ported
Blinding of participants Low risk All study personnel and participants, including statisticians, were blinded to

and personnel (perfor-
mance bias)

treatment assignment for the whole duration of the study
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Navarro-Sarabia 2011 (Continued)

Patient-assessed out-
comes

Blinding of participants Low risk All study personnel and participants, including statisticians, were blinded to

and personnel (perfor- treatment assignment for the whole duration of the study

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk All study personnel and participants, including statisticians, were blinded to

sessment (detection bias) treatment assignment for the whole duration of the study

Patient-assessed out-

comes

Blinding of outcome as- Low risk All study personnel and participants, including statisticians, were blinded to

sessment (detection bias) treatment assignment for the whole duration of the study

Physician-assessed out-

comes

Incomplete outcome data  Unclear risk The intent-to-treat (ITT) population was defined as 'All randomized patients

(attrition bias) who had received at least one treatment dose and who had undergone at least

Efficacy outcomes one therapy evaluation'. This resulted in 48/54 of etanercept 100 mg/week and
49/54 etanercept 50 mg/week. Unclear what effect the 10% missing may have
made to the estimate

Incomplete outcome data  Low risk Analysis done on the number randomized

(attrition bias)

Safety outcomes

Selective reporting (re- Low risk ASAS-recommended outcomes reported

porting bias)

Method of adverse event Low risk Safety was assessed by the evaluation of the percentage and type of adverse

monitoring events and serious adverse events, vital signs, physical examination, early

Safety outcomes withdrawals and laboratory results. Safety was assessed during all the study,
until 15 days after the last study visit

'Serious adverse event' Unclear risk Not reported

definitions provided?
Safety outcomes

van der Heijde 2005

Methods

Multicenter, randomized, placebo-controlled study for 24 weeks

Participants

N =201 infliximab N = 78 placebo

Age (mean, years): Treatment group - 40; Control group - 41
% male: Treatment group - 78%; Control group - 87%

% white: Treatment group - 98%; Control group - 97%

Disease duration (years): Treatment group - 8; Control group -13

Patient fulfilling the modified New York criteria for at least 3 months prior to screening, with BASDAI
>=4 (range 0-10) and spinal pain assessment score >=4 on a visual analogue scale (0-10 cm) were eli-
gible for the study. Patients were also required to have a normal chest radiograph within 3 months pri-
or to randomisation and either a negative tuberculosis (TB) test. Exclusion: total ankylosis of the spine
(defined by syndesmophytes present on the lateral views of spinal radiographs at all intervertebral lev-
els from T6 through S1), any other inflammatory rheumatic disease, fibromyalgia, a serious infection
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van der Heijde 2005 (continued)
within 2 months prior to randomisation, TB (active or latent) or recent contact with a person with ac-
tive TB, an opportunistic infection within 6 months of screening, hepatitis, human immunodeficiency
virus, a transplanted organ, malignancy, multiple sclerosis, or congestive heart failure. Patients were
allowed to receive concurrent stable doses of non-steroidal anti-inflammatory drugs, acetaminophen
(paracetamol), or tramadol during the study. Patients were not permitted to receive sulphasalazine
or methotrexate within 2 weeks prior to screening, systemic corticosteroids within 1 month prior to
screening, anti-TNF therapy other than infliximab within 3 months prior to screening, infliximab at
any time prior to screening, Disease-modifying anti-rheumatic drugs other than sulphasalazine or
methotrexate within 6 months prior to screening, or cytotoxic drugs within 12 months prior to screen-

ing
Interventions 5 mg/kg infliximab at weeks 0, 2, 6, 12, and 18 vs placebo
Outcomes Primary end point: ASAS20 responders at week 24. Other: BASDAI, night pain, patient’s global assess-

ment, BASF, BASMI, chest expansion, the Mander enthesis index, the total swollen joint index, the C-re-
active protein level, SF-36, adverse events

Magnetic resonance imaging (MRI) reported in another publication (Braun 2006): MRI Activity Score
based on the amount of bone marrow edema or erosions,as follows: 0 no erosions or bone marrow
edema, 1 minor bone marrow edema involving 25% of the vertebral unit, 2 moderate bone marrow
edema involving 20% but 50% of the vertebral unit, 3 major bone marrow edema involving 50% of the
vertebral unit, 4 bone marrow edema and minor erosion involving 25% of the vertebral unit, 5 bone
marrow edema and moderate erosion involving 20% but 50% of the vertebral unit, and 6 bone marrow
edema and major erosion involving 50% of the vertebral unit. Thus, the MRI Activity Score for each ver-
tebral unit ranged from 0 to 6. With 23 vertebral units assessed (from C2 to S1), the total MRI Activity
Score for the spine ranged from 0 to 138

Notes NCT00207701 'Ankylosing Spondylitis Study for the Evaluation of Recombinant Infliximab Therapy
(ASSERT)" trial. "Supported by Centocor Inc"

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk "Randomly assigned in 3:8 ratio"

tion (selection bias)

Allocation concealment Unclear risk Unclear "Patients were allocated to treatment groups using an adaptive treat-
(selection bias) ment allocation stratified by investigational site and C-reactive protein level..."
Blinding of participants Low risk "Double blind"; "both infliximab and placebo were supplied as sterile, white,
and personnel (perfor- lyophilized powders in single-use 20-ml vials"

mance bias)

Patient-assessed out-

comes

Blinding of participants Low risk "Double blind"; probably yes given the blinding of the study drug

and personnel (perfor-

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Low risk "Double blind"; "both infliximab and placebo were supplied as sterile, white,
sessment (detection bias) lyophilized powders in single-use 20-ml vials"

Patient-assessed out-

comes

Blinding of outcome as- Low risk "Double blind"; probably yes given the blinding of the study drug

sessment (detection bias)
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van der Heijde 2005 (continued)
Physician-assessed out-

comes
Incomplete outcome data  Low risk Fairly complete follow up; 75/78 completed in placebo and 199/201 completed
(attrition bias) in infliximab group. Intention-to-treat analysis

Efficacy outcomes

Incomplete outcome data  Low risk Fairly complete follow up; 75/78 completed in placebo and 199/201 completed
(attrition bias) in infliximab group. Intention-to-treat analysis

Safety outcomes

Selective reporting (re- Low risk ASAS-recommended outcomes reported

porting bias)

Method of adverse event Low risk "Safety assessments included adverse events, infections, infusion reactions,
monitoring premature discontinuations, and lab tests"
Safety outcomes

'Serious adverse event' Unclear risk No general serious adverse event (SAE) definition provided; but all SAEs that
definitions provided? occurred were explained
Safety outcomes

van der Heijde 2006a

Methods Multicenter, randomized (2:1 ratio) placebo-controlled study

Participants N =208 adalimumab; N = 107 placebo
Age (mean, years): Treatment group - 42; Control group - 43
% male: Treatment group - 76%; Control group - 74%
% white: Treatment group - 97%; Control group - 93%

Disease duration (years): Treatment group - 11; Control group -10

Patients >= 18 years of age and classified as having definite ankylosing spondylitis based on the mod-
ified New York criteria. All had active disease, defined as fulfilment of at least 2 of the following 3 crite-
ria: BASDAI >= 4, a total back pain score >4 (visual analogue scale 0-10 cm), or a duration of morning
stiffness > 1 hour

Patients with stable and well-controlled psoriasis, uveitis, inflammatory bowel disease (i.e., ulcera-
tive colitis,Crohn’s disease), and reactive arthritis were allowed to participate. Inadequate response
orintolerance to 1 or more non-steroidal anti-inflammatory (NSAIDs) was defined by the investiga-
tors. Patients in whom 1 or more disease-modifying anti-rheumatic drugs (DMARDs) had failed were
also allowed to participate. Patients were allowed to continue any of the following medications if the
dose had remained stable for at least 4 weeks before the baseline visit: sulphasalazine (<=3gm/day),
methotrexate (<= 25 mg/week), hydroxychloroquine(<=400 mg/day), prednisone or prednisone equiv-
alent (<=10mg/day), and NSAIDs

Exclusions: "previously received anti-TNF therapy, cyclosporine, azathioprine, or DMARDs (other than
the medications and doses listed above) at any time and patients who had received intraarticular injec-
tion(s) with corticosteroids within 4 weeks prior to baseline. Patients with latent tuberculosis (TB) were
allowed to participate in the study if a documented history of treatment was available or if treatment
for latent TB was initiated before the first dose of study medication. Patients with clinically active TB
were excluded from the study. History of any recent infections requiring antibiotic treatment; hepati-
tis or human immunodeficiency virus; a significant history of cardiac, renal, neurologic, psychiatric, en-
docrinologic, metabolic, or hepatic disease; and a history of demyelinating disease or multiple sclero-
sis. History of cancer or lymphoproliferative disease other than a successfully treated nonmetastatic
squamous cell or basal cell carcinoma and/or localized carcinoma in situ of the cervix"
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van der Heijde 2006a (Continued)

Interventions

Adalimumab 40 mg every other week or placebo for a 24-week period. Patients who did not achieve a
20% response according to the ASsessment in Ankylosing Spondylitis International Working Group cri-
teria forimprovement (ASAS20) at weeks 12, 16, or 20 were eligible for “early-escape” open label treat-
ment with adalimumab 40 mg every other week

Outcomes Primary efficacy outcome: percentage of ASAS20 responders at week 12. Secondary: ASAS5/6, ASAS40

Notes NCT00085644. 'Adalimumab Trial Evaluating Long-term Efficacy and Safety for Ankylosing Spondylitis
(ATLAS)". "Supported by Abbott Laboratories"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk From study author: "A random number generator was used to generate the

tion (selection bias) randomisation numbers. All patients were centrally randomized using an In-
teractive Voice Response System (IVRS). Randomization occurred within each
site"

Allocation concealment Low risk From study author: "The patient, sponsor and the study sites were blinded to

(selection bias) treatment allocation." "The treatment allocation for each patient was provid-
ed to the site in a sealed envelope, to be opened in the case of an emergency
in which the investigator believed that knowledge of study drug treatment was
required. However, no patient was unblinded during the course of the double
blind period"

Blinding of participants Low risk From study author: "The patient, sponsor and the study sites were blinded to

and personnel (perfor- treatment allocation." "The treatment allocation for each patient was provid-

mance bias) ed to the site in a sealed envelope, to be opened in the case of an emergency

Patient-assessed out- in which the investigator believed that knowledge of study drug treatment was

comes required. However, no patient was unblinded during the course of the double
blind period"

Blinding of participants Low risk From study author: "The patient, sponsor and the study sites were blinded to

and personnel (perfor- treatment allocation." "The treatment allocation for each patient was provid-

mance bias) ed to the site in a sealed envelope, to be opened in the case of an emergency

Physician-assessed out- in which the investigator believed that knowledge of study drug treatment was

comes required. However, no patient was unblinded during the course of the double
blind period"

Blinding of outcome as- Low risk From study author: "Yes, patients and assessors were blinded. In particular,

sessment (detection bias) the assessor who performed the tender and swollen joint counts, MASES, and

Patient-assessed out- the physical examination was blinded to information from the patient report-

comes ed questionnaires at all visits"

Blinding of outcome as- Low risk From study author: "Yes, patients and assessors were blinded. In particular,

sessment (detection bias) the assessor who performed the tender and swollen joint counts, MASES, and

Physician-assessed out- the physical examination was blinded to information from the patient report-

comes ed questionnaires at all visits"

Incomplete outcome data  Low risk 95% of participants completed 24 weeks. Intention-to-treat analysis per-

(attrition bias) formed using non-responder imputation

Efficacy outcomes

Incomplete outcome data  Low risk 95% of participants completed 24 weeks

(attrition bias)
Safety outcomes
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van der Heijde 2006a (Continued)

Selective reporting (re-
porting bias)

Low risk Outcomes reported as prespecified in trial protocol (ASAS20 at week 12). Ap-
propriate outcomes were reported

Method of adverse event Low risk "Adverse events and other safety assessments were completed throughout the
monitoring study"

Safety outcomes

'Serious adverse event' Unclear risk No general serious adverse event (SAE) definition provided; but each SAE that

definitions provided?
Safety outcomes

occurred was detailed in the report

van der Heijde 2006b

Methods

12-week, randomized, placebo-controlled, double-blind, multicenter study with three treatment
groups in a 3:3:1 ratio (etanercept 50 mg once weekly: etanercept 25 mg twice weekly: placebo)

Study carried out in 38 centersin 11 European countries

Participants

Etanercept 50mg once weekly:N=155; mean age (SD)=41.5 (11.0); 69.7% male; disease duration, years
(SD)=9.0 (8.7)

Etanercept 25mg twice weekly:N=150; mean age (SD)=39.8 (10.7); 76% male; disease duration, years
(SD) =10.0 (9.1)

Placebo: N =51; mean age (SD) = 40.1 (10.9); 78.4% male; disease duration, years (SD) = 8.5 (6.8)

Inclusion - age 18 to 70 years with active AS based on the Modified New York Criteria for ankylosing
spondylitis. Active ankylosing spondylitis defined by visual analogue scale (VAS) >= 30 for duration and
intensity of morning stiffness and two or more of the following:patient global assessment of disease ac-
tivity VAS >=30; mean of nocturnal and total pain VAS scores >=30

"Concomitant oral non-steroidal anti-inflammatory drugs and oral corticosteroids ((10 mg/day), if sta-
ble for >2 weeks before randomisation, and disease-modifying antirheumatic drugs (hydroxychloro-
quine, sulphasalazine and methotrexate), if stable for >4 weeks before randomisation, were permitted"

Exclusion: "Patients previously treated with TNFa inhibitors, including etanercept or other biological
agents, or disease-modifying antirheumatic drugs (other than hydrochloroquine, sulphasalazine and
methotrexate) less than 4 weeks before baseline, were not eligible. Other important exclusion criteria
included complete ankylosis (fusion) of the spine based on radiographic assessment and concurrent
medical events, such as uncontrolled hypertension, unstable angina pectoris, congestive heart failure,
severe pulmonary disease, cancer, demyelinating diseases of the central nervous system and serious
infections"

Interventions

Etanercept 50 mg once weekly versus etanercept 25 mg twice weekly versus placebo

Outcomes Non-inferiority design to compare etanercept 50 mg once weekly to 25 mg twice weekly. Primary out-
come: ASAS20 at week 12. Secondary outcomes: Secondary outcomes: ASAS40 and ASAS5/6 criteria at
all time points

Notes NCT00418548. "Study was supported by Wyeth Pharmaceuticals, Collegeville, Pennsylvania, USA (study
drug and grants to investigational sites)

Risk of bias

Bias Authors' judgement  Support for judgement
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van der Heijde 2006b (continued)

Random sequence genera-  Unclear risk Not reported in article

tion (selection bias)

Allocation concealment Unclear risk Not reported in article

(selection bias)

Blinding of participants Unclear risk "Double-blind", no further details reported

and personnel (perfor-

mance bias)

Patient-assessed out-

comes

Blinding of participants Unclear risk "Double-blind", no further details reported

and personnel (perfor-

mance bias)

Physician-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind", no further details reported

sessment (detection bias)

Patient-assessed out-

comes

Blinding of outcome as- Unclear risk "Double-blind", no further details reported

sessment (detection bias)

Physician-assessed out-

comes

Incomplete outcome data  Low risk Reasons for withdrawal were provided. Follow-up was greater than 80% in all

(attrition bias) groups. Modified intention-to-treat analyses were performed in which "all par-

Efficacy outcomes ticipants who received at least one dose of the test drugs" were included in the
analyses (356/361 randomized). "A last-observation-carried-forward approach
was used to impute missing data in the modified intent-to-treat population
analysis"

Incomplete outcome data  Low risk Same as efficacy outcomes

(attrition bias)

Safety outcomes

Selective reporting (re- Low risk All appropriate outcomes were assessed

porting bias)

Method of adverse event Low risk "Safety assessments were based on reports of adverse events, routine physical

monitoring examinations and laboratory test results"

Safety outcomes

'Serious adverse event' Unclear risk Refers to "non-infectious serious adverse events" but no definition provided

definitions provided?
Safety outcomes

AID: articular index according to Dougados

AS: Ankylosing Spondylitis

ASAS20 response: defined as 20% or greater improvement in at least three of five measures of disease activity, as recommended by the
Assessment of SpondyloArthritis international Society (ASAS) (duration of morning stiffness, degree of nocturnal spinal pain, the BASFI,
the patient’s global assessment of disease activity, and the score for joint swelling), one of which was required to be duration of morning
stiffness or degree of nocturnal spinal pain, with no worsening in any of the measures. If the swollen-joint score was zero throughout the
study, improvement was required in at least two of the four other outcome measures, with the aforementioned restrictions. Twenty per
cent improvement is defined as improvement of at least 20% and absolute improvement of at least 10 units (on a scale of 0-100) in three
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or more of the following domains: patient global assessment, pain, function (from the BASFI score), and inflammation (measured by the
mean of the two morning stiffness-related BASDAI and visual analogue scores). Furthermore, deterioration in the potentially remaining
domain has to be absent, defined as a change for the worse of 20% or more, and net worsening of 10 units or more (on a scale of 0-100)
ASAS40 response: at least a 40% improvement with a minimum of 20 units (0 to 100 scale) improvement compared with baseline in at
least three of four domains (spinal pain, function (BASFI), inflammation as measured by the mean of intensity and duration of morning
stiffness in the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and patient global assessment), and with no worsening in the
fourth domain.

ASAS50 response: at least a 50% with a minimum of 20 units (0 to 100 scale) improvement compared with baseline in at least three of four
domains (spinal pain, function (BASFI), inflammation as measured by the mean of intensity and duration of morning stiffness in the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI), and patient global assessment), and with no worsening in the fourth domain.
ASASTO response: at least a 70% with a minimum of 20 units (0 to 100 scale) improvement compared with baseline in at least three of four
domains (spinal pain, function (BASFI), inflammation as measured by the mean of intensity and duration of morning stiffness in the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI), and patient global assessment), and with no worsening in the fourth domain.
ASAS Partial remission: a value of less than 2 on a 0 to 10 scale in each of the four domains as described above for the ASAS40.

ASAS 5/6 response criteria require at least 20% improvement in 5 of 6 domains: spinal mobility (according to the Bath Ankylosing
Spondylitis Metrology Index [BASMI];other instruments may be used) and acute-phase reactants (the CRP concentration) in addition to
the 4 domains included in the ASAS 20 response criteria.

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index

BASDAI 50: 50% improvement of the initial BASDAI

BASFI: Bath Ankylosing Spondylitis Functional Index

BASMI: Bath Ankylosing Spondylitis Metrology index

BASRI-s: Bath Ankylosing Spondylitis Radiology Index for the spine

CRP: C-reactive protein level

DFI: Dougados Functional Index

DMARD: disease-modifying anti-rheumatic drug

ESR: erythrocyte sedimentation rate

NSAID: non-steroidal anti-inflammatory drug

SF-36: short form 36. A health-related assessment of quality of life

VAS: Visual analogue scale

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Barkham 2008b Trial participant inclusion criteria does not meet review participant inclusion criteria (inflammato-
ry back pain by Calin criteria < 3yrs)

Breban 2008 Trial participants did not meet complete modified NY criteria for ankylosing spondylitis and the in-
tervention was systematic versus on-demand treatment using infliximab

Haibel 2008 The population included in this study "axial spondylarthritis without radiographically defined
sacroiliitis" does not meet the review's inclusion criteria. This study is in early ankylosing spondyli-
tis patients

Li 2008 The intervention of infliximab + methotrexate vs infliximab + placebo assesses effect of methotrex-

ate and does not meet the review's intervention inclusion criteria

Morency 2011 Open-label extension of Lambert 2007

Van den Bosch 2002 Patients included ankylosing spondylitis, reactive arthritis, psoriatic arthritis, and undifferentiated
spondyloarthritis. Results for ankylosing spondylitis patients only were not available

Characteristics of studies awaiting assessment [ordered by study ID]

Zhang 2009
Methods Randomized, placebo-controlled trial
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Zhang 2009 (Continued)

Participants 86 Chinese patients with AS

Interventions Etanercept or placebo for 6 weeks followed by 6 week open-label extension

Outcomes ASAS20 and other ASAS responses, changes in BASDAI, BASFI, morning stiffness, nocturnal spinal
pain

Notes Chinese paper; abstract in English. Same authors as Huang 2008 and same intervention so it might

be a report from the same study, though only reports on 86 participants as opposed to 152 in
Huang 2008. Awaiting translation and confirmation with authors

DATA AND ANALYSES

Comparison 1. Adalimumab versus placebo

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 BASFI (0-10 VAS) 4 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
1.1 12 weeks 4 786 Mean Difference (1V, Fixed, 95% Cl) -1.56 [-1.89,-1.23]
2 ASAS 40 2 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
2.112 weeks 2 659 Risk Ratio (M-H, Fixed, 95% Cl) 3.76 [2.56, 5.53]

3 ASAS partial remission 2

Risk Ratio (M-H, Fixed, 95% Cl)

Subtotals only

3.112 weeks 2 659

Risk Ratio (M-H, Fixed, 95% Cl)

5.91[2.92,11.94]

4 MRI SPARCC score (lum- 1
bar spine; scale 0-108)

Mean Difference (1V, Fixed, 95% Cl)

Subtotals only

5 MRI SPARCC score 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
(sacroiliac joint; scale

0-72))

6 Withdrawals due to ad- 2 659 Peto Odds Ratio (Peto, Fixed, 95% Cl)  1.48 [0.34, 6.46]

verse events

6.1 12 weeks 2 659 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.48[0.34, 6.46]
7 Serious adverse events 2 659 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.89[0.25, 3.15]
7.1 12 weeks 2 659 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.89[0.25, 3.15]
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Analysis 1.1. Comparison 1 Adalimumab versus placebo, Outcome 1 BASFI (0-10 VAS).

Study or subgroup Adalimumab Placebo Mean Difference Weight Mean Difference

N Mean(SD) Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.1.112 weeks
Hu 2012 26 1.8(1.6) 20 2.9(1.9) — 10.12% -1.1[-2.14,-0.06]
Huang 2014 228 2.6 (2.3) 115 3.9(2.3) —= 40.78% -1.38[-1.9,-0.86]
Lambert 2007 38 4(3) 44 5.3(2.3) — 7.9% -1.3[-2.47,-0.13]
van der Heijde 2006a 208 3.3(2.2) 107 52(2.2) - 41.2% -1.9[-2.41,-1.39]
Subtotal *** 500 286 L 4 100% -1.56[-1.89,-1.23]
Heterogeneity: Tau?=0; Chi?*=3.1, df=3(P=0.38); 1>=3.34%
Test for overall effect: Z=9.28(P<0.0001) ‘ ‘ ‘ ‘

Favours adalimumab -5 25 0 2.5 5 Favours placebo

Analysis 1.2. Comparison 1 Adalimumab versus placebo, Outcome 2 ASAS 40.

Study or subgroup Adalimumab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.112 weeks
Huang 2014 102/229 11/115 —— 44.2% 4.66[2.61,8.32]
van der Heijde 2006a 83/208 14/107 - 55.8% 3.05[1.82,5.11]
Subtotal (95% CI) 437 222 <& 100% 3.76[2.56,5.53]
Total events: 185 (Adalimumab), 25 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.15, df=1(P=0.28); 1*=13.35%
Test for overall effect: Z=6.73(P<0.0001)

Favours placebo  0-01 0.1 1 10 100 Favours adalimumab

Analysis 1.3. Comparison 1 Adalimumab versus placebo, Outcome 3 ASAS partial remission.

Study or subgroup Adalimumab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.112 weeks
Huang 2014 50/229 4/115 —— 50.2% 6.28[2.32,16.95]
van der Heijde 2006a 43/208 4/107 —— 49.8% 5.53[2.04,15]
Subtotal (95% CI) 437 222 - 100% 5.91[2.92,11.94]
Total events: 93 (Adalimumab), 8 (Placebo)
Heterogeneity: Tau?=0; Chi>=0.03, df=1(P=0.86); 1>=0%
Test for overall effect: Z=4.94(P<0.0001)

Favours placebo  0-01 0.1 1 10 100 Favours adalimumab

Analysis 1.4. Comparison 1 Adalimumab versus placebo, Outcome 4 MRI SPARCC score (lumbar spine; scale 0-108).

Study or subgroup Adalimumab Placebo Mean Difference Weight Mean Difference
N Mean(SD) Mean(SD) Fixed, 95% CI Fixed, 95% CI
Hu 2012 26 9.6 (12.7) 20 16.1(10) —ﬁ 0% -6.5[-13.06,0.06]

Favours adalimumab ~ -100 -50 0 50

100 Favours placebo
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Analysis 1.5. Comparison 1 Adalimumab versus placebo, Outcome 5 MRI SPARCC score (sacroiliac joint; scale 0-72)).

Study or subgroup Adalimumab Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Hu 2012 26 4.5 (6) 20 7.5(8.7) -J( 0% -3[-7.46,1.46]

Favours adalimumab

-100 -50 0

50 100 Favours placebo

Analysis 1.6. Comparison 1 Adalimumab versus placebo, Outcome 6 Withdrawals due to adverse events.

Study or subgroup Adalimumab Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.6.1 12 weeks
Huang 2014 4/229 0/115 —1— 49.82% 4.55[0.56,36.67]
van der Heijde 2006a 2/208 2/107 ——— 50.18% 0.49[0.06,3.89]
Subtotal (95% CI) 437 222 —~l— 100% 1.48[0.34,6.46]
Total events: 6 (Adalimumab), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.22, df=1(P=0.14); 1°=54.87%
Test for overall effect: Z=0.52(P=0.6)
Total (95% CI) 437 222 —~l— 100% 1.48[0.34,6.46]
Total events: 6 (Adalimumab), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.22, df=1(P=0.14); 1°=54.87%
Test for overall effect: Z=0.52(P=0.6)

Favours adalimumab  0.01 0.1 1 10 100

Favours placebo

Analysis 1.7. Comparison 1 Adalimumab versus placebo, Outcome 7 Serious adverse events.

Study or subgroup Adalimumab Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI

1.7.112 weeks

Huang 2014 1/229 1/115 * 18.41% 0.47[0.03,8.98]

van der Heijde 2006a 6/208 3/107 —.— 81.59% 1.03[0.25,4.16]

Subtotal (95% ClI) 437 222 ‘ 100% 0.89[0.25,3.15]

Total events: 7 (Adalimumab), 4 (Placebo)

Heterogeneity: Tau?=0; Chi>=0.22, df=1(P=0.64); 1>=0%

Test for overall effect: Z=0.18(P=0.86)

Total (95% Cl) 437 222 ~al— 100% 0.89[0.25,3.15]

Total events: 7 (Adalimumab), 4 (Placebo)
Heterogeneity: Tau?=0; Chi>=0.22, df=1(P=0.64); 1>=0%
Test for overall effect: Z=0.18(P=0.86)

Favours adalimumab

0.01

0.1

10 100 Favours placebo
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Comparison 2. Infliximab versus placebo

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 ASAS 40 2 355 Risk Ratio (M-H, Fixed, 95% Cl) 3.84[2.28,6.46]
1.112 weeks 1 76 Risk Ratio (M-H, Fixed, 95% CI) 3.42[1.41, 8.26)
1.2 24 weeks 1 279 Risk Ratio (M-H, Fixed, 95% Cl) 4.01[2.13,7.55]

2 BASFI 3 424 Mean Difference (IV, Fixed, 95% Cl) -1.84[-2.18,-1.49]
2.1 12 weeks 2 145 Mean Difference (IV, Fixed, 95% Cl) -1.34 [-2.04,-0.64]
2.2 24 weeks 1 279 Mean Difference (IV, Fixed, 95% Cl) -2.0 [-2.40, -1.60]
3 ASAS partial remission 2 348 Risk Ratio (M-H, Fixed, 95% Cl) 17.47[3.42,89.14]
4 Serious adverse events 3 422 Peto Odds Ratio (Peto, Fixed, 95% Cl)  2.47[0.75, 8.14]
4.1 12 weeks 2 145 Peto Odds Ratio (Peto, Fixed, 95% Cl) 7.80[1.07, 56.65]
4.2 24 weeks 1 277 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.29[0.29,5.73]

5 Withdrawals duetoad- 3 424 Risk Ratio (M-H, Fixed, 95% Cl) 1.48[0.39, 5.62]
verse events

5.1 12 weeks 2 145 Risk Ratio (M-H, Fixed, 95% CI) 1.99[0.38,10.42]
5.2 24 weeks 1 279 Risk Ratio (M-H, Fixed, 95% CI) 0.78[0.07, 8.44]

6 Spinal inflamma- 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
tion (MRI activity score

(0-138))

7 Spinal inflammation 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

(MRI Activity score >1)

Analysis 2.1. Comparison 2 Infliximab versus placebo, Outcome 1 ASAS 40.

Study or subgroup Infliximab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.112 weeks
Inman 2010 18/39 5/37 —— 28.35% 3.42[1.41,8.26)
Subtotal (95% CI) 39 37 e 28.35% 3.42[1.41,8.26]
Total events: 18 (Infliximab), 5 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=2.73(P=0.01)
2.1.2 24 weeks
van der Heijde 2005 93/201 9/78 B 71.65% 4.01[2.13,7.55)
Subtotal (95% CI) 201 78 e 71.65% 4.01[2.13,7.55]

Favours placebo 005 02 1 5 20 Favours infliximab
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Study or subgroup Infliximab Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total events: 93 (Infliximab), 9 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=4.31(P<0.0001)
Total (95% Cl) 240 115 - 100% 3.84[2.28,6.46]

Total events: 111 (Infliximab), 14 (Placebo)

Heterogeneity: Tau?=0; Chi?=0.09, df=1(P=0.77); 1>=0%

Test for overall effect: Z=5.08(P<0.0001)

Test for subgroup differences: Chi*=0.08, df=1 (P=0.77), 1>=0%

Favours placebo 0.05 0.2

1 5 20

Favours infliximab

Analysis 2.2. Comparison 2 Infliximab versus placebo, Outcome 2 BASFI.

Study or subgroup Infliximab Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
2.2.112 weeks
Braun 2002 34 3.4(2.2) 35 7(2.4) — 10.5% -1.26[-2.33,-0.19]
Inman 2010 39 -1.8(2.1) 37 (2.1) — 14.05% -1.4[-2.32,-0.48]
Subtotal *** 73 72 L 4 24.55% -1.34[-2.04,-0.64]
Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=3.77(P=0)
2.2.2 24 weeks
van der Heijde 2005 201 4(1.3) 78 6(1.6) B 75.45% -2[-2.4,-1.6)
Subtotal *** 201 78 ¢ 75.45% -2[-2.4,-1.6]
Heterogeneity: Not applicable
Test for overall effect: Z=9.85(P<0.0001)
Total *** 274 150 ¢ 100% -1.84[-2.18,-1.49]
Heterogeneity: Tau?=0; Chi*=2.63, df=2(P=0.27); 1?=23.98%
Test for overall effect: Z=10.42(P<0.0001)
Test for subgroup differences: Chi?=2.59, df=1 (P=0.11), 1>=61.43%

Favours infliximab ~ -10

Favours placebo

Analysis 2.3. Comparison 2 Infliximab versus placebo, Outcome 3 ASAS partial remission.

Study or subgroup Infliximab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Braun 2002 8/34 0/35 4l—’ 25.49% 17.49[1.05,291.59]
van der Heijde 2005 45/201 1/78 —B— 74.51% 17.46[2.45,124.51]
Total (95% CI) 235 113 —al— 100% 17.47[3.42,89.14]
Total events: 53 (Infliximab), 1 (Placebo)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=1); 1>=0%
Test for overall effect: Z=3.44(P=0)

Favours placebo 0.01 0.1 1 10 100 Favours infliximab

TNF-alpha inhibitors for ankylosing spondylitis (Review)
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Analysis 2.4. Comparison 2 Infliximab versus placebo, Outcome 4 Serious adverse events.

Study or subgroup Infliximab Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl

2.4.112 weeks

Braun 2002 3/34 0/35 — 26.92% 8.09[0.81,80.51]

Inman 2010 1/39 0/37 * 9.24% 7.02[0.14,354.25]

Subtotal (95% CI) 73 72 i 36.17% 7.8[1.07,56.65]

Total events: 4 (Infliximab), 0 (Placebo)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.95); 1>=0%
Test for overall effect: Z=2.03(P=0.04)

2.4.2 24 weeks
van der Heijde 2005 7/202 2/75 —-— 63.83% 1.29[0.29,5.73]
Subtotal (95% Cl) 202 75 ‘ 63.83% 1.29[0.29,5.73]
Total events: 7 (Infliximab), 2 (Placebo)
Heterogeneity: Not applicable

Test for overall effect: Z=0.33(P=0.74)

Total (95% Cl) 275 147 - 100% 2.47[0.75,8.14]
Total events: 11 (Infliximab), 2 (Placebo)

Heterogeneity: Tau?=0; Chi*=2.03, df=2(P=0.36); 1?=1.42%

Test for overall effect: Z=1.49(P=0.14)

Test for subgroup differences: Chi*=2.03, df=1 (P=0.15), 1’=50.62%

Favours infliximab ~ 0.002 0.1 1 10 500 Favours placebo

Analysis 2.5. Comparison 2 Infliximab versus placebo, Outcome 5 Withdrawals due to adverse events.

Study or subgroup Infliximab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.112 weeks
Braun 2002 3/34 0/35 _— 14.2% 7.2[0.39,134.36]
Inman 2010 0/39 1/37 = 4431% 0.32[0.01,7.54]
Subtotal (95% CI) 73 72 —~a— 58.5% 1.99[0.38,10.42]

Total events: 3 (Infliximab), 1 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.03, df=1(P=0.15); 1°=50.82%
Test for overall effect: Z=0.81(P=0.42)

2.5.2 24 weeks

van der Heijde 2005 2/201 1/78 — 41.5% 0.78[0.07,8.44]
Subtotal (95% ClI) 201 78 ‘ 41.5% 0.78[0.07,8.44]
Total events: 2 (Infliximab), 1 (Placebo)

Heterogeneity: Not applicable
Test for overall effect: Z=0.21(P=0.84)

Total (95% Cl) 274 150 - 100% 1.48[0.39,5.62]
Total events: 5 (Infliximab), 2 (Placebo)

Heterogeneity: Tau?=0; Chi?=2.31, df=2(P=0.31); 1?=13.6%
Test for overall effect: Z=0.58(P=0.56)

Test for subgroup differences: Chi*=0.4, df=1 (P=0.53), I*=0%

‘
Favours infliximab ~ 0.005 0.1 1 10 200 Favours placebo
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Analysis 2.6. Comparison 2 Infliximab versus placebo, Outcome 6 Spinal inflammation (MRI activity score (0-138)).

Study or subgroup Infliximab Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
van der Heijde 2005 194 -5(6.2) 72 -0.6 (3.4) — 0% -4.42[-5.59,-3.25)

Favours infliximab -10

-5 10

Favours placebo

Analysis 2.7. Comparison 2 Infliximab versus placebo, Outcome 7 Spinal inflammation (MRI Activity score >1).

Study or subgroup Infliximab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van der Heijde 2005 72/194 53/72 -+ 0% 0.5[0.4,0.63]

Favours infliximab ~ 0.01 0.1 1 10 100 Favours placebo
Comparison 3. Golimumab versus placebo
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 ASAS40 2 429 Risk Ratio (M-H, Fixed, 95% Cl) 2.87[1.89, 4.35]
2 BASFI 2 429 Mean Difference (IV, Random, 95%  -1.48 [-1.95,-1.02]
cl

3 ASAS partial remission 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
4 ASspiMRI-a change from 1 Mean Difference (IV, Fixed, 95% CI)  Subtotals only
baseline (spinal inflammation,
score 0-138))
5 Withdrawals due to adverse 2 429 Peto Odds Ratio (Peto, Fixed, 95% 1.63[0.35,7.55]
events Cl)
6 Serious adverse event 1 Peto Odds Ratio (Peto, Fixed, 95% Subtotals only

cl)

Analysis 3.1. Comparison 3 Golimumab versus placebo, Outcome 1 ASAS40.

Study or subgroup Golimumab Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bao 2014 31/108 11/105 —— 42.11% 2.74[1.45,5.16]
Inman 2008 63/138 12/78 - 57.89% 2.97[1.71,5.15]
Total (95% Cl) 246 183 L 2 100% 2.87[1.89,4.35]
Total events: 94 (Golimumab), 23 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.03, df=1(P=0.85); 1>=0%

6,01 011 1 1‘0 10(;

Favours placebo

Favours golimumab

TNF-alpha inhibitors for ankylosing spondylitis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

82



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Golimumab Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Test for overall effect: Z=4.97(P<0.0001)

Favours placebo ~ 0-01 0.1 1 10 100 Favours golimumab

Analysis 3.2. Comparison 3 Golimumab versus placebo, Outcome 2 BASFI.

Study or subgroup Golimumab Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Bao 2014 108 3.7(2.4) 105 5.1(2.4) e 54.32% -1.37[-2.01,-0.73]
Inman 2008 138 3.5(2.6) 78 5.1(2.4) — 45.68% -1.62[-2.31,-0.93]
Total *** 246 183 <& 100% -1.48[-1.95,-1.02]
Heterogeneity: Tau?=0; Chi*=0.27, df=1(P=0.6); 1>=0%
Test for overall effect: Z=6.21(P<0.0001)

Favours golimumab 5 25 0 25 5 Favours placebo

Analysis 3.3. Comparison 3 Golimumab versus placebo, Outcome 3 ASAS partial remission.

Study or subgroup Golimumab Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Inman 2008 32/138 4/78 —_— 0% 4.52[1.66,12.31]
Favoursplacebo 005 02 1 5 20 Favours golimumab

Analysis 3.4. Comparison 3 Golimumab versus placebo, Outcome 4
ASspiMRI-a change from baseline (spinal inflammation, score 0-138)).

Study or subgroup Golimumab Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Inman 2008 37 -5.9(7.1) 23 -2.5(8.9) —.{ 0% -3.4[-7.7,0.9]
Favours golimumab 40 -20 0 20 40 Favours placebo

Analysis 3.5. Comparison 3 Golimumab versus placebo, Outcome 5 Withdrawals due to adverse events.

Study or subgroup Golimumab Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
Bao 2014 1/108 1/105 i 30.53% 0.97[0.06,15.65]
Inman 2008 4/138 1/78 . 69.47% 2.04[0.32,12.85]
Total (95% Cl) 246 183 ——e 100% 1.63[0.35,7.55]

Total events: 5 (Golimumab), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.19, df=1(P=0.66); 1>=0%
Test for overall effect: Z=0.62(P=0.54)

Favours golimumab ~ 0-05 02 1 5 20 Favours placebo

TNF-alpha inhibitors for ankylosing spondylitis (Review) 83
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Analysis 3.6. Comparison 3 Golimumab versus placebo, Outcome 6 Serious adverse event.

Study or subgroup Golimumab Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
Inman 2008 5/138 4/78 —0—’— 0% 0.69[0.17,2.75]
Favours golimumab ~ 0.01 0.1 1 10 100 Favours placebo

Comparison 4. Etanercept (25 mg twice weekly or 50mg once weekly) versus placebo

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 ASAS 40 3 590 Risk Ratio (M-H, Fixed, 95% Cl) 2.82[2.04,3.91]
1.1 6-12 weeks 2 508 Risk Ratio (M-H, Fixed, 95% Cl) 3.08[2.11,4.48]
1.2 Advanced AS 1 82 Risk Ratio (M-H, Fixed, 95% Cl) 1.98[1.05, 3.76]

2 BASFI (0-10 scale, 6 553 Mean Difference (IV, Fixed, 95% Cl) -1.35[-1.75,-0.95]
none to severe limita-

tions)

2.1 6 weeks 1 30 Mean Difference (IV, Fixed, 95% Cl) -0.80 [-2.48, 0.88]
2.2 12 weeks 2 124 Mean Difference (IV, Fixed, 95% Cl) -1.35[-2.16,-0.54]
2.3 16 weeks 1 40 Mean Difference (IV, Fixed, 95% Cl) -0.90[-2.50, 0.70]
2.4 24 weeks 1 277 Mean Difference (IV, Fixed, 95% Cl) -1.87[-2.48,-1.26]
2.5 Advanced AS 1 82 Mean Difference (IV, Fixed, 95% Cl) -0.60[-1.45, 0.25]
3 ASAS Partial remis- 3 785 Risk Ratio (M-H, Fixed, 95% Cl) 3.99[2.21,7.20]
sion

4 Withdrawals due to 8 1061 Peto Odds Ratio (Peto, Fixed, 95% Cl) 4.21[1.55,11.44]

adverse events

4.1 6 weeks 2 182 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0, 0.0]
4.2 12 weeks 3 480 Peto Odds Ratio (Peto, Fixed, 95% Cl) 3.36[0.73, 15.41]
4.3 16 weeks 1 40 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0, 0.0]
4.4 24 weeks 1 277 Peto Odds Ratio (Peto, Fixed, 95% Cl) 4.69[1.15,19.11]
4.5 Advanced AS 1 82 Peto Odds Ratio (Peto, Fixed, 95% Cl) 8.19[0.16, 414.54]
5 Serious adverse 8 1061 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.76 [0.81, 3.82]
events
5.1 6 weeks 2 182 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0, 0.0]
TNF-alpha inhibitors for ankylosing spondylitis (Review) 84
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants

5.2 12 weeks 3 480 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.56[0.43,5.59]
5.3 16 weeks 1 40 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0, 0.0]

5.4 24 weeks 1 277 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.84[0.63,5.37]
5.5 Advanced AS 1 82 Peto Odds Ratio (Peto, Fixed, 95% Cl) 2.19[0.22,21.75]

Analysis 4.1. Comparison 4 Etanercept (25 mg twice weekly
or 50mg once weekly) versus placebo, Outcome 1 ASAS 40.

Study or subgroup Etanercept Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.16-12 weeks
Huang 2008 47/74 13/78 —— 30.87% 3.81[2.25,6.44]
van der Heijde 2006b 90/155 5/25 — 21% 2.9[1.31,6.43]
van der Heijde 2006b 80/150 6/26 —— 24.94% 2.31[1.13,4.74]
Subtotal (95% Cl) 379 129 <& 76.8% 3.08[2.11,4.48]

Total events: 217 (Etanercept), 24 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.27, df=2(P=0.53); 1>=0%
Test for overall effect: Z=5.87(P<0.0001)

4.1.2 Advanced AS
Dougados 2011 18/39 10/43 —— 23.2% 1.98[1.05,3.76]
Subtotal (95% CI) 39 43 S 2 23.2% 1.98[1.05,3.76]
Total events: 18 (Etanercept), 10 (Placebo)
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.1(P=0.04)

Total (95% CI) 418 172 < 100% 2.82[2.04,3.91]
Total events: 235 (Etanercept), 34 (Placebo)

Heterogeneity: Tau?=0; Chi?=2.72, df=3(P=0.44); 1>=0%

Test for overall effect: Z=6.25(P<0.0001)

Test for subgroup differences: Chi*=1.34, df=1 (P=0.25), 1>=25.35%

Favours placebo 0.01 0.1 1 10 100 Favours etanercept

Analysis 4.2. Comparison 4 Etanercept (25 mg twice weekly or 50mg once
weekly) versus placebo, Outcome 2 BASFI (0-10 scale, none to severe limitations).

Study or subgroup Etanercept Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
4.2.1 6 weeks
Brandt 2003 14 4.3(2.3) 16 5.1(2.4) — T 5.55% -0.8[-2.48,0.88]
Subtotal *** 14 16 e 5.55% -0.8[-2.48,0.88]

Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)

Favours etanercept S 25 0 25 5 Favours placebo
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Study or subgroup Etanercept Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
4.2.2 12 weeks
Barkham 2010 20 42(2) 20 5.5(1.8) — 11.43% -1.27[-2.44,-0.1]
Calin 2004 45 4(2.8) 39 5.4 (2.4) — 12.57% -1.43[-2.55,-0.31]
Subtotal *** 65 59 L 4 24% -1.35[-2.16,-0.54]

Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=3.28(P=0)

4,2.3 16 weeks
Gorman 2002 20 2.2(2.1) 20 3.1(3) — 6.1% -0.9[-2.5,0.7]
Subtotal *** 20 20 P 6.1% -0.9[-2.5,0.7]

Heterogeneity: Not applicable
Test for overall effect: Z=1.1(P=0.27)

4.2.4 24 weeks
Davis 2003 138 3.6 (2.6) 139 5.5(2.6) k= 42.41% -1.87[-2.48,-1.26]
Subtotal *** 138 139 L 2 42.41% -1.87[-2.48,-1.26]
Heterogeneity: Not applicable
Test for overall effect: Z=6.02(P<0.0001)
4.2.5 Advanced AS
Dougados 2011 39 4.1(2) 43 4.7 (1.9) —r 21.94% -0.6[-1.45,0.25]
Subtotal *** 39 43 L 2 21.94% -0.6[-1.45,0.25]
Heterogeneity: Not applicable
Test for overall effect: Z=1.39(P=0.16)
Total *** 276 277 * 100% -1.35[-1.75,-0.95]
Heterogeneity: Tau?=0; Chi*=6.57, df=5(P=0.25); 1?=23.87%
Test for overall effect: Z=6.67(P<0.0001)
Test for subgroup differences: Chi*=6.53, df=1 (P=0.16), 1’=38.74% ‘ ‘ ‘ ‘

Favours etanercept S 25 0 25 5 Favours placebo

Analysis 4.3. Comparison 4 Etanercept (25 mg twice weekly or 50mg
once weekly) versus placebo, Outcome 3 ASAS Partial remission.

Study or subgroup Etanercept Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Davis 2003 24/138 6/139 —i— 39.82% 4.03[1.7,9.55]
Huang 2008 12/74 4/78 — 25.94% 3.16[1.07,9.37]
van der Heijde 2006b 32/150 1/25 T+ 11.42% 5.33[0.76,37.29]
van der Heijde 2006b 50/155 2/26 — 22.82% 4.19[1.09,16.19]
Total (95% CI) 517 268 S 2 100% 3.99[2.21,7.2]
Total events: 118 (Etanercept), 13 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.27, df=3(P=0.97); 1>=0%
Test for overall effect: Z=4.6(P<0.0001)

Favours placebo ~ 0-01 0.1 1 10 100 Favours etanercept
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Analysis 4.4. Comparison 4 Etanercept (25 mg twice weekly or 50mg once
weekly) versus placebo, Outcome 4 Withdrawals due to adverse events.

Study or subgroup Etanercept Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl

4.4.1 6 weeks

Brandt 2003 0/14 0/16 Not estimable

Huang 2008 0/74 0/78 Not estimable

Subtotal (95% Cl) 88 94 Not estimable

Total events: 0 (Etanercept), 0 (Placebo)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

4.4.212 weeks

Barkham 2010 0/20 0/20 Not estimable
Calin 2004 0/45 0/39 Not estimable
van der Heijde 2006b 14/305 0/51 -—i— 42.95% 3.36[0.73,15.41]
Subtotal (95% Cl) 370 110 el 42.95% 3.36[0.73,15.41]

Total events: 14 (Etanercept), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=1.56(P=0.12)

4.4.3 16 weeks
Gorman 2002 0/20 0/20 Not estimable
Subtotal (95% Cl) 20 20 Not estimable
Total events: 0 (Etanercept), 0 (Placebo)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

4.4.4 24 weeks
Davis 2003 7/138 1/139
Subtotal (95% Cl) 138 139

Total events: 7 (Etanercept), 1 (Placebo)

50.58% 4.69[1.15,19.11]
50.58% 4.69[1.15,19.11]

Heterogeneity: Not applicable
Test for overall effect: Z=2.16(P=0.03)

4.4.5 Advanced AS
Dougados 2011 1/39 0/43
Subtotal (95% ClI) 39 43

Total events: 1 (Etanercept), 0 (Placebo)

6.47% 8.19[0.16,414.54]
6.47% 8.19[0.16,414.54]

Heterogeneity: Not applicable
Test for overall effect: Z=1.05(P=0.29)

|

Total (95% CI) 655 406
Total events: 22 (Etanercept), 1 (Placebo)

Heterogeneity: Tau?=0; Chi*=0.22, df=2(P=0.9); I>=0%

Test for overall effect: Z=2.82(P=0)

Test for subgroup differences: Chi?=0.22, df=1 (P=0.9), I*=0%

100% 4.21[1.55,11.44]

Favours etanercept 0.02 0.1 1 10 50 Favours placebo
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Analysis 4.5. Comparison 4 Etanercept (25 mg twice weekly or 50mg
once weekly) versus placebo, Outcome 5 Serious adverse events.

Study or subgroup Etanercept Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
4.5.1 6 weeks
Brandt 2003 0/14 0/16 Not estimable
Huang 2008 0/74 0/78 Not estimable
Subtotal (95% Cl) 88 94 Not estimable
Total events: 0 (Etanercept), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
4.5.212 weeks
Barkham 2010 0/20 0/20 Not estimable
Calin 2004 1/45 0/39 } 3.87% 6.47[0.13,329.19]
van der Heijde 2006b 10/155 1/26 —_— T 19.91% 1.57[0.28,8.91]
van der Heijde 2006b 6/150 1/25 —_—t 12.89% 1[0.12,8.62]
Subtotal (95% Cl) 370 110 —~— 36.68% 1.56[0.43,5.59]
Total events: 17 (Etanercept), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.67, df=2(P=0.72); 1>=0%
Test for overall effect: Z=0.68(P=0.5)
4.5.3 16 weeks
Gorman 2002 0/20 0/20 Not estimable
Subtotal (95% Cl) 20 20 Not estimable
Total events: 0 (Etanercept), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
4.5.4 24 weeks
Davis 2003 9/138 5/139 ——— 51.96% 1.84[0.63,5.37]
Subtotal (95% Cl) 138 139 i 51.96% 1.84[0.63,5.37]
Total events: 9 (Etanercept), 5 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=1.11(P=0.27)
4.5.5 Advanced AS
Dougados 2011 2/39 1/43 —_— Tt 11.37% 2.19[0.22,21.75]
Subtotal (95% CI) 39 43 — 11.37% 2.19[0.22,21.75]
Total events: 2 (Etanercept), 1 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.67(P=0.5)
Total (95% CI) 655 406 - 100% 1.76[0.81,3.82]
Total events: 28 (Etanercept), 8 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.74, df=4(P=0.95); 1>=0%
Test for overall effect: Z=1.44(P=0.15)
Test for subgroup differences: Chi*=0.08, df=1 (P=0.96), 1>=0% ‘ ‘ ‘ ‘
Favours etanercept 0.02 0.1 1 10 50 Favours placebo
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Comparison 5. Etanercept versus infliximab

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 ASAS40 - 12 weeks 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

2 BASFI - 12 weeks 1 Mean Difference (IV, Random, 95% Cl) Subtotals only

Analysis 5.1. Comparison 5 Etanercept versus infliximab, Outcome 1 ASAS40 - 12 weeks.

Study or subgroup Etanercept Infliximab Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Giardina 2009 11/25 14/25 —0—’— 0% 0.79[0.45,1.38]
Favours infliximab 0.1 02 05 1 2 5 10 Favours etanercept

Analysis 5.2. Comparison 5 Etanercept versus infliximab, Outcome 2 BASFI - 12 weeks.

Study or subgroup Etanercept Infliximab Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Giardina 2009 25 5(1.1) 25 3.5(0.9) — 0% 1.5[0.94,2.06]
Favours etanercept 4 2 0 2 4 Favours infliximab

Comparison 6. Etanercept versus sulphasalazine

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 ASAS40 - 16-week 1 Risk Ratio (M-H, Fixed, 95% Cl) Totals not selected

2 BASFI 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected

3 ASAS Partial remission 1 Risk Ratio (M-H, Fixed, 95% Cl) Totals not selected

4 Withdrawals due to ad- 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected

verse events Cl)

5 Serious adverse events 1 Peto Odds Ratio (Peto, Fixed, 95% Totals not selected
cn

Analysis 6.1. Comparison 6 Etanercept versus sulphasalazine, Outcome 1 ASAS40 - 16-week.

Study or subgroup Etanercept Sulphasalazine Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Braun 2011 227/379 61/187 ‘ —_— 1.84[1.47,2.29]
Favours sulphsalazine 0.5 07 1 15 2 Favours etanercept
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Analysis 6.2. Comparison 6 Etanercept versus sulphasalazine, Outcome 2 BASFI.

Mean Difference

Study or subgroup Etanercept Sulphasalazine Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Braun 2011 379 28.7 (25.6) 187 39.4 (26.5) —_— -10.63[-15.22,-6.04]
Favours etanercept 20 -10 0 Favours sulphasalazine

Analysis 6.3. Comparison 6 Etanercept versus sulphasalazine, Outcome 3 ASAS Partial remission.

Study or subgroup Etanercept Sulphasalazine Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Braun 2011 126/379 29/187 _— 2.14[1.49,3.08]

‘ ‘
Favours etanercept 05 07 1 15

Analysis 6.4. Comparison 6 Etanercept versus sulphasalazine, Outcome 4 Withdrawals due to adverse events.

Favours sulphasalazine

Peto Odds Ratio

Study or subgroup Etanercept Sulphasalazine Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Braun 2011 15/379 12/187 —0+ 0.58[0.26,1.32]

Favours etanercept ~ 0.01 0.1 1

100

Analysis 6.5. Comparison 6 Etanercept versus sulphasalazine, Outcome 5 Serious adverse events.

Favours sulphasalazine

Study or subgroup Etanercept Sulphasalazine Peto Odds Ratio Peto Odds Ratio
n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
Braun 2011 7/379 4/187 + 0.86[0.24,3.05]

Favours etanercept  0-01 0.1 1

Comparison 7. Infliximab + methotrexate versus placebo + methotrexate

100

Favours sulphasalazine

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 BASDAI 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
2 ASAS20 1 42 Risk Ratio (M-H, Fixed, 95% Cl) 2.33[0.80, 6.80]
3>50% BASDAI 1 42 Risk Ratio (M-H, Fixed, 95% Cl) 2.5[0.87,7.22]
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Analysis 7.1. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 1 BASDAI.

Study or subgroup Infliximab + MTX Placebo + MTX Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Marzo-Ortega 2005 28 4.6(2.9) 14 5.7(2.3) —o—'— -1.14[-2.76,0.48]
Favours Infliximab + MTX -4 2 0 2 4 Favours Placebo + MTX

Analysis 7.2. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 2 ASAS20.

Study or subgroup Infliximab Placebo + MTX Risk Ratio Weight Risk Ratio
+MTX
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Marzo-Ortega 2005 14/28 3/14 e 100% 2.33[0.8,6.8]
Total (95% CI) 28 14 A 100% 2.33[0.8,6.8]

Total events: 14 (Infliximab + MTX), 3 (Placebo + MTX)
Heterogeneity: Not applicable
Test for overall effect: Z=1.55(P=0.12)

Favours placebo + MTX  0.01 0.1 1 10 100 Favours infliximab + MTX

Analysis 7.3. Comparison 7 Infliximab + methotrexate versus placebo + methotrexate, Outcome 3 > 50% BASDAI.

Study or subgroup Infliximab Placebo + MTX Risk Ratio Weight Risk Ratio
+MTX
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Marzo-Ortega 2005 15/28 3/14 e 100% 2.5[0.87,7.22]
Total (95% CI) 28 14 . 100% 2.5[0.87,7.22]

Total events: 15 (Infliximab + MTX), 3 (Placebo + MTX)
Heterogeneity: Not applicable
Test for overall effect: Z=1.69(P=0.09)

Favours infliximab + MTX ~ 0.01 0.1 1 10 100 Favours placebo + MTX

Comparison 8. TNF-inhibitors versus placebo

Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
1 Withdrawals due 16 2623 Peto Odds Ratio (Peto, Fixed, 95% Cl) 2.44[1.26,4.72]
to AE
1.1 6 weeks 2 182 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0,0.0]
1.2 12 weeks 9 1416 Peto Odds Ratio (Peto, Fixed, 95% Cl) 2.48[1.00, 6.16]
1.3 14 weeks 2 429 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.63[0.35, 7.55]
1.4 16 weeks 1 40 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0,0.0]
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants

1.5 24 weeks 2 556 Peto Odds Ratio (Peto, Fixed, 95% Cl) 3.06[0.90, 10.45]
2 Serious adverse 15 2408 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.45[0.85, 2.48]
events

2.1 6 weeks 2 182 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0,0.0]

2.2 12 weeks 9 1317 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.48[0.69, 3.19]
2.3 16 weeks 1 40 Peto Odds Ratio (Peto, Fixed, 95% Cl) 0.0[0.0,0.0]

2.4 24 weeks 3 869 Peto Odds Ratio (Peto, Fixed, 95% Cl) 1.43[0.68, 3.00]

Analysis 8.1. Comparison 8 TNF-inhibitors versus placebo, Outcome 1 Withdrawals due to AE.

Study or subgroup Anti-TNF drugs Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
8.1.1 6 weeks
Brandt 2003 0/14 0/16 Not estimable
Huang 2008 0/74 0/78 Not estimable
Subtotal (95% Cl) 88 94 Not estimable
Total events: 0 (Anti-TNF drugs), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
8.1.212 weeks
Barkham 2010 0/20 0/20 Not estimable
Braun 2002 3/34 0/35 . 8.24% 8.09[0.81,80.51]
Calin 2004 0/45 0/39 Not estimable
Dougados 2011 1/39 0/43 2.82% 8.19[0.16,414.54]
Giardina 2009 0/25 0/25 Not estimable
Huang 2014 4/229 0/115 B . — 9.99% 4.55[0.56,36.67]
Inman 2010 0/39 1/37 2.83% 0.13[0,6.47]
van der Heijde 2006a 2/208 2/107 e 10.06% 0.49[0.06,3.89]
van der Heijde 2006b 14/305 0/51 I 18.74% 3.36[0.73,15.41]
Subtotal (95% Cl) 944 472 N 52.69% 2.48[1,6.16]
Total events: 24 (Anti-TNF drugs), 3 (Placebo)
Heterogeneity: Tau?=0; Chi*=6.4, df=5(P=0.27); 1>=21.93%
Test for overall effect: Z=1.96(P=0.05)
8.1.3 14 weeks
Bao 2014 1/108 1/105 —— 5.63% 0.97[0.06,15.65]
Inman 2008 4/138 1/78 e e e— 12.82% 2.04[0.32,12.85]
Subtotal (95% Cl) 246 183 - 18.45% 1.63[0.35,7.55]
Total events: 5 (Anti-TNF drugs), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.19, df=1(P=0.66); 1>=0%
Test for overall effect: Z=0.62(P=0.54)
8.1.4 16 weeks

‘04002 0‘1 1 1‘0 ‘

Favours anti-TNF drugs

500 Favours placebo
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Study or subgroup Anti-TNF drugs Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Gorman 2002 0/20 0/20 Not estimable
Subtotal (95% Cl) 20 20 Not estimable
Total events: 0 (Anti-TNF drugs), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
8.1.5 24 weeks
Davis 2003 7/138 1/139 — 22.07% 4.69[1.15,19.11]
van der Heijde 2005 2/201 1/78 — 6.79% 0.76[0.06,9.6]
Subtotal (95% Cl) 339 217 e 28.86% 3.06[0.9,10.45]
Total events: 9 (Anti-TNF drugs), 2 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.51, df=1(P=0.22); 1*=33.85%
Test for overall effect: Z=1.79(P=0.07)
Total (95% CI) 1637 986 < 100% 2.44[1.26,4.72]
Total events: 38 (Anti-TNF drugs), 7 (Placebo)
Heterogeneity: Tau?=0; Chi*=8.51, df=9(P=0.48); 1>=0%
Test for overall effect: Z=2.65(P=0.01)
Test for subgroup differences: Chi*=0.4, df=1 (P=0.82), I*=0% ‘ ‘ ‘ ‘
Favours anti-TNF drugs ~ 0.002 0.1 1 10 500 Favours placebo
Analysis 8.2. Comparison 8 TNF-inhibitors versus placebo, Outcome 2 Serious adverse events.
Study or subgroup Anti-TNF drugs Placebo Peto Odds Ratio Weight Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
8.2.1 6 weeks
Brandt 2003 0/14 0/16 Not estimable
Huang 2008 0/74 0/78 Not estimable
Subtotal (95% Cl) 88 94 Not estimable
Total events: 0 (Anti-TNF drugs), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
8.2.212 weeks
Barkham 2010 0/20 0/20 Not estimable
Braun 2002 3/34 0/35 T t+— 5.38% 8.09[0.81,80.51]
Calin 2004 1/45 0/39 + 1.84% 6.47[0.13,329.19]
Dougados 2011 2/39 1/43 I s e— 5.39% 2.19[0.22,21.75]
Giardina 2009 0/25 0/25 Not estimable
Huang 2014 1/229 1/115 R 3.28% 0.47[0.03,8.98]
Inman 2008 5/138 4/78 — 14.77% 0.69[0.17,2.75]
Inman 2010 1/39 0/37 + 1.85% 7.02[0.14,354.25]
van der Heijde 2006b 6/150 1/25 —_—t 6.12% 1[0.12,8.62]
van der Heijde 2006b 10/155 1/26 e e 9.44% 1.57[0.28,8.91]
Subtotal (95% Cl) 874 443 > 48.07% 1.48[0.69,3.19]
Total events: 29 (Anti-TNF drugs), 8 (Placebo)
Heterogeneity: Tau?=0; Chi*=5.24, df=7(P=0.63); 1>=0%
Test for overall effect: Z=1(P=0.32)
6.001 011 1 1‘0 :

Favours anti-TNF drug

1000 Favours placebo
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Study or subgroup Anti-TNF drugs Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
8.2.316 weeks
Gorman 2002 0/20 0/20 Not estimable
Subtotal (95% Cl) 20 20 Not estimable
Total events: 0 (Anti-TNF drugs), 0 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
8.2.4 24 weeks
Davis 2003 9/138 5/139 T 24.65% 1.84[0.63,5.37]
van der Heijde 2005 7/202 2/75 — 12.75% 1.29[0.29,5.73]
van der Heijde 2006a 6/208 3/107 — 14.54% 1.03[0.25,4.16]
Subtotal (95% Cl) 548 321 L 4 51.93% 1.43[0.68,3]

Total events: 22 (Anti-TNF drugs), 10 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.44, df=2(P=0.8); I>=0%

Test for overall effect: Z=0.95(P=0.34)

Total (95% Cl)

Total events: 51 (Anti-TNF drugs), 18 (Placebo)
Heterogeneity: Tau?=0; Chi*=5.69, df=10(P=0.84); 1>=0%

Test for overall effect: Z=1.38(P=0.17)

Test for subgroup differences: Chi?=0, df=1 (P=0.95), I*=0%

1530 878 & 100% 1.45[0.85,2.48]

ADDITIONAL TABLES

Favours anti-TNF drug ~ 0-001 o1 1 10 1000 Favours placebo

Table 1. Concomitant permitted therapy by study

Study ID Concomitant/Background treatment
Adalimumab
Lambert 2007 Not reported

van der Heijde 2006a

Allowed to continue sulphasalazine (3 g/day), methotrexate (25 mg/week), hydroxychloroquine
(400 mg/day), prednisone or prednisone equivalent (10 mg/day), and NSAIDs, if the dose had re-
mained stable for at least 4 weeks before the baseline visit

Hu 2012, Huang 2014

Concomitant use of methotrexate (<25 mg/week), sulphasalazine (<3 g/day), prednisone (<10
mg/day), NSAIDs and/or analgesics was allowed but dose adjustments, induction and/or discontin-
uation of these therapies was not permitted

Etanercept
Brandt 2003 Allowed NSAIDs at the same or less dose at baseline
Calin 2004 Allowed prestudy physiotherapy

Davis 2003, Gorman 2002, van

Allowed stable doses of DMARDs, NSAIDs, and oral corticosteroids

der Heijde 2006b
Huang 2008 Allowed stable DMARDs doses
TNF-alpha inhibitors for ankylosing spondylitis (Review) 94
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Table 1. Concomitant permitted therapy by study (continued)
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Barkham 2010 Allowed stable doses of DMARDSs (sulphasalazine or methotrexate) and/or a NSAID for the duration

but not corticosteroids

Golimumab

Bao 2014, Inman 2008

hydroxychloroquine

Allowed to continue concurrent treatment with stable doses of methotrexate, sulphasalazine, and

Inman 2008

hydroxychloroquine, corticosteroids, and NSAIDs

Allowed to continue concurrent treatment with stable doses of methotrexate, sulphasalazine, and

Infliximab

Braun 2002, van der Heijde
2005

Allowed to continue on stable doses of NSAIDs

Inman 2010

doses remained stable in the study

Concomitant therapy of NSAIDs, corticosteroids, analgesics, and DMARDs were allowed as long as

Marzo-Ortega 2005

Allowed concomitant use of NSAIDs or oral corticosteroids

DMARD - disease-modifying anti-rheumatic drug
NSAID - non-steroidal anti-inflammatory drug

Table 2. ASAS40: odds ratios, risk ratios and risk differences for all treatment comparisons (random-effects model)

Treatment Reference OR (95% Crl) RR (95% Crl) RD% (95% Crl)
Etanercept Placebo 5.16 (3.14 t0 8.62) 3.31(2.38t04.53) 30.98 (20.08 to 42.47)
Infliximab 7.75 (4.11 to 15.45) 4.07 (2.80 to 5.74) 41.08 (26.62 t0 55.88)
Adalimumab 5.84 (3.33 to 10.68) 3.53(2.49 t0 4.91) 34.00 (21.03 to 48.00)
Golimumab 4,12 (2.23t0 7.74) 2.90 (1.90 to 4.23) 25.50 (12.66 to 40.31)
Infliximab Etanercept 1.50 (0.73 t0 3.23) 1.23(0.85t0 1.78) 10.01 (-7.67 t0 28.21)
Adalimumab 1.13 (0.53 t0 2.46) 1.07 (0.71 to 1.60) 3.09 (-15.40 to 21.89)
Golimumab 0.80 (0.36 t0 1.78) 0.88 (0.55 to 1.38) -5.45 (-23.60 to 13.99)
Adalimumab Infliximab 0.76 (0.31to 1.76) 0.87 (0.57 to 1.32) -6.89 (-27.99 to 13.79)
Golimumab 0.53 (0.21 to 1.30) 0.71(0.44 t0 1.15) -15.62 (-36.44 to 6.40)
Golimumab Adalimumab 0.71(0.30to 1.62) 0.82(0.50 to 1.31) -8.45 (-28.45t0 11.78)
Random-effects Residual de- 18.86 versus 20 data points

model viance

Deviance infor-
mation criteria

124.187

TNF-alpha inhibitors for ankylosing spondylitis (Review)
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Table 2. ASAS40: odds ratios, risk ratios and risk differences for all treatment comparisons (random-effects

"l:?x%ﬁlk#ffé’é’f’””e"’) Residual de- 19.51 versus 20 data points
model viance
Deviance infor- 123.44

mation criteria

CrL - credible interval
OR-odds ratio

RD -risk difference
RR -risk ratio

Table 3. BASFI: mean difference for all treatment comparisons (random-effects model)

Treatment Reference Mean (SD)
Etanercept Placebo -1.09 (-1.60 to -0.56)
Infliximab -2.07(-2.71to0 -1.35)
Adalimumab -1.57(-2.21t0 -0.89)
Golimumab -1.49 (-2.27 t0 -0.69)
Infliximab Etanercept -0.98 (-1.69 t0 -0.23)
Adalimumab -0.48 (-1.32t0 0.36)
Golimumab -0.40 (-1.36 t0 0.54)
Adalimumab Infliximab 0.51 (-0.46 to 1.43)
Golimumab 0.59 (-0.49 to 1.61)
Golimumab Adalimumab 0.08 (-0.95t0 1.10)
Random-effects model Residual deviance 27.04 versus 28 data points

Deviance information criteria  31.943

Fixed-effect model Residual deviance 34.09 versus 28 data points

Deviance information criteria  34.13

SD - standard deviation

Table 4. Partial remission: odds ratios, risk ratios and risk differences for all treatment comparisons (random-
effects model)

Treatment Reference OR (95% Crl) RR (95% Crl) RD% (95% Crl)

Etanercept Placebo 4,72 (2.43t09.72) 4.24 (2.31t0 8.09) 9.66 (3.79 t0 19.10)

Infliximab 28.18 (6.25t0 284.40) 15.41 (5.09 to 47.98) 43.61 (16.89 to 82.38)
TNF-alpha inhibitors for ankylosing spondylitis (Review) 96
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Table 4. Partial remission: odds ratios, risk ratios and risk differences for all treatment comparisons (random-
effects model) (continued)

Adalimumab 7.53(3.39t0 18.33) 6.28 (3.13t0 12.78) 15.74 (6.11 to 32.38)
Golimumab 5.96 (1.97 to 23.86) 5.18 (1.90 to 14.79) 12.39 (2.69 to 38.31)
Infliximab Etanercept 5.94 (1.12 t0 65.22) 3.60 (1.09 to 12.19) 33.62(1.91to0 76.29)
Adalimumab 1.59 (0.53 t0 4.93) 1.47 (0.58 to0 3.67) 5.83 (-7.73 to 24.11)
Golimumab 1.26 (0.34to 5.71) 1.22 (0.38 t0 4.00) 2.68 (-11.26 t0 28.71)
Adalimumab Infliximab 0.27 (0.02 to 1.52) 0.41(0.12 to 1.35) -26.97 (-72.15t0 7.93)
Golimumab 0.21(0.02 to 1.56) 0.34 (0.08 to 1.35) -29.87 (-74.54 t0 9.13)
Golimumab Adalimumab 0.78 (0.19 to 4.08) 0.82 (0.25 t0 2.92) -3.23(-23.14 to 24.98)
Random-effects Residual de- 12.93 versus 16 data points
model viance

Deviance infor- 88.137

mation criteria

Fixed-effect Residual de- 12.56 versus 16 data points
model viance
Deviance infor- 87.316

mation criteria

CrL - credible interval
OR - odds ratio

RD - risk difference
RR - risk ratio

Table 5. Serious adverse events: odds ratios, risk ratios and risk differences for all treatment comparisons (random-

effects model)

Treatment Reference OR (95% Crl) RR (95% Crl) RD% (95% Crl)
Etanercept Placebo 1.70 (0.76 to 3.84) 1.69(0.76 t0 3.72) 1.03 (-0.48 to 3.24)
Infliximab 2.60 (0.75t0 12.62) 2.53(0.76 to 11.09) 2.34 (-0.45 to 12.84)
Adalimumab 0.92 (0.25 to 4.08) 0.92 (0.26 to 3.93) -0.11 (-1.48 to 3.85)
Golimumab 0.69 (0.15 to 3.44) 0.69 (0.15 to 3.32) -0.44 (-1.67 t0 3.47)
Infliximab Etanercept 1.53(0.38t09.81) 1.51(0.39 to 8.49) 1.27 (-2.48 t0 12.27)
Adalimumab 0.54 (0.14 to 2.67) 0.55 (0.14 to 2.59) -1.09 (-3.67 t0 3.03)
Golimumab 0.40 (0.07 to 2.47) 0.41 (0.08 to 2.40) -1.41(-3.93t02.78)
Adalimumab Infliximab 0.35(0.05 to 2.28) 0.36 (0.05 to 2.22) -2.33(-13.00 to 2.47)

TNF-alpha inhibitors for ankylosing spondylitis (Review)
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Table 5. Serious adverse events: odds ratios, risk ratios and risk differences for all treatment comparisons (random-
effects model) (continued)

Golimumab 0.25(0.03 t0 2.03) 0.26 (0.03 to 1.99) -2.68 (-13.32t0 2.04)
Golimumab Adalimumab 0.74 (0.09 to 6.02) 0.75(0.09 to 5.78) -0.31 (-4.40 to 3.85)
Random-effect Residual de- 21.86 versus 30 data points

model viance

Deviance infor-
mation criteria

109.922

Fixed-effect
model

Residual de-
viance

21.57 versus 30 data points

Deviance infor-
mation criteria

109.171

CrlL - credible interval

OR - odds ratio

RD - risk difference

RR - risk ratio

Table 6. Withdrawal due to adverse events: odds ratios, risk ratios and risk differences for all treatment
comparisons (random-effects model)

Treatment Reference OR (95% Crl) RR (95% Crl) RD% (95% Crl)
Etanercept Placebo 3.73(1.27 to 12.40) 3.65(1.27to 11.79) 1.94(0.27 to 5.35)
Infliximab 1.78 (0.43 t0 8.77) 1.77 (0.43 to 8.46) 0.55 (-0.55 to 4.45)
Adalimumab 1.70 (0.35 t0 11.56) 1.69(0.35t0 10.84) 0.49 (-0.61 t0 6.14)
Golimumab 1.98 (0.36 to 19.49) 1.97 (0.36 to 17.51) 0.70 (-0.59 to 10.58)
Infliximab Etanercept 0.49 (0.08 to 2.94) 0.49 (0.09 to 2.85) -1.28(-5.08 to 3.07)
Adalimumab 0.46 (0.07 t0 3.72) 0.47 (0.07 to 3.54) -1.33 (-5.10 t0 4.63)
Golimumab 0.52 (0.06 to 7.31) 0.53 (0.06 to 6.59) -1.16 (-5.16 t0 9.25)
Adalimumab Infliximab 0.94 (0.10 to 10.34) 0.94 (0.10 to 9.84) -0.07 (-4.00 to 5.61)
Golimumab 1.11(0.11 to 17.16) 1.11(0.11 to 15.51) 0.12 (-3.92 to 10.05)
Golimumab Adalimumab 1.19(0.10 to 16.81) 1.19(0.10 to 15.32) 0.19 (-5.13 t0 9.86)
Random-effects Residual de- 28.38 versus 32 data points

model viance

Deviance infor-
mation criteria

112.54

Fixed-effect
model

Residual de-
viance

28.92 versus 32 data points

TNF-alpha inhibitors for ankylosing spondylitis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

98



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Table 6. Withdrawal due to adverse events: odds ratios, risk ratios and risk differences for all treatment
comparisons (random-effects model) (continued)

Deviance infor- 112.474
mation criteria

CrlL - credible interval
OR - odds ratio

RD - risk difference
RR - risk ratio

TNF-alpha inhibitors for ankylosing spondylitis (Review) 929
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Table 7. Demographic and clinical characteristics of studies included in network meta-analysis

Study ID # of patients Duration, Age (yrs, SD) % male Disease duration Baseline BASDAI  Baseline BASFI

weeks (yrs, SD) (SD) (SD)
Tx Control

Etanercept versus placebo

Gorman 2002 20 20 16 38(10) 65 15 (10) Not reported 4.5(2.1)

Brandt 2003 14 16 6 39.8(9.1) 71.4 14.9 (8.3) 6.5(1.2) 6.2 (1.8)

Davis 2003 138 139 24 42.1 76 10.1 58.1 51.7

Calin 2004 45 39 12 45.3 (9.5) 80 15(8.8) 61 60.2

van der Heijde 2006b 150 51 12 39.8 (10.7) 76 10 (9.1) 59.4 (16.7) 57.7(20.1)

Huang 2008 74 78 6 abstract; no details reported

Barkham 2010 20 20 12 40.8 (9.7) 75 11 (2-45)# 6.05 (1.71) 5.60 (1.98)

Dougados 2011 39 43 12 46 (11) 95 19 64 (12) 63 (20)

Infliximab versus placebo

Braun 2002 34 35 12 40.6 (8) 68 16.4(8.3) 6.5(1.2) 5.1(2.2)

van der Heijde 2005 201 78 24 40 (32,47)* 78 10.1 6.6 (5.3, 7.6)* 5.7 (4.5,7.1)

Inman 2010 39 37 12 42.9(10.4) 82 11.7 (10.6) Not reported Not reported

Adalimumab versus placebo

van der Heijde 2006a 208 107 12 41.7 (11.69) 75.5 11.3 (10) 6.3(1.7) 5.2(2.2)

Lambert 2007 38 40 12 41.9(11.1) 76 14.5 (9) 6.2 (1.7) 5.3(2.0)

Hu 2012 26 20 12 28.2 (6.9) 92 7.4 (5.7) 5.9 (1.4) 3.7(2.1)

Huang 2014 229 115 12 30.1(8.1) 80.8 8.1(6.0)* 6.0 (1.4) 43(2.3)

Golimumab versus placebo
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Table 7. Demographic and clinical characteristics of studies included in network meta-analysis (continved)
Inman 2008 138 78 14 38 (30, 47)* 73.9 11 (6, 18)** 6.6 (5.6,7.6)* 5.0 (3.2,6.7)*

Bao 2014 108 105 14 30.5 (10.3) 83.3 6.1(5.9)* 6.6 (1.3) 5.0 (2.4)

Etanercept versus infliximab

Giardina 2009 25 25 12** 32.6 (6.8) 80 15.7 (6.5) 6.6 (1.1) 6.5(1.1)

Note: data from the treatment group provided in this table; for Giardina 2009, the etanercept baseline data is provided (very similar to the infliximab group)
Giardina 2009 is the only unblinded study. We did not include Braun 2011 or Marzo-Ortega 2005

*median (IQR)

#median (range)

*+years since symptoms occurred

**study ran for 104 weeks, but week 12 data used in the network meta-analysis

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index

BASFI: Bath Ankylosing Spondylitis Functional Index
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Table 8. Summary of warnings on the TNF-inhibitors from regulatory agencies

Summary of warning and conclusions Date warning posted

MedWatch: The US Food and Drug Administration (FDA) Safety Information and Adverse Event
Reporting Program

Humira (adalimumab) injection: Postmarketing Experience: Hepato-biliary disorders: ... added ... May 2014
hepatitis
Humira (adalimumab) May 2013

5 WARNINGS AND PRECAUTIONS
5.1 Serious infections

« Cases of reactivation of tuberculosis and new onset tuberculosis infections have been reported in
patients receiving Humira, including patients who have previously received treatment for latent
or active tuberculosis. Reports included cases of pulmonary and extrapulmonary (i.e. disseminat-
ed) tuberculosis. Evaluate....

+ Despite prophylactic treatment for tuberculosis, cases of reactivated tuberculosis have occurred
in patients treated with Humira

5.2 Malignancies

« The potential risk with the combination of azathioprine or 6-mercaptopurine and Humira should
be carefully considered

5.3 Hypersensitivity reactions

« Anaphylaxis and angioneurotic edema have been reported following Humira administration. If an
anaphylactic or other serious allergic reaction occurs, ......

5.10 Immunizations

« Itisrecommended that JIA patients, if possible, be brought up to date with all immunizations in
agreement with current immunization.....

6 ADVERSE REACTIONS
6.2 Postmarketing experience

+ General disorders and administration site conditions: Pyrexia

« Neoplasms benign, malignant and unspecified (including cysts and polyps): Merkel Cell Carcino-
ma (neuroendocrine carcinoma of the skin)

7 DRUG INTERACTIONS
7.2 Biologic products

« Concomitant administration of Humira with other biologic DMARDS (e.g. anakinra and abatacept)
or other TNF blockers is not recommended based upon the possible increased risk for infections
and other potential pharmacological interactions

Humira (adalimumab) 6.2 Postmarketing experience May 2012

« added...liver failure, sarcoidosis, demyelinating disorders (e.g. optic neuritis, Guillain-Barré syn-
drome), cerebrovascular accident, pulmonary embolism, alopecia, and deep vein thrombosis

Humira (adalimumab) BOXED WARNING Nov 2009
Malignancy

« Lymphoma and other malignancies, some fatal, have been reported in children and adolescent
patients treated with TNF blockers, of which Humira is a member

TNF-alpha inhibitors for ankylosing spondylitis (Review) 102
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Table 8. Summary of warnings on the TNF-inhibitors from regulatory agencies (continved)
WARNINGS and PRECAUTIONS

« Malignancies, some fatal, have been reported among children, adolescents, and young adults
who received treatment with TNF-blocking agents (initiation of therapy < 18 years of age), of which
Humira is a member. Approximately half the cases were lymphomas, including Hodgkin's and
non-Hodgkin's lymphoma. The other cases represented a variety of different malignancies and
included rare malignancies usually associated with immunosuppression and malignancies that
are not usually observed in children and adolescents. The malignancies occurred after a median
of 30 months of therapy (range 1 to 84 months). Most of the patients were receiving concomitant
immunosuppressants. These cases were reported postmarketing and are derived from a variety
of sources including registries and spontaneous post marketing reports

« Inthecontrolled portions of clinical trials of all the TNF-blocking agents, more cases of lymphoma
have been observed among patients receiving TNF blockers compared to control patients. In
controlled trials in patients with rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis,
Crohn’s disease, and plaque psoriasis, 2 lymphomas were observed among 3853 Humira-treat-
ed patients versus 1 among 2183 control patients. In combining the controlled and uncontrolled
open-label portions of these clinical trials with a median duration of approximately 2 years, in-
cluding 6539 patients and over 16,000 patient-years of therapy, the observed rate of lymphomas
is approximately 0.11/100 patient-years. This is approximately 3-fold higher than expected in the
general population. Ratesin clinical trials for Humira cannot be compared to rates of clinical trials
of other TNF blockers and may not predict the rates observed in a broader patient population.
Patients with rheumatoid arthritis, particularly those with highly active disease, are at a higher
risk for the development of lymphoma. Cases of acute and chronic leukemia have been reported
in association with postmarketing TNF-blocker use in rheumatoid arthritis and other indications.
Evenin the absence of TNF-blocker therapy, patients with rheumatoid arthritis may be at a higher
risk (approximately 2-fold) than the general population for the development of leukemia

ADVERSE REACTIONS
Postmarketing experience

« Skin reactions: new or worsening psoriasis (all subtypes including pustular and palmoplantar)

Infliximab (Remicade) WARNINGS AND PRECAUTIONS Mar 2013
Skin cancer

« Melanoma and merkel cell carcinoma have been reported in patients treated with TNF blocker
therapy, including Remicade [see Adverse Reactions (6.2)]. Periodic skin examination is recom-
mended for all patients, particularly those with risk factors for skin cancer

Concurrent administration with other biological therapeutics

« Thereisinsufficientinformation regarding the concomitant use of Remicade with other biological
therapeutics used to treat the same conditions as Remicade. The concomitant use of Remicade
with these biologics is not recommended because of the possibility of an increased risk of infec-
tion

ADVERSE REACTIONS
Postmarketing experience

« Serious infections and malignancies, including melanoma and merkel cell carcinoma

Enbrel (Etanercept) Injection: ADVERSE REACTIONS- Postmarketing Experience: Sarcoidosis Dec 2012

Warning of ongoing safety review of TNF blockers and malignancy in children, adolescents, and 03 Nov 2011
young adults (30 years of age or younger). FDA is requiring the manufacturers of TNF blockers to
perform enhanced safety surveillance for these products

FDA notified healthcare professionals that the Boxed Warning for the entire class of Tumor Necrosis 07 Sep 2011
Factor-alpha (TNFa) blockers has been updated to include the risk of infection from two bacterial

TNF-alpha inhibitors for ankylosing spondylitis (Review) 103
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Table 8. Summary of warnings on the TNF-inhibitors from regulatory agencies (continved)
pathogens, Legionella and Listeria. In addition, the Boxed Warning and Warnings and Precautions
sections of the labels for all of the TNFa blockers have been revised so that they contain consistent
information about the risk for serious infections and the associated disease-causing pathogens

Patients treated with TNFa blockers are at increased risk for developing serious infections involv-
ing multiple organ systems and sites that may lead to hospitalizations or death due to bacterial,
mycobacterial, fungal, viral, parasitic, and other opportunistic pathogens

FDA continues to receive reports of a rare cancer of white blood cells (known as Hepatosplenic T- 04 Nov 2011
Cell Lymphoma or HSTCL, primarily in adolescents and young adults being treated for Crohn’s dis-
ease and ulcerative colitis with medicines known as tumor necrosis factors (TNF) blockers, aswell ~ and 14 Apr2011

as with azathioprine, and/or mercaptopurine. TNF blockers include Remicade (infliximab), Enbrel
(etanercept), Humira (adalimumab), Cimzia (certolizumab pegol) and Simponi (golimumab)

Label warnings added since 2000 for infliximab: hepatotoxicity; infections (pneumonia specifical-
ly added), lymphoma, tuberculosis, and other serious opportunistic infections including histoplas-
mosis, listeriosis, and pneumocystosis, malignancies

Label warnings added since 2000 for etanercept: serious infections leading to hospitalizations or
death, including bacterial sepsis and tuberculosis; recommendation to screen for latent tubercu-
losis infection before beginning Enbrel; lymphoma and other malignancies, including acute and
chronic leukemia

Label warnings added since 2000 for adalimumab: lymphoma and other malignancies; skin reac-
tions: new or worsening psoriasis (all sub-types including pustular and palmoplantar) ; serious in-
fections with the combined use of Humira (adalimumab) and anakinra, hypersensitivity reactions,
including anaphylaxis, and hematologic events, including pancytopenia and aplastic anemia

European Medicines Evaluation Agency (EMEA)

EPAR summary for the public: Adalimumab: Humira must not be used in patients with active tu- 14 Nov 2014
berculosis, other severe infections, or moderate to severe heart failure (an inability of the heart to
pump enough blood around the body) 03 Sep 2014

EPAR summary for the public: Etanercept: Enbrel must not be used in patients who have orareat 03 Nov 2000
risk of sepsis (when bacteria and toxins circulate in the blood and start to damage the organs), or in

patients with infections. Patients developing a serious infection should stop Enbrel treatment 23 0ct 2013

Revised public statement on Enbrel (etanercept) - Serious haematological reactions 1 Mar 2012

EPAR summary for the public: Golimumab: Simponi must not be used in people who are hyper-
sensitive (allergic) to golimumab or any of the other ingredients. It must not be used in patients
with tuberculosis, other severe infections, or moderate or severe heart failure (an inability of the
heart to pump enough blood around the body). Due to an increased risk of infection, patients tak-
ing Simponi must be monitored closely for infections, including tuberculosis, during and for up to
five months after treatment

The most serious side effects include serious infections, such as sepsis (blood infection), pneumo-
nia (lung infection), tuberculosis and infections due to fungi or yeasts, demyelinating disorders
(disorders suggesting damage to the protective sheath around nerves, such as changes to vision
and weak arms or legs), lymphoma (a type of cancer of the white blood cells), re-activation of he-
patitis B (a liver disease), congestive heart failure (a heart disease), lupus-like syndrome and blood
reactions

EPAR summary for the public: Infliximab: Remicade must not be used in patients who have ex-
perienced hypersensitivity (allergy) to infliximab in the past, or who are hypersensitive (allergic)

to mouse proteins or any of the other ingredients of Remicade. Remicade must not be used in pa-
tients with tuberculosis, other severe infections, or moderate or severe heart failure (an inability of
the heart to pump enough blood around the body)

Australian Adverse Drug Reactions

TNF-alpha inhibitors for ankylosing spondylitis (Review) 104
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Table 8. Summary of warnings on the TNF-inhibitors from regulatory agencies (continved)

Bulletin 16 Aug 2013
Golimumab: Infections

Serious and sometimes fatal infections due to bacterial (including sepsis and pneumonia), my-
cobacterial, invasive fungal, viral, protozoal, or other opportunistic pathogens have been reported
in patients receiving TNF-blockers including SIMPONI. Among opportunistic infections, tuberculo-
sis, histoplasmosis, aspergillosis, candidiasis, coccidioidomycosis, listeriosis, and pneumocystosis
were the most commonly reported with TNF-blockers. Patients have frequently presented with dis-
seminated rather than localized disease, and were often taking concomitant immunosuppressants
such as methotrexate (MTX) or corticosteroids. The concomitant use of a TNF-blocker and abata-
cept or anakinra was associated with a higher risk of serious infections; therefore, the concomitant
use of SIMPONI and these biologic products is not recommended

Tuberculosis

Cases of reactivation of tuberculosis or new tuberculosis infections have been observed in patients
receiving TNF-blockers, including Simponi

Hepatitis B virus reactivation

The use of TNF-blockers including SIMPONI has been associated with reactivation of hepatitis B
virus (HBV) in patients who are chronic hepatitis B carriers (i.e. surface antigen positive). Patients
should be tested for Hepatitis B virus (HBV) infection before initiating treatment with immunosup-
pressants, including Simponi

Malignancies

The potential role of TNF-blocking therapy in the development of malignancies is not known. Cau-
tion should be exercised when considering TNF-blocking therapy for patients with a history of ma-
lignancy or when considering continuing treatment in patients who develop malignancy

Paediatric Malignancy

Post-marketing cases of malignancies, some fatal, have been reported among children, adoles-
cents and young adults (up to 22 years of age) who received TNF-blocking agents (initiation of ther-
apy < 18 years of age) to treat Juvenile Idiopathic Arthritis (JIA), Crohn’s disease or other conditions

Lymphoma

In the controlled portions of clinical trials of all the TNF-blocking agents including Simponi, more
cases of lymphoma have been observed among patients receiving anti-TNF treatment compared
with control patients

Leukaemia

Cases of acute and chronic leukaemia have been reported with postmarketing TNF-blocker use in
rheumatoid arthritis and other indications

Skin cancers

Melanoma has been reported in patients treated with TNF blocking agents, including Simponi.
Merkel cell carcinoma has been reported in patients treated with other TNF-blocking agents

Congestive Heart Failure

Cases of worsening congestive heart failure (CHF) and new onset CHF have been reported with
TNF-blockers including SIMPONI. Cases of CHF in patients with known cardiovascular risk factors
have been observed with Simponi

Neurological events

Use of TNF-blocking agents has been associated with cases of new onset or exacerbation of clini-
cal symptoms and/or radiographic evidence of central nervous system demyelinating disorders,

TNF-alpha inhibitors for ankylosing spondylitis (Review) 105
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Table 8. Summary of warnings on the TNF-inhibitors from regulatory agencies (continved)

including multiple sclerosis (MS) and peripheral demyelinating disorders, including Guillain-Barré
syndrome

Haematological cytopaenias

There have been post-marketing reports of pancytopaenia, leukopaenia, neutropaenia, aplastic
anaemia, and thrombocytopaenia in patients receiving TNF-blockers. Cytopaenias including pan-
cytopaenia, have been infrequently reported with Simponi in clinical trials

Drug-induced lupus erythematosus (June 2009): An emerging association with TNF inhibitors June 2009
TNA-alpha inhibitors (Dec. 2006): While extremely effective, TNF inhibitors are associated with sev- Dec 2006
eral serious reactions. These include:
- Hypersensitivity reactions - immediately post-injection or delayed
- Serious and life-threatening infection and sepsis
- Recrudescence of tuberculosis and other granulomatous diseases
- Reactivation of hepatitis B
- Malignancy, including lymphoma
- Haematological reactions such as pancytopenia and aplastic anaemia
- Autoimmunity - e.g. drug-induced lupus
- CNS reactions, including demyelinating disorders and seizures
- New-onset heart failure or worsening of advanced heart failure
UK MHRA Medicines and Healthcare products Regulatory Agency: Drug Safety Updates (for-
merly Current Problems in Pharmacovigilance)
- letter to healthcare providers re: reports of hepatosplenic T-cell lymphoma in patients treated July 2008
with Humira® (adalimumab)
20 Dec 2000

- congestive cardiac failure, cardiomyopathy, the frequency of blood dyscrasias, demyelination, in-
fections, adult respiratory distress syndrome and TB should be kept under close monitoring by the
MA (marketing authorization) holder

Highlight of the European Agency for the Evaluation of Medicinal Products (EMEA) public statement
regarding tuberculosis (TB) or other opportunistic infections following infliximab (Remicade) ther-
apy. “Prescribers and patients who are receiving Remicade need to be aware of the risk of develop-
ing infections upon starting therapy and to be especially vigilant for signs of infection throughout
treatment. If active TB is suspected (persistent cough, wasting/weight loss, low grade fever), Remi-
cade treatment should be withheld until the infection has been treated”

DMARDs: Disease-modifying anti-rheumatic drugs
JIA: Juvenile idiopathic arthritis
TB: tuberculosis

APPENDICES

Appendix 1. MEDLINE search
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R)

1 exp spondylitis, ankylosing/
2 exp spondylarthropathies/
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3 (ankylosing or spondyl$).tw.

4 (bekhterev or bechterew).tw.
54o0rlor3or2

6 exp Receptors, Tumor Necrosis Factor/
7 exp tumor necrosis factor/

8 exp Antibodies, Monoclonal/

9 anti-tumo?r necrosis factor$.sh,rn,tw.
10 antitumo?r necrosis factor$.sh,rn,tw.
11 anti-tnf.sh,rn,tw.

12 antitnf.sh,rn,tw.

13 etanercept.sh,rn,tw.

14 enbrel.sh,rn,tw.

15 infliximab.sh,rn,tw.

16 remicade.sh,rn,tw.

17 adalimumab.sh,rn tw.

18 humira.sh,rn,tw.

19 or/6-18

205and 19

21 randomized controlled trial.pt.

22 controlled clinical trial.pt.

23 randomized.ab.

24 placebo.ab.

25 drug therapy.fs.

26 randomly.ab.

27 trial.ab.

28 groups.ab.

2927o0r250r28 or21or26or22or24o0r23
30 (animals not (humans and animals)).sh.
3129 not30

3220and 31

33 from 32 keep 1-10

Appendix 2. Additional search strategies (January 2009 search)

Database: EMBASE <1980 to 2009 Week 04>
Search Strategy:

1 exp Spondylitis/ (10156)

2 (ankylosing or spondyl$).mp. (21570)

3 (bekhterev or bechterew).mp. (201)

4 0r/1-3 (21620)

5 exp Tumor Necrosis Factor Receptor/ (5586)
6 exp Tumor Necrosis Factor/ (19676)

7 exp Monoclonal Antibody/ (170176)

8 anti-tumo?r necrosis factor$.mp. (1439)
9 anti-tnf.mp. (3283)

10 etanercept.mp. (7693)

11 enbrel.mp. (1723)

12 infliximab.mp. (11164)

13 remicade.mp. (2218)

14 exp adalimumab/ (3580)

15 humira.sh,rn,tw. (966)

16 trudexa.sh,rn,tw. (10)

17 Monoclonal antibody D2e7.rn tw. (4)
18 or/5-17 (195408)

194 and 18 (1592)

20 random§.ti,ab. (388596)

21 factorial$.ti,ab. (8106)

22 (crossovers$ or cross over$ or cross-over$).ti,ab. (39123)
23 placebo$.ti,ab. (108834)

24 (doubl$ adj blind$).ti,ab. (84015)

25 (singl$ adj blind$).ti,ab. (7379)
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26 assign$.ti,ab. (107363)

27 allocatS.ti,ab. (33957)

28 volunteerS$.ti,ab. (98245)

29 crossover procedure.sh. (20893)

30 double blind procedure.sh. (71118)

31 randomized controlled trial.sh. (164870)
32 single blind procedure.sh. (7912)

33 0r/20-32 (652278)

34 exp animal/ or nonhuman/ or exp animal experiment/ (3407483)
35 exp Spondylitis/ (10156)

36 (ankylosing or spondyl$).mp. (21570)
37 (bekhterev or bechterew).mp. (201)

38 or/35-37 (21620)

39 exp Tumor Necrosis Factor Receptor/ (5586)
40 exp Tumor Necrosis Factor/ (19676)

41 exp Monoclonal Antibody/ (170176)

42 anti-tumo?r necrosis factor$.mp. (1439)
43 anti-tnf.mp. (3283)

44 etanercept.mp. (7693)

45 enbrel.mp. (1723)

46 infliximab.mp. (11164)

47 remicade.mp. (2218)

48 exp adalimumab/ (3580)

49 humira.sh,rn,tw. (966)

50 trudexa.sh,rn,tw. (10)

51 Monoclonal antibody D2e7.rn,tw. (4)

52 or/39-51 (195408)

5338 and 52 (1592)

54 randomS$.ti,ab. (388596)

55 factorial$.ti,ab. (8106)

56 (crossover$ or cross over$ or cross-over$).ti,ab. (39123)
57 placebo$.ti,ab. (108834)

58 (doubl$ adj blind$).ti,ab. (84015)

59 (singl$ adj blind$).ti,ab. (7379)

60 assign$.ti,ab. (107363)

61 allocatS.ti,ab. (33957)

62 volunteer$.ti,ab. (98245)

63 crossover procedure.sh. (20893)

64 double blind procedure.sh. (71118)

65 randomized controlled trial.sh. (164870)
66 single blind procedure.sh. (7912)

67 or/54-66 (652278)

68 53 and 67 (230)

69 from 68 keep 1 (1)

Database: EBM Reviews - Cochrane Central Register of Controlled Trials <4th Quarter 2008> Search Strategy:

1 exp Spondylarthropathies/ (363)

2 (ankylosing or spondyl$).ti,ab. (668)
3 (bekhterev or bechterew).ti,ab. (4)

4 0r/1-3 (790)

5 exp Receptors, Tumor Necrosis Factor/ (417)
6 exp Tumor Necrosis Factors/ (1445)

7 exp Antibodies, Monoclonal/ (1920)

8 anti-tumor necrosis factor$.ti,ab. (88)
9 antitumor necrosis factor$.ti,ab. (2)
10 anti-tnf.ti,ab. (121)

11 antitnf.ti,ab. (1)

12 etanercept.ti,ab. (224)

13 enbrel.ti,ab. (25)

14 infliximab.ti,ab. (256)

15 remicade.ti,ab. (10)
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16 adalimumab.ti,ab. (73)
17 humira.ti,ab. (4)

186o0rllor7or9orl7orl2orl50rl4or8oril6or10ori13or5(3597)

194 and 18 (89)
20 from 19 keep 1 (1)

Database: CLEED, CDSR, ACP Journal Club, DARE, CLHTA Search Strategy:

1 exp Spondylarthropathies/ (40)

2 (ankylosing or spondyl$).ti,ab. (61

)

3 (bekhterev or bechterew).ti,ab. (0)

4 0r/1-3 (74)

5 exp Receptors, Tumor Necrosis Factor/ (43)

6 exp Tumor Necrosis Factors/ (57)
7 exp Antibodies, Monoclonal/ (237
8 anti-tumor necrosis factor$.ti,ab.

)
(

4)

9 antitumor necrosis factor$.ti,ab. (1)

10 anti-tnf.ti,ab. (9)

11 antitnf.ti,ab. (0)

12 etanercept.ti,ab. (70)
13 enbrel.ti,ab. (2)

14 infliximab.ti,ab. (91)
15 remicade.ti,ab. (5)

16 adalimumab.ti,ab. (30)
17 humira.ti,ab. (4)

186o0rllor7or9orl7orl2orl5o0rl4or8orl6or10or13orb5(363)

194 and 18 (26)
20 from 19 keep 1-26 (26)
21 from 20 keep 1 (1)

Web of Knowledge 1900-2008

#5 #4AND#3

#4  TS=(trial* orrandom* or placebo* or control* or double or treble or triple or blind* or mask* or allocat* or prospective* or volunteer*or
comparative or evaluation or follow-up or followup)

#3  #2AND #1

#2 TS=(tumor necrosis factor* or tumour necrosis factor* or monoclonal antibod* or anti-tnf or antitnf or etanercept or enbrel or

infliximab or remicade)

#1  TS=(ankylos* or spondyl*)

CINAHL
S12 S4and S11
S11 S5 or S6 or S7 or S8 or S9 or S10
S10 TX etanercept or TX enbrel or TX infliximab or TX remicade or TX adalimumab or TX humira
S9 (MH "etanercept+")
S8 TX "anti-tnf" or TX antitnf
S7 TX "anti-tumor necrosis factor*" or TX "anti-tumour necrosis factor*" or TX "antitumor necrosis fac-
tor*" or TX "antitumour necrosis factor*"
S6 (MH "Antibodies, Monoclonal")
TNF-alpha inhibitors for ankylosing spondylitis (Review) 109
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(Continued)

S5 (MH "Tumor Necrosis Factor")
S4 (S1orS2orS3)

S3 TX (bekhterev or bechterew)
S2 TX (ankylosing or spondyl*)

S1 (MH "Spondylarthropathies+")

Appendix 3. Updated search strategy (October 2013, including golimumab)
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) <1946 to Present>

Search Strategy:

1 Spondylitis, Ankylosing/ (11743)

2 (bekhterev* or bechterew®).tw. (669)

3 (ankylosing adj (spondyl$ or rheumatoid)).tw. (9939)
40r/1-3 (14314)

5 etanercept.sh,rn,tw. (4782)

6 enbrel.sh,rn,tw. (219)

7 infliximab.sh,rn,tw. (10011)

8 remicade.sh,rn,tw. (227)

9 adalimumab.sh,rn tw. (5447)

10 humira.sh,rn,tw. (186)

11 Simponi.sh,rn,tw. (9)

12 Golimumab.sh,rn,tw. (335)

13 or/5-12 (15002)

14 4 and 13 (1224)

15 meta-analysis.mp,pt. (80626)

16 search.tw. (181139)

17 systematic review.tw. (46201)

18 medline.tw. (63445)

19 cochrane database of systematic reviews.jn. (18098)
20 or/15-19 (273222)

21 randomized controlled trial.pt. (388158)
22 controlled clinical trial.pt. (89760)

23 randomized.ab. (303172)
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24 placebo.ab. (163015)

25 clinical trials as topic.sh. (175009)

26 randomly.ab. (214577)

27 trial.ti. (130732)

28 0r/21-27 (928846)

29 exp animals/ not humans.sh. (4050087)

3028 not 29 (858635)

3114 and 30 (319)

3214 and 20 (58)

3311 0r12(335)

Database: Embase ClassictEmbase <1947 to 2013 October 09>

Search Strategy:

1 (bekhterev* or bechterew*).tw. (1228)
2 (ankylosing adj (spondyl$ or rheumatoid)).tw. (14716)
3 ankylosing spondylitis/ (20512)

4 0r/1-3 (22655)

5 etanercept/ (16881)

6 (enbrel or etanercept).tw. (8641)

7 infliximab/ (26746)

8 (remicade or infliximab).tw. (13987)
9 adalimumab/ (13106)

10 (adalimumab or humira).tw. (7067)
11 golimumab/ (1576)

12 (Golimumab or Simponi).tw. (830)
13 or/5-12 (36950)

14 4 and 13 (3140)

15 randomized.tw. (399359)

16 meta-analysis.tw. (60911)

17 systematic review.tw. (52090)

18 or/15-17 (473294)

19 random$.tw. (872666)

20 factorial$.tw. (22787)

21 crossoverS$.tw. (49676)

22 cross over.tw. (22540)
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23 cross-over.tw. (22540)

24 placebo$.tw. (205650)

25 (doubl$ adj blind$).tw. (150905)
26 (singl$ adj blind$).tw. (14326)

27 assign$.tw. (239903)

28 allocatS.tw. (82346)

29 volunteer$.tw. (184925)

30 crossover procedure/ (38960)

31 double blind procedure/ (122751)
32 randomized controlled trial/ (360167)
33 single blind procedure/ (18364)
34 0r/19-33 (1431673)

3514 and 18 (288)

36 14 and 34 (501)

37110r12(1626)

384 and 37 (423)

3934 and 38 (67)

40 18 and 38 (53)

4139 or 40 (74)

Cochrane Library 2013 Issue 9

ID Search

#1 MeSH descriptor: [Spondylarthropathies] this term only
#2 ankylosing or spondyl:ti,ab

#3 bekhterev or bechterew:ti,ab

#4 MeSH descriptor: [Receptors, Tumor Necrosis Factor] this term only
#5 MeSH descriptor: [Tumor Necrosis Factors] this term only
#6 MeSH descriptor: [Antibodies, Monoclonal] this term only
#7 anti-tumor necrosis factor:ti,ab

#8 anti-tnf:ti,ab

#9 antitnf:ti,ab

#10 etanercept:ti,ab

#11 enbrel:ti,ab

#12 infliximab:ti,ab

#13 remicade:ti,ab

#14 adalimumab:ti,ab
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#15 humira:ti,ab

#16 (golimumab or simponi):ti,ab

#17 #1 or #2 or #3

#18 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#19 #17 and #18

CINAHL via Ebscohost

2012-2013
S14 S10RS2
S13 S3 0ORS40RS50R S6 ORS7 OR S8 OR S9 OR S10 OR S11 or S12
S12 "simponi"
S11 "golimumab"
S10 "humira"
S9 "humira"
S8 "adalimumab"
S7 (MH "Adalimumab")
S6 "remicade"
S5 (MH "Infliximab")
S4 "enbrel"
S3 (MH "Etanercept")
S2 "(bekhterev or bechterew)"
S1 (MH "Spondylitis, Ankylosing")

Database: Web of Science - Oct 09, 2013
Search Strategy

Topic=(ankylosing spondylitis) AND Topic=(( anti-tnf or etanercept or enbrel or infliximab or remicade or adalimumab or humira or
golimumab or simponi))

Timespan= Limited to 2012-2013
Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH.
Refined by document type (Meeting or Abstract)
HISTORY

Protocol first published: Issue 3, 2005
Review first published: Issue 4, 2015
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Date Event Description
11 November 2008 Amended Converted to new review format
20 May 2005 New citation required and conclusions Substantive amendment

have changed
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

For the primary analysis of the major outcomes in this review, we conducted Bayesian mixed treatment comparison meta-analyses using
WinBUGS software. We added golimumab to the included interventions. We selected seven major outcomes for inclusion in the 'Summary
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of findings' table after discussions with ankylosing spondylitis experts in the Assessment of SpondyloArthritis international Society and
reported on only these seven. The original protocol outcomes are listed below.

Primary and secondary outcome measures will be based on the DC-ART Ankylosing Spondylitis Working Group Core Set (van der Heijde
1997) and the International ASAS consensus statement for the use of TNF-alpha inhibitors in patients with AS (Braun 2003). Secondary
outcomes will be proportion of responders based on either the ASAS measures (ASAS20 (Anderson 2001), ASAS40 and/or ASAS 5 of 6
(Brandt 2004)), or on any alternative response criteria formulated by the authors. Additional outcomes including quality of life measures,
other imaging outcomes and reduction of other medications will also be recorded. Finally, adverse events will be reported separately,
distinguishing between withdrawal due to adverse events and withdrawal due to inefficacy of therapy.

Primary outcomes:

Physical function

Spinal Pain

Spinal stiffness (duration of morning stiffness)
Spinal mobility

Patient global assessment

Peripheral joint/enthesis inflammation
Changes in spine radiographs

Fatigue

Acute phase reactants (erthyrocyte sedimentation rate (ESR), C-reactive protein (CRP))
Disease activity (BASDAI)Secondary outcomes:
ASAS20 response

ASAS40 response

ASAS 5 out of 6 responseOther:

Changes in hip radiograph

Physician global assessement

Quality of life

MRI evidence of suppression of inflammation
Reduction of steroid or NSAID use

Adverse effects:

Data will be collected on:

a) Total withdrawals

b) Withdrawals due to adverse effects

¢) Withdrawals due to inefficacy

d) Any reported adverse effects such as infections, allergic reactions

We followed the latest methods as outlined in the Cochrane Handbook (Higgins 2011) and therefore used the GRADE criteria to assess
the quality of the evidence rather than the grading system described in the 2004 book Evidence-based Rheumatology (Tugwell 2004) as
stated in the protocol.

INDEX TERMS

Medical Subject Headings (MeSH)

Adalimumab; Anti-Inflammatory Agents, Non-Steroidal [therapeutic use]; Antibodies, Monoclonal [therapeutic use]; Antibodies,
Monoclonal, Humanized [therapeutic use]; Etanercept; Immunoglobulin G [therapeutic use]; Infliximab; Randomized Controlled Trials
as Topic; Receptors, Tumor Necrosis Factor [therapeutic use]; Spondylitis, Ankylosing [*drug therapy]; Tumor Necrosis Factor-alpha
[*antagonists & inhibitors]

MeSH check words

Humans
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