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Abstract Biological agents directed against tumor necro-
sis factor (TNF) represent therapeutic options for patients
with ankylosing spondylitis with high disease activity
despite use of non-steroidal anti-inflammatory drugs. To
evaluate the efficacy and safety of the anti-TNF agents inf-
liximab, etanercept, adalimumab, golimumab, and certo-
lizumab for the treatment of ankylosing spondylitis, we
performed a systematic review of randomized clinical trials
on adult patients with ankylosing spondylitis using articles
culled from the EMBASE, MEDLINE, Cochrane Controlled
Trials Register and LILACS databases (September/2012),
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manual literature search, and the gray literature. Study
selections and data collection were performed by two inde-
pendent reviewers, with disagreements solved by a third
reviewer. The following outcomes were evaluated: ASAS 20
response, disease activity, physical function, vertebral
mobility, adverse events, and withdraws. The meta-analysis
was performed using the Review Manager® 5.1 software by
applying the random effects model. Eighteen studies were
included in this review. No study of certolizumab was
included. Patients treated with anti-TNF agents were more
likely to display an ASAS 20 response after 12/14 weeks (RR
2.21; 95 % CI 1.91; 2.56) and 24 weeks (RR 2.68; 95 % CI
2.06; 3.48) compared with controls, which was also true for
several other efficacy outcomes. Meta-analysis of safety
outcomes and withdraws did not indicate statistically sig-
nificant differences between treatment and control groups
after 12 or 30 weeks. Adalimumab, infliximab, etanercept,
and golimumab can effectively reduce the signs and symp-
toms of the axial component of ankylosing spondylitis.
Safety outcomes deserve further study, especially with
respect to long-term follow-ups.

Keywords Ankylosing spondylitis - TNF blockers -
Systematic review - Meta-analysis

Introduction

Ankylosing spondylitis (AS) is a theumatic disease and its
clinical manifestations include lumbar inflammation and
enthesitis as well as increased spinal stiffness and loss of
spinal mobility. Furthermore, 20-30 % of patients with AS
are also affected by peripheral arthritis, which is charac-
terized by asymmetric oligoarthritis of the lower extremities
and generally signals a worsening of AS symptoms [1, 2].
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In Europe, the prevalence of AS (which is more fre-
quently observed in men than in women) varies from 0.1 to
1.4 %, with incidences reaching as high as 7 in every
100,000 adults in some areas. Approximately 80 % of
patients develop their first symptoms before the age of 30,
whereas <5 % develop initial symptoms after the age of 45
[1, 3]. Progression of the disease can cause physical inca-
pacity, leading to lost work days, unemployment, or even
early retirement due to disability. A study conducted in the
Netherlands showed that among male patients with AS,
only 69.5 % were employed, compared with 78.8 % of the
general male population. As AS primarily affects young
adults of working age, this disease can have significant
socioeconomic impacts [4, 5].

An effective AS treatment would control symptoms and
mitigate structural damage to maintain patient functionality
and improve quality of life [6]. Non-steroidal anti-inflamma-
tory drugs (NSAID) are the first line of pharmacological
treatment. Disease-modifying antirheumatic drugs (DMARD)
and intra-articular injections of glucocorticoids in patients with
peripheral arthritis may also be considered, although there is no
evidence to support the use of these medications in axial dis-
eases. The use of biological agents directed against tumor
necrosis factor (TNF) is another option for patients with ele-
vated disease activity, despite conventional treatment [7].

Although results from a number of clinical trials support
the use of anti-TNF agents in the treatment of AS, further
meta-analysis of these studies could strengthen this evi-
dence, as well as providing more robust information for
physicians to determine the most appropriate therapies [8,
9]. The most recent systematic review published on this
subject described the benefits of anti-TNF agents, although
the search of studies was completed in 2009 [8]. Contin-
uous updates can aggregate data from new studies.
Therefore, we performed a systematic review including
meta-analysis of randomized clinical trials on adult patients
with active AS to evaluate the efficacy and safety of
treatment with five TNF blockers: infliximab, etanercept,
adalimumab, golimumab, and certolizumab.

Methods

This systematic review was carried out according to the
recommendations of the Cochrane Collaboration Hand-
book and is reported in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
ysis (PRISMA) [9, 10].

Eligibility criteria

Only randomized clinical trials (RCT) with adult patients
diagnosed with active AS, as defined by the modified New
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York criteria, were included in this analysis [11]. We
considered studies comparing treatment with infliximab,
etanercept, adalimumab, golimumab, and certolizumab
either alone or in combination with other medications,
against control groups. These studies were published in
Portuguese, English, and Spanish.

Studies search

Several article searches were performed in EMBASE,
MEDLINE, Cochrane Controlled Trials Register, and
LILACS (September/2012). Various combinations of terms
were used to search these electronic databases, including
terms referring to the disease, to interventions, and to the
type of study. Appropriate MESH (Medical Subject
Headings) terms were used to carry out a sensitive search
for clinical trials in the MEDLINE database. The complete
search strategies are provided in ESM Appendix 1. We also
performed manual search of references included in the
identified studies as well as in systematic reviews.

In addition, we performed gray literature search,
including the following sources: congress abstracts from
the American College of Rheumatology (2010 and 2011)
and the European League Against Rheumatism (2010,
2011 and 2012); clinical trials registered at ClinicalTri-
als.gov, Pharmaceutical Industry Clinical Trials database,
Center Watch Clinical Trials Listing Service, Community
Research & Development Information Service, Interna-
tional Clinical Trials Registry Platform Search Portal and
Brazilian Clinical Trials Registry; theses and dissertations
archived in the Brazilian Digital Library of Theses and
Dissertations, the Digital Library of Theses and Disserta-
tions of USP (University of Sdo Paulo), and ProQuest
Dissertation & Theses Database.

Study selection and data collection processes

The study selection process was performed in three phases
by two independent reviewers (MAAM, MMB) and
included analyses of titles, abstracts, and whole texts.
Dissimilar results were analyzed by a third reviewer
(AMA). Data collection was performed by two indepen-
dent researchers (MAAM, MMB). A standardized form
was used to compile information regarding study design,
populations, disease duration, prior or concomitant use of
DMARD, NSAID, and/or glucorticoids, as well as inter-
ventions and outcomes. When necessary, the authors were
contacted for additional information.

The primary outcome was the ASAS 20 response, which
is defined by the Assessment of SpondyloArthritis inter-
national Society (ASAS) as a reduction by at least 20 %
and 10 units (visual analog scale from 0 to 100) in at least
three of the following domains: patient global assessment,
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lumbar pain, physical function, and inflammation (without
a worsening of >20 % and 10 units in the remaining fourth
domain). The secondary outcomes were the ASAS 40
response, which is defined as an improvement of at least
40 % and 20 units in three of the above domains (without a
worsening in the fourth), and the ASAS 5/6 response,
which is defined as an improvement >20 % in five of the
six following domains: patient global assessment, lumbar
pain, physical function, inflammation, C-reactive protein
(or erythrocyte sedimentation rate), and vertebral mobility
[12]. The other secondary outcomes were partial remission
according to ASAS criteria (reductions of at least 20 units
in the above four domains), the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI), the BASDAI 50
response (a 50 % improvement on the BASDAI), the Bath
Ankylosing Spondylitis Functional Index (BASFI), the
Bath Ankylosing Spondylitis Metrology Index (BASMI),
withdraws and safety outcomes.

Assessing for methodological quality and risk of bias

Evaluations of methodological quality and risk of bias were
performed independently by two reviewers (MAAM,
VEA), and disagreements between the two were solved by
consensus. Methodological quality was assessed using the
modified Jadad scale, in which a study is given a score
ranging from O to 6, with 6 representing trials of the highest
quality. Risk of bias was assessed according to the rec-
ommendations of the Cochrane Collaboration, with each
domain classified as having either a low, high or unclear
risk of bias (i.e., the information in the report was insuf-
ficient to classify it as either high or low risk). These two
metrics evaluate methodological aspects such as randomi-
zation, blinding, and withdraws [13, 14]. Inter-examiner
concordances were found to be substantial, with x = 0.73
(SD = 0.70) and ¥ = 0.77 (SD = 0.65) for the modified
Jadad scale and risk of bias, respectively [15].

Meta-analysis

The meta-analysis was carried out using Review Manager®
5.1 software. Continuous data were analyzed as a mean
difference and dichotomous data were reported as relative
risk, with both 95 % confidence intervals.

We analyzed the reasons of possible clinical heteroge-
neity according to differences in methodological quality,
characteristics of participants, and intervention. Therefore,
we assumed that the clinical heterogeneity was present
among the included studies because of the differences
related to type of anti-TNF, disease duration, medications
allowed during the study and quality scores. A random
effects model was chosen for the analysis due to the fact it
yields a more conservative estimation of the results.

Statistical heterogeneity was considered to exist if the Chi-
square test yielded a value of p < 0.10 and/or the I” sta-
tistic was >40 %. In positive cases, factors that could
potentially influence heterogeneity were investigated [16].
Meta-analysis was performed at the time of 12 and
30 weeks of follow-up, with subgroups for each anti-TNF
agent. Sensitivity analysis was performed to determine the
influence of the following variables on our results: conflicts
of interest, a modified Jadad score of <5, a high or unclear
risk of bias related to random sequence generation and
allocation concealment, disease duration, concomitant use
of other medications, and patients with prior failed NSAID
treatments. The existence of a publication bias for the
meta-analysis was examined using a funnel plot.

Quality of evidence

The quality of evidence from this systematic review was
determined using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) for
the primary outcome (considering only the studies included
in the meta-analysis). The GRADE contains evaluation of
the risk of bias in the included studies, the precision and
consistency of the results, the presence of indirect evi-
dence, and the presence of publication bias [17, 18].

Results

A total of 1,382 articles were retrieved from various
electronic databases as well as two additional articles from
manual search. Following the elimination of duplicates and
analysis by the reviewers, 27 articles were included in this
analysis, representing 18 randomized clinical trials
(Fig. 1). Two trials compared the effects of adalimumab
with placebo [19-25]. Seven compared the effects of eta-
nercept with placebo and one trial compared the effects of
etanercept to sulfasalazine [26-35]. Five studies evaluated
the effects of infliximab with placebo and one study eval-
vated the effects of infliximab and methotrexate versus
methotrexate and placebo [36—43]. One trial studied the
effects of golimumab versus placebo [44]. Finally, one
study assessed the effects of infliximab versus etanercept
(Table 1) [45]. No study about certolizumab was found.
All of the included studies were randomized and double-
blind, with the exception of the study by Giardina et al.
[45]. Disease duration for the patients varied from 7 to
20 years; these data were not available in the study by
Barkham et al. [40] in which it was only reported that the
patients had approximately 1 year of lumbar pain prior to
the study. The study by Giardina et al. [45] reported data
from the longest follow-up period (104 weeks), whereas
the other trials varied between 6 and 30 weeks. The use of
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Results of the search: 1382 |Mam.|al search: 2|
PubMed: 814
Lilacs: 14
Embase: 446
Central: 108

t

Total articles included in the searches: 1384

I_,. Duplicates: 58

Total articles Included after removal of

duplicates: 1326

]_.

1

Total articles included by title: 552

Excluded by title: 774
Reason for exclusion:

Excluded by type of study. 553
Excluded by type of participant: 45
Excluded by type of intervention: 32
Excluded by type of outcome: 144

Total articles included by abstract: 124

Excluded by abstract: 428
Reason for exclusion;

Excluded by type of study: 367
Excluded by type of participant: 04
Excluded by type of intervention: 44
Excluded by type of outcome: 13

Adalimumab; 07
Etanercept: 10
Infliximab: 08

Golimumab: 01

Total articles included by complete text: 27

Etanercept + inflikimab: 01

Excluded by complete text: 97
Reason for exclusion:

Excluded by type of study: 88
Excluded by type of participant 02
Excluded by type of outcome: 06
Not Found: 01

Fig. 1 A diagram showing the selection process for articles used in this systematic review. Reasons for exclusion are also indicated
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Table 1 continued

Random Allocation

sequence

Modified
Jadad
score

Medications allowed
during the study

Time of

Age (years) Male Disease

Number of
patients

Study

concealment

follow-up
(weeks)

duration
(years)

patients
N (%)

generation

Infliximab versus etanercept

Unclear

Unclear

NI

104

50
25

Giardina et al. [45]

15.7 (6.5)
15.4 (10.6)

20 (80)
19 (76)

32.6 (6.8)

31.9 (9.2)

ETA 50 mg 1 x weekly
IFX 5 mg/Kg

25

Average (standard deviation) values for age and disease duration are shown, except when otherwise indicated

NSAID non-steroidal anti-inflammatories, DMARD disease-modifying antirheumatic drugs, NI no information, MTX methotrexate, SSA sulfasalazine, HCQ hydroxychloroquine

% Median value (standard deviation)

° Average (amplitude)

¢ Median (amplitude)

4 Median (interquartile interval)

¢ indicates the time of lumbar pain

other medications in addition to the anti-TNF agents was
allowed for patients who had been using them prior to the
study, and stable doses were generally maintained. Varia-
tions existed in the types of medications used during these
studies as well as among the patients in each trial (Table 1).
The Canadian AS, ASCEND, and Maksymowych et al.
studies included patients who had failed treatment with
NSAID [24, 25, 34, 35, 42]. The GO-RAISE study included
subjects with inadequate response to NSAID or DMARD,
whereas the other studies did not report this criterion [44].
None of the studies considered patients who had prior failed
treatment with anti-TNF agents.

The average modified Jadad score was 5.0, with the
majority of studies having high-quality scores (i.e., 5 or 6)
[19-29, 32-41, 43, 44]. The studies by Giardina et al. [45]
and Maksymowych et al. [42] each received a score of 3,
the former for not being double-blind, and the latter for not
describing the reasons for withdraws (Table 1).

Five studies showed low risks of bias related to random
sequence generation and allocation concealment (Table 1)
[26, 28, 34-36, 43, 44]. All of the studies were identified as
randomized but thirteen trials did not describe the method
of randomization nor how the allocation sequence was
protected from the researchers, and therefore, they were
classified as having an unclear risk of bias. All of the
studies showed a low risk of bias with respect to the
blinding of participants and personnel and blinding of
outcome assessment, with the exception of the study by
Giardina et al. [45]. No study showed a high or unclear risk
of bias with respect to the criteria of incomplete outcome
data; Maksymowych et al. [42] reported equal withdraws
among the two groups (11.1 %), and therefore, despite the
lack of an explanation for these losses, this study was
classified as low risk. The ASSERT, ATLAS, Canadian
AS, ASCEND, SPINE, and GO-RAISE studies showed low
risks of bias with respect to selective reporting of out-
comes, whereas the other studies showed unclear risks of
bias [19-25, 33-35, 37-39, 44].

The majority of studies had sponsorship from the
pharmaceutical industry and/or their authors had conflicts
of interest within this sector. Braun et al. [36] declared no
conflict of interest, and Giardina et al. [45] did not present
this information.

Patients who used anti-TNF agents were more likely to
achieve ASAS 20 responses compared with patients from
control groups (Fig. 2). The relative risk (RR), with a 95 %
confidence interval (95 % CI), of reaching this outcome
after 12/14 weeks was 2.21 (1.91; 2.56) without significant
heterogeneity (I2 =0 % and p = 0.78) [19, 24, 27-30, 33,
41,42, 44]. After 24 weeks, the RR was 1.83 (95 % CI 1.15;
2.90) with high heterogeneity (I* = 84 % and p < 0.0001).
After excluding the ASCEND [34, 35] and Marzo-Ortega
et al. [43] studies, the heterogeneity became non-significant
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Anti-TNF Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Adalimumab
ATLAS-19 121 208 22 107 14.1% 2.83[1.92,4.18] -
Canandian AS Study-24 18 38 12 4 6.2% 1.74[0.97, 3.13] ™
Subtotal (95% CI) 246 151  20.3% 2.33 [1.45, 3.74] <&
Total events 139 34

Heterogeneity: Tau? = 0.06; Chi? = 1.89, df =1 (P =0.17); I? = 47%
Test for overall effect: Z = 3.50 (P = 0.0005)

1.1.2 Etanercept

Brandt (2003)-28 11 14 4 16 2.7%
Calin(2004)-29 27 45 9 39 5.6%
Davis(2003)-27 82 138 39 139 23.9%
SPINE-33 25 39 14 43 8.9%
van der Hejide (2006)-30 222 305 19 51 16.3%
Subtotal (95% CI) 541 288 57.4%
Total events 367 85

Heterogeneity: Tau? = 0.00; Chi? = 1.45, df =4 (P = 0.84); I? = 0%
Test for overall effect: Z = 7.65 (P < 0.00001)

1.1.3 Infliximab

Inman(2010)-41 21 39 11 37  6.5%
Maksymowych(2010)-42 11 16 6 16 4.2%
Subtotal (95% Cl) 55 53 10.7%
Total events 32 17

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df =1 (P = 0.98); I? = 0%
Test for overall effect: Z =2.62 (P = 0.009)

1.1.4 Golimumab

GO-RAISE-44 166 278 17 78 11.5%
Subtotal (95% CI) 278 78 11.5%
Total events 166 17

Heterogeneity: Not applicable
Test for overall effect: Z = 4.58 (P < 0.00001)

Total (95% CI) 1120 570 100.0%
Total events 704 153

Heterogeneity: Tau? = 0.00; Chi? = 5.60, df =9 (P = 0.78); I? = 0%
Test for overall effect: Z=10.63 (P < 0.00001)

Test for subgroup differences: Chi? = 1.84, df =3 (P = 0.61), I’=0%

Fig. 2 Meta-analysis of ASAS 20 responses after 12 weeks of follow-up

(I2 = 0 % and p = 0.63), whereas the effects of the anti-
TNF agents remained significant (RR = 2.68; 95 % CI
2.06; 3.48) (Fig. 3) [24, 27, 34, 37, 43].

The golimumab presented the highest RR for ASAS 20
response (2.74, 95 % CI 1.78; 4.22), followed by ada-
limumab (RR 2.33, 95 % CI 1.45; 3.74), etanercept (RR
2.13, 95 % CI 1.75; 2.58), and infliximab (RR 1.82, 95 %
CI 1.16; 2.58). However, these values are similar with each
other and the GO-RAISE study [44] estimated this outcome
at week 14, whereas the others valued it at week 12. After
24 weeks, only one study of each medicine remained in the
meta-analysis and the highest RR was related to infliximab
(RR 3.18 95 % CI 1.99; 5.08), followed by etanercept (RR
2.53 95 % CI 1.80; 3.57) and adalimumab (RR 2.15 95 %
CI 0.96; 4.83).l The infliximab and etanercept results are
alike, while the 95 % CI for adalimumab is not significant.

! The GO-RAISE study presented the ASAS 20 response at week 24
only graphically and the exact value was unable to be obtained. We
contacted the authors to get more information.
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The same trend was observed with respect to the ASAS
40 response, the ASAS 5/6 response, and partial remission
during the 12/14- and 24-week periods. The ASCEND [34,
35] study was removed from the 24-week meta-analysis
due to high heterogeneity, although no changes in the
direction or significance of the results were observed after
its removal (Table 2). Patients who received treatment with
anti-TNF agents showed favorable responses on the disease
activity (BASDALI). After 12 weeks, the average difference
between the treatment and control groups was —1.64 (95 %
CI —2.06; —1.22) [19, 32, 33, 42], and after 30 weeks, the
mean difference was —1.79 (95 % CI —2.27; 1.31) without
significant heterogeneity [19, 37, 40, 43]. The meta-anal-
ysis showed benefits for the anti-TNF group with respect to
other metrics, physical function as determined by the
BASFI and vertebral mobility as determined by the BASMI
(Tables 2, 3). The RR to achieve BASDAI 50 response was
2.87 (95 % CI 2.23; 3.69) at 12/14 weeks and 3.39 (95 %
CI 2.46; 4.67) at 24 weeks, both with no significant
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Anti-TNF Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Adalimumab
Canandian AS Study-24 13 38 7 44 10.5% 2.15[0.96, 4.83] =
Subtotal (95% CI) 38 44  10.5% 2.15[0.96, 4.83] <>
Total events 13 7
Heterogeneity: Not applicable
Test for overall effect: Z =1.85 (P = 0.06)
1.2.2 Etanercept
ASCEND-34 287 378 99 187 Not estimable
Davis(2003)-27 78 138 31 139 58.2% 2.53[1.80, 3.57] L 3
Subtotal (95% CI) 138 139 58.2% 2.53 [1.80, 3.57] 2 2
Total events 78 31
Heterogeneity: Not applicable
Test for overall effect: Z =5.31 (P < 0.00001)
1.2.3 Infliximab
ASSERT-37 123 201 15 78 31.3% 3.18[1.99, 5.08] =
Marzo-Ortega (2005)-43 7 28 6 14 Not estimable
Subtotal (95% CI) 201 78  31.3% 3.18 [1.99, 5.08] <@
Total events 123 15
Heterogeneity: Not applicable
Test for overall effect: Z = 4.85 (P < 0.00001)
Total (95% CI) 377 261 100.0% 2.68 [2.06, 3.48] L 2
Total events 214 53
Heterogeneity: Tau? = 0.00; Chi? = 0.93, df =2 (P = 0.63); I = 0% 0102 0r1 y 10 5'0

Test for overall effect: Z = 7.37 (P < 0.00001)
Test for subgroup differences: Chi? = 0.90, df =2 (P = 0.64), 1> = 0%

Favours Control

Favours Anti-TNF

Fig. 3 Meta-analysis of ASAS 20 responses after 24 weeks of follow-up. The ASCEND [34, 35] and Marzo-Ortega et al. [42] studies have been

excluded from the meta-analysis because of the statistical heterogeneity

Table 2 Meta-analysis of efficacy outcomes after 12/14 and 24 weeks

Outcome Studies Participants Relative risk (CI 95 %)* P (%)° p value®
Up to 12/14 weeks®
ASAS 40 response 5 [19, 30, 33, 41, 42] 861 277 (2.05; 3.75) 0 0.45
ASAS 5/6 response 4119, 30, 33, 41] 829 3.52 (2.17; 5.71) 36 0.20
Partial remission 4119, 28, 30, 33] 783 479 (2.46; 9.34) 0 0.92
Up to 24 weeks
ASAS 40 response 3 [19, 37, 40, 44] 629 3.32 (2.44; 4.51) 0 0.92
ASAS 5/6 response 3[19, 37, 40] 627 4.25 (2.80; 6.46) 0 0.50
Partial remission 4 (19, 27, 37, 40] 905 4.43 (2.62; 7.49) 0 0.51

% CI 95 %: 95 % confidence interval

° A value of I > 40 % indicates statistical heterogeneity between the studies

¢ A value of p < 0.10 from the chi-square test indicates statistical heterogeneity between the studies

d Meta-analysis with the GO-RAISE study [44] after 14 weeks

heterogeneity [19, 28, 33, 36, 37, 41, 44]. The subgroup
analysis shows that infliximab has the best response at
weeks 12 and 24 (RR 4.02, 95 % CI 1.96; 8.26 and RR
4.90 95 % CI 2.51; 9.58) (Figs. 4, 5).

The meta-analysis of adverse events and withdraws due
to adverse events did not show statistically significant
outcomes and in fact showed reduced heterogeneity over
the periods analyzed. Upper respiratory tract infection after
30 weeks showed a RR of 0.98 (95 % CI 0.93; 1.02) [26,
27, 34, 37, 43, 44]. After 12 weeks, the incidence of

withdraws due to lack of efficacy was not significant,
whereas after 30 weeks, in spite of the anti-TNF treatments
showing significant positive benefits, this outcome resulted
in a borderline 95 % confidence interval (Table 4).
Giardina et al. [45] reported that after 12 weeks, there
were no statistically significant differences between the
infliximab and etanercept groups with respect to either the
ASAS 20 (76.0 vs. 60.0 %) or ASAS 40 (55.0 vs. 43.0 %)
responses. This trend remained true up to 104 weeks and
was also observed for other metrics, such as the BASDAI
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Table 3 Meta-analysis of BASDAI, BASFI, and BSAMI outcomes after 12 and 24/30 weeks

Outcome Studies Participants Mean difference (CI 95 %)? P (%)° p value®
Up to 12 weeks
BASDAI 4 [19, 32, 33, 42] 469 —1.64 (—2.06; —1.22) 0 0.69
BASFI 3 [19, 32, 33] 437 —1.39 (—1.59; —1.19) 0 0.85
BASMI 3 [19, 33, 41] 473 —0.53 (—0.72; —0.35) 9 0.32
Up to 24/30 weeks"
BASDAI 4 [19, 37, 40, 43] 676 —1.79 (—=2.27; —1.31) 0 0.49
BASFI 2 [19, 40] 355 —1.52 (—1.72; —1.31) 0 0.32
BASMI 1[19] 82 —0.60 (—0.87; —0.33) NA NA
& CI 95 %: 95 % confidence interval
A value of I > 40 % indicates statistical heterogeneity between the studies
¢ A value of p < 0.10 from the chi-square test indicates statistical heterogeneity between the studies
4 Meta-analysis with the study by Marzo-Ortega et al. [43] after 30 weeks
Anti-TNF Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.19.1 Adalimumab
ATLAS-19 94 208 17 107 29.5% 2.84[1.79, 4.51] =
Subtotal (95% CI) 208 107 29.5% 2.84[1.79, 4.51] <&
Total events 94 17
Heterogeneity: Not applicable
Test for overall effect: Z = 4.45 (P < 0.00001)
1.19.2 Etanercept
Brandt (2003)-28 8 14 1 16 1.6% 9.14 [1.30, 64.34]
SPINE-33 18 39 10 43 15.3% 1.98 [1.05, 3.76] .
van der Hejide (2006)-30 180 305 10 51 19.8% 3.01[1.71, 5.29] =
Subtotal (95% Cl) 358 110 36.7% 2.71[1.62, 4.53] <&
Total events 206 21
Heterogeneity: Tau? = 0.05; Chi? = 2.65, df =2 (P = 0.27); I? = 25%
Test for overall effect: Z = 3.79 (P = 0.0001)
1.19.3 Infliximab
Braun(2002)-36 18 34 3 35 4.9% 6.18 [2.00, 19.07] I
Inman(2010)-41 11 39 4 37 57% 2.61[0.91,7.47] —
Maksymowych(2010)-42 5 16 1 16 1.5% 5.00 [0.66, 38.15] T
Subtotal (95% CI) 89 88 12.1% 4.02 [1.96, 8.26] S
Total events 34 8
Heterogeneity: Tau? = 0.00; Chi? = 1.27, df =2 (P = 0.53); I? = 0%
Test for overall effect: Z = 3.79 (P = 0.0002)
1.19.4 Golimumab
GO-RAISE-44 117 278 12 78 21.6% 2.74 [1.60, 4.69] -
Subtotal (95% CI) 278 78  21.6% 2.74[1.60, 4.69] <o
Total events 117 12
Heterogeneity: Not applicable
Test for overall effect: Z = 3.66 (P = 0.0002)
Total (95% Cl) 933 383 100.0% 2.87 [2.23, 3.69] ¢
Total events 451 58
TR 2 = . 2 = - = - 12 =09 t t t d
Heterogeneity: Tau? = 0.00; Chi? = 4.85, df =7 (P = 0.68); I> = 0% 0.01 01 1 10 100

Test for overall effect: Z = 8.25 (P < 0.00001)
Test for subgroup differences: Chiz = 0.91, df =3 (P = 0.82), I?= 0%

Fig. 4 Meta-analysis of BASDAI 50 responses after 12/14 weeks of follow-up

and BASFI. Reported adverse events were mild to mod-
erate, no cases of opportunistic infections, tuberculosis, or
cancer were recorded, and no patients failed to follow-up
over the course of the 104-week study.
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The sensitivity analysis showed that the inclusion of
studies with conflicts of interests, sponsorship from the
pharmaceutical industry, modified Jadad scores of 3 or 4, and
unclear risk (with respect to random sequence generation and
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Anti-TNF Control Risk Ratio Risk Ratio

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

1.20.1 Adalimumab

ATLAS-19 88 208 16 107 44.7% 2.83[1.75, 4.57] a

Subtotal (95% CI) 208 107 44.7% 2.83 [1.75, 4.57] <o

Total events 88 16

Heterogeneity: Not applicable

Test for overall effect: Z = 4.26 (P < 0.0001)

1.20.2 Infliximab

ASSERT-37 101 201 8 78 22.8% 4.90 [2.51, 9.58] =

Subtotal (95% CI) 201 78 22.8% 4.90 [2.51, 9.58] <>

Total events 101 8

Heterogeneity: Not applicable

Test for overall effect: Z = 4.64 (P < 0.00001)

1.20.3 Golimumab

GO-RAISE-44 132 278 11 78 32.5% 3.37 [1.92, 5.90] —a

Subtotal (95% CI) 278 78 32.5% 3.37[1.92, 5.90] <

Total events 132 11

Heterogeneity: Not applicable

Test for overall effect: Z = 4.24 (P < 0.0001)

Total (95% Cl) 687 263 100.0% 3.39 [2.46, 4.67] ¢

Total events 321 35

Heterogeneity: Tau? = 0.00; Chi2 = 1.74, df = 2 (P = 0.42); 2= 0% f f f y

Test fo? over;lll effect: Z = 7.48 (P < 0.00001) ( ) 0.01 0.1 ! 10100

Test for subgroup differences: Chiz = 1.71, df = 2 (P = 0.43), 12 = 0% Favours Control  Favours Anti-TNF

Fig. 5 Meta-analysis of BASDAI 50 responses after 24 weeks of follow-up

Table 4 Meta-analysis of safety outcomes and withdraw after 12 and 24/30 weeks

Outcome Studies

Participants ~ Relative risk (CI 95 %)* > (%)°  p value®

Up to 12 weeks

Serious adverse events 6 [26, 28-30, 33, 36]
Serious infections 1 [28]
Upper respiratory tract infections 2 28, 30]
Withdraw due to adverse reactions 6 [19, 28-30, 33, 36]
Withdraw due to lack of efficacy 4 129, 30, 33, 36]

Up to 24/30 weeks”
Serious adverse events 519, 27, 34, 37, 43, 44]
Serious infections 5[19, 26, 34, 37, 43, 44]
Upper respiratory tract infections 5 [26, 27, 34, 37, 43, 44]
Withdraw due to adverse reactions 6 [19, 27, 34, 37, 40, 43, 44]
Withdraw due to lack of efficacy 3 26, 27, 43, 47]

661 0.98 (0.95; 1.01) 0 0.85
30 1.00 (0.88; 1.13) NA NA
386 1.06 (0.95; 1.19) 0 0.59
936 0.99 (0.96; 1.01) 25 0.24
591 1.01 (0.98; 1.04) 0 0.44
1,833 1.00 (0.98; 1.02) 0 0.91
1,596 1.00 (0.99; 1.01) 0 0.92
1,558 0.98 (0.93; 1.02) 21 0.28
1,875 0.99 (0.98; 1.01) 13 0.33
359 1.11 (1,015 1.22) 85 0.0002

& CI 95 %: 95 % confidence interval

° A value of I > 40 % indicates statistical heterogeneity between the studies

¢ A value of p < 0.10 from the chi-square test indicates statistical heterogeneity between the studies

4 Meta-analysis with the study by Marzo-Ortega et al. [43] after 30 weeks

allocation concealment) did not modify the direction or
significance of the results. Furthermore, studies involving
patients with short disease times, multiple medications, and
prior failed NSAID treatment did not influence the results.
Analysis of the funnel plot did not reveal asymmetry,
suggesting that publication bias was not an important factor
for these studies. Search of the gray literature did not yield

new studies, although we did identify three in-progress
studies evaluating the effects of etanercept [46—48].

In summary, the quality of the evidence of this review
was considered to be high, as the studies did not have
major limitations, the statistical heterogeneity was not
significant, the findings were consistent, the results were
precise, and publication bias was not found to be relevant.
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Discussion

The results of this systematic review and meta-analysis
indicate significant positive benefits for the anti-TNF
agents infliximab, etanercept, adalimumab, and golimumab
for the treatment of AS with respect to several metrics,
including the ASAS response, disease activity, physical
function, vertebral mobility after 12 and 30 weeks of
treatment compared with control treatments. The incidence
of adverse events was not significantly different between
the groups. Any conclusion about certolizumab could not
be done because the search did not retrieve RCT with only
AS patients.

In summary, we can highlight the results of ASAS 20
response at week 24 and BASDALI 50 response at weeks 12
and 24 for infliximab. This medicine reached the highest
measures, whereas the estimated RR presented large
confidence intervals, and few studies were joined in the
meta-analysis. On the other hand, the pooled result for all
anti-TNF has a better robustness. The golimumab has a
better result for ASAS 20 response at week 12, despite it
did not significantly differ from others. The adalimumab
and etanercept showed good results either. It remains a
challenge to determine differences between the anti-TNF
due the lack of studies comparing them.

Our findings are consistent with other systematic
reviews, which also showed positive benefits for treatment
with anti-TNF agents after 6-24 weeks with respect to
pain, ASAS response, physical function, vertebral mobil-
ity; these reviews also did not find statistically significant
differences between the groups related to safety outcomes
[8, 49-52]. Baraliakos et al. [52] studied anti-TNF thera-
pies in spondyloarthropathy (SpA) patients and showed
similar results to our review and other studies that included
only AS patients. We note that the present review includes
new studies, reinforcing these conclusions.

Although the main objective of AS treatments is to
improve the quality of life of the patient [6], it was not
possible to conduct meta-analysis of this outcome, as there
was great amount of variability between the studies with
respect to measures of quality of life. However, we believe
that the observed benefits, such as relief from pain and
inflammation as well as improvements in physical function
and vertebral mobility, positively influence quality of life
for these patients.

It is important to consider the limitations of these clin-
ical trials, especially in regard to investigating rare adverse
events that were not the primary outcome of any study.
These limitations are mainly the result of three factors:
small sample sizes, short follow-up periods, and selection
criteria that exclude patients with recent infections, a his-
tory of neoplasms, and significant comorbidities. With this
in mind, observational studies gain relevance with respect
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to the use of medications in situations similar to clinical
practice. The Spanish record of adverse events after treat-
ment of rheumatic diseases with biological agents followed
approximately 7,000 patients, 13 % of which were diag-
nosed with AS, with an average exposure time to anti-TNF
agents of 2.4 years. A total of 53.1 cases of infections were
recorded per 1,000 patients/year and 472 cases of tuber-
culosis were recorded per 100,000 patients/year [53, 54].

A Cochrane Collaboration systematic review examining
160 clinical trials showed that the use of biological agents
not restricted to anti-TNF was associated with increased
likelihood of adverse events, withdraws due to adverse
events, serious infections, opportunistic infections, and
reactivation of tuberculosis compared with control groups.
The median duration of these trials was 6 months, and the
biological agents were targeted for inflammatory diseases,
as rheumatoid arthritis, spondylitis ankylosing, inflamma-
tory bowel disease, and others like cancer and neurological
conditions [55]. This meta-analysis included a large num-
ber of studies, making them more powerful for demon-
strating differences between groups—when they exist—
compared with the meta-analysis performed in the present
review.

AS was not very frequently observed in the populations
of the studies described above. Although it is hoped that
the safety profiles of medications are not dependent on the
specific disease being treated, the physiopathology, clinical
manifestations, and the use of DMARD set AS apart from
other rheumatological diseases. Therefore, more data are
necessary to confirm that the standard of safety for AS is
the same as for rheumatoid arthritis.

The only head-to-head trial analyzed here indicates that
etanercept and infliximab have similar efficacy and safety
profiles. Using indirect comparisons, Migliore et al. [56]
concluded that infliximab had a 72 % probability of being
the best therapeutic option, followed by etanercept (15 %)
and adalimumab (13 %). The outcome analyzed was the
ASAS 20 response after 24 weeks of treatment in three
double-blind clinical trials. This review did not include the
Canadian AS study [24, 25] which found no difference
between adalimumab and placebo for this outcome after
24 weeks, nor the study by Giardina et al. [45] which was
not double-blind. The influence of these two studies on the
direction of the results in the review by Migliore et al. [56]
cannot be determined, and the limitations of the present
study do not allow for a more robust comparison between
anti-TNF agents.

The ASAS and the EULAR recommend the use of TNF
blockers for patients with high disease activity despite
conventional treatment, which usually includes non-ste-
roidal anti-inflammatories, as glucocorticoids and DMARD
such as methotrexate and sulfasalazine have limited uses in
AS patients [7]. Using a randomized clinical trial, Li et al.
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[57] showed that the addition of methotrexate to an inf-
liximab regiment did not show clinical benefits with
respect to the ASAS response, disease activity, physical
function, lumbar flexion, and radiograph progression. The
ASCEND [34, 35] study showed that etanercept was more
effective than sulfasalazine, and Cochrane Collaboration
systematic reviews indicate that methotrexate or sulfasal-
azine (compared with placebo or NSAID) is not effective
in patients with AS [58, 59]. These guidelines do not
contain recommendations in the case that anti-TNF thera-
pies fail, and furthermore, this type of information is
scarce, given that clinical trials do not include patients with
this profile.

When the heterogeneity cannot be readily explained,
one analytical approach is to incorporate it into a random
effects model. A random effects meta-analysis model
involves an assumption that the effects being estimated in
the different studies are not identical, but follow some
distribution. The model represents the lack of knowledge
about why real, or apparent, treatment effects differ by
treating the differences as if they were random. It was
possible to carry out meta-analysis with non-significant
statistical heterogeneity despite the differences that existed
among the populations of the included studies. For certain
efficacy outcomes, it was necessary to remove the
ASCEND [34, 35] and Marzo-Ortega et al. [43] studies to
maintain low heterogeneity, although the direction and
significance of the results were not altered by their
removal. These were the only studies included in the meta-
analysis that did not compare the effects of anti-TNF
agents with placebo, which could explain the increased
heterogeneity. The former study compared the effects of
etanercept to sulfasalazine, and the latter study compared
the effects of infliximab and methotrexate to methotrexate
and placebo. The sensitivity analysis also revealed that
differences between the studies did not affect the direction
of the results.

The publication bias is inherent to any systematic
review. However, the funnel plot did not indicate asym-
metry, and to further minimize the interference of publi-
cation bias, we also performed an extensive search for
pertinent studies in the gray literature. Therefore, we con-
clude that publication bias was probably not an important
factor in this review.

With the exception of two studies [36, 45], all presented
some connection with the pharmaceutical industry,
including declared conflicts of interest and financing,
which could be sources of bias. Systematic reviews have
shown that studies connected to the pharmaceutical
industry tend to report outcomes favorable to the medica-
tion produced by the sponsor [60—62]. However, the studies
included in this review were chosen using detailed search
of various databases and the gray literature, or in other

words, from the total available body of scientific work. In
addition, the sensitivity analysis did not indicate a corre-
lation between the direction of the results and the existence
of conflicts of interest. However, it is important to note that
only one study included in the meta-analysis did not report
a potential conflict of interest [36].

Out of the 18 RCTs evaluated, only one study results
were not comparable to the others, so they were not used in
the meta-analysis [45]. We included the other 17 RCTs in
the meta-analysis, despite the maximum number of trials in
the analysis was nine. The reason is that they had different
outcomes and diverse ways to report them, especially those
related to continuous data; some articles describe as med-
ian and interquartile interval, others as mean and standard
deviation. However, this is a limitation and we should be
aware that the meta-analysis results do not represent the
summary of the 17 RCTs.

This systematic review presents high-quality evidence to
reinforce the efficacy of the anti-TNF agents infliximab,
etanercept, adalimumab, and golimumab for treatment of
the axial components of AS. The safety profiles of these
drugs do not significantly restrict their use, and therefore,
treatment with these agents is recommended; however,
rigorous follow-ups are needed due to the risk of infection.
In addition, further studies will be needed to gather evi-
dence of long-term safety. These results will be useful for
evidence-based health care and proper decision making in
health.
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