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Secukinumab Efficacy on Enthesitis in Patients With 
Ankylosing Spondylitis: Pooled Analysis of Four Pivotal  
Phase III Studies
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Ayan Das Gupta6, Shephard Mpofu7, Todd Fox7, Adam Winseck8, Brian Porter8, Abhijit Shete7,  
and Lianne S. Gensler9

ABSTRACT.	 Objective. To assess the efficacy of secukinumab on axial and peripheral enthesitis in patients with ankylosing 
spondylitis (AS) using pooled data from randomized controlled phase III studies.

	 Methods. In this posthoc analysis, data were pooled from patients originally randomized to secuki-
numab 150  mg, 300  mg, or placebo (PBO) from phase III MEASURE 1–4 studies (ClinicalTrials.gov: 
NCT01358175, NCT01649375, NCT02008916, and NCT02159053). Maastricht AS Enthesitis Score 
(MASES) was used for assessments of enthesitis through Week 52. Efficacy outcomes were mean change in 
MASES score and complete resolution (MASES = 0) of enthesitis in patients with baseline MASES > 0.

	 Results. A total of 693 (71.5%) patients had enthesitis at baseline in secukinumab 300 mg, 150 mg, and PBO 
groups (58 [76.3%], 355 [70.4%], and 280 [72%], respectively) out of 969 patients pooled in this analysis. At 
Week 16, mean changes from baseline for overall MASES and enthesitis at axial MASES sites, respectively, 
were as follows: –2.9 (P < 0.01) and –2.9 (P < 0.01) for secukinumab 300 mg; –2.4 (P < 0.015) and –2.3 
(P < 0.05) for secukinumab 150 mg; and –1.9 and –1.8 for PBO, with improvements seen through Week 52. 
More than one-third of secukinumab-treated patients (300 mg: 36.2%; 150 mg: 40.8%) achieved complete 
resolution of enthesitis at Week 16.

	 Conclusion. Secukinumab improved enthesitis at overall MASES and axial sites in patients with AS.

	 Key Indexing Terms: ankylosing spondylitis, biological therapy, inflammation, interleukin, spondyloarthropathy
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Enthesitis, which is the inflammation of the entheses, is a 
hallmark feature of ankylosing spondylitis (AS; also termed, 
radiographic axial spondyloarthritis [axSpA]), a chronic and 
inflammatory form of arthritis. It is a distinctive pathological 
manifestation characterized by inflammation at the tendon, liga-
ment, or joint capsule insertion sites to bones.1 Enthesitis is often 

associated with considerable pain, morning stiffness, fatigue, and 
impaired physical function, frequently leading to poor quality 
of life.2,3

	 The pathogenesis of enthesitis is not fully understood. 
Enthesitis is triggered by biomechanical stress or infection, which 
induces the activation of γδ T cells and type 3 innate lymphoid 
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cells at entheseal sites. This subsequently stimulates the produc-
tion of tumor necrosis factor (TNF), interleukin (IL)17A, and 
IL-23, leading to the influx and activation of neutrophils, which in 
turn leads to entheseal inflammation.3,4 This IL-driven enthesitis 
may cause irreversible structural damage in patients with AS.5,6

	 Enthesitis can encompass peripheral and/or axial manifesta-
tions. Peripheral enthesitis is frequently observed in the lower 
limbs (e.g., muscle attachments to the greater and lesser trochan-
ters, the insertion of the quadriceps tendon at the upper patellar 
pole, the patellar tendon insertion on the tibial plateau, and 
the Achilles tendon insertion into the calcaneus), whereas axial 
enthesitis sites mainly include the thoracic and lumbar spine and 
costosternal joints.7,8,9 Different indices have been developed for 
the clinical evaluation of enthesitis in AS, including the Mander 
Enthesitis Index, the Modified Mander Enthesitis Index,10 the 
Major Enthesitis Index,11 the Maastricht AS Enthesitis Score 
(MASES),12 and the SpA Research Consortium of Canada 
(SPARCC) enthesitis score.13

	 According to the Corrona registry, patients with axSpA who 
suffer from enthesitis have a higher disease burden than those 
without enthesitis.14 Although the prevalence of enthesitis 
among patients with AS ranges from 30–70%, enthesitis is 
often underdiagnosed in routine practice.15,16,17 In clinical prac-
tice, the aim of enthesitis treatment is to resolve entheseal-re-
lated pain and inflammation.3 Nonsteroidal antiinflammatory 
drugs (NSAIDs) are the recommended first-line treatment for 
patients with AS and have been demonstrated to be effective in 
reducing inflammation and pain in peripheral enthesitis.18,19,20,21 
However, in patients with long-standing enthesitis, as opposed 
to those with a more recent onset, NSAIDs may not adequately 
control the disease.3 In patients with axSpA who do not respond 
adequately or are intolerant to NSAIDs, treatment with TNF 
inhibitors (TNFi) is indicated and has been shown to be effec-
tive in the treatment of enthesitis. Although TNFi significantly 
improves the signs and symptoms in patients with AS,22,23,24,25,26 
approximately 40–50% of patients experience either inadequate 
response, intolerance, or safety concerns with TNFi therapy.26–34

	 Secukinumab, a human monoclonal IgG1κ antibody that 
directly inhibits IL-17A, has been demonstrated to provide 
rapid and sustained improvement in the signs and symptoms of 
active AS.35,36,37,38,39 It has also been shown to provide rapid and 
sustained resolution of enthesitis in approximately 50–70% of 
patients with psoriatic arthritis (PsA).40,41,42 However, data on 
the effect of secukinumab on the improvement or resolution of 
enthesitis in patients with AS are limited. Herein, we present 
a posthoc analysis using data pooled from 4 phase III studies 
(MEASURE 1–4) over 52 weeks that had data available at the 
reporting cutoff date of May 13, 2018. The aim of this posthoc 
analysis was to determine the efficacy of secukinumab vs placebo 
(PBO) on mean change from baseline in MASES score and 
complete resolution of enthesitis (MASES = 0) in patients with 
AS with enthesitis at baseline.

METHODS
Study design and patients. MEASURE 1 (NCT01358175) and 
MEASURE 4 (NCT02159053) were 2-year studies, whereas 

MEASURE 2 (NCT01649375) and MEASURE 3 (NCT02008916) were 
5- and 3-year randomized, double-blind, placebo-controlled phase III 
studies. The details of the study designs, methods, and results have been 
reported previously.35,36,37,38 Detailed inclusion and exclusion criteria are 
listed in Supplementary Table 1 (available with the online version of 
this article). Briefly, in MEASURE 1 and MEASURE 3, patients were 
randomized to intravenous (IV) secukinumab 10 mg/kg or PBO at base-
line, Week 2, and Week 4, followed by subcutaneous (SC) secukinumab 
150 mg or 75 mg in MEASURE 1 or SC secukinumab 300 mg or 150 mg 
in MEASURE 3 vs matched PBO every 4 weeks (Q4W), starting at Week 
8. In MEASURE 2 and MEASURE 4, patients were randomized to SC 
secukinumab 150 mg or 75 mg (MEASURE 2) or SC secukinumab 150 
mg with or without loading doses (MEASURE 4) vs matched PBO at 
baseline, Weeks 1, 2, and 3, and Q4W starting at Week 4. In MEASURE 
2–4, PBO-treated patients were rerandomized at Week 16 to SC secuk-
inumab Q4W, regardless of clinical response, whereas in MEASURE 
1, rerandomization from PBO to secukinumab occurred at Week 16 in 
nonresponders failing to achieve Assessment of Spondyloarthritis interna-
tional Society 20 (ASAS20) criteria and at Week 24 in responders.35,36,37,38 
These multicenter randomized clinical trials (RCTs) were well designed 
and fulfilled the Consolidated Standards of Reporting Trials Statement 
checklist, which comprises a minimum standard of recommendations for 
reporting RCTs.43

	 The pooled patient populations from the MEASURE 1–4 studies 
were considered in this posthoc exploratory analysis. Data were pooled 
from patients originally randomized to secukinumab 150  mg, 300  mg 
(MEASURE 3 only), or PBO, with enthesitis at baseline defined as MASES 
> 0. Patients on the same dose of secukinumab were pooled across studies, 
regardless of loading regimen (IV or SC). Analysis included all patients 
with baseline entheseal tenderness and/or swelling of at least 1 out of the 
13 MASES sites (the bilateral first and seventh costochondral joints, the 
anterior and posterior superior iliac spines, the iliac crests, the proximal 
insertions of Achilles tendon, and the fifth lumbar spinous process [overall 
score range 0–13]), as well as subgroup analyses of the 11 axial entheseal 
sites (13 MASES sites minus 2 Achilles tendons), 6 peripheral entheseal 
sites (2 Achilles tendons + 4 lateral condyles of both humeri/femurs), and 
the 2 Achilles tendons separately (Figure 1).
	 All the studies were conducted in compliance with the ethical principles 
originating in or derived from the Declaration of Helsinki and in compli-
ance with all International Conference on Harmonization Good Clinical 
Practice guidelines. All patients signed an informed consent form that was 
reviewed and approved by an independent ethics committee or institutional 
review board.35,36,37,38 Ethics approval numbers for the main institutions are 
included in Supplementary Table 2 (available with the online version of this 
article). 
	 In all the 4 studies, patients aged ≥18 years with AS fulfilling the modi-
fied New York criteria44 and active disease as defined by Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) ≥ 4 (range 0–10)45 and 
a spinal pain score of ≥ 4 cm on a visual analog scale (0–10 cm), despite 
treatment with maximal tolerated doses of NSAIDs were included. Patients 
had either an inadequate response or were intolerant to no more than 1 
TNFi agent.36,46 Patients previously treated with no more than 1 TNFi were 
included if they had an inadequate response to an approved dosage for ≥ 3 
months or were intolerant to at least 1 dose (hereafter collectively referred 
to as patients with an inadequate response to TNFi [TNFi-IR]). Patients 
could continue to receive the following medications at a stable dose: sulfas-
alazine (≤ 3 g/d), methotrexate (7.5–25 mg/week), prednisone or equiva-
lent (≤ 10 mg/d), and NSAIDs.
	 Key exclusion criteria were total spinal ankylosis, evidence of infection 
or cancer on chest radiography, active systemic infection within 2 weeks 
before the baseline visit, and previous treatment with cell-depleting thera-
pies or biologics other than TNFi agents.
Efficacy outcomes. In this posthoc analysis, the efficacy endpoints assessed 
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at Week  52 were the mean change from baseline in MASES score and 
complete resolution (MASES = 0) in patients with enthesitis at baseline.
Statistical analysis. A mixed-effect model for repeated measures (MMRM) 
analysis was done for change from baseline in MASES score for patients 
with enthesitis at baseline. Only patients with MASES > 0 at baseline were 
included in the analysis to avoid misrepresentation of a potential treatment 
effect from the approximately 30% of patients with no enthesitis at baseline 
who would, therefore, be expected to have low enthesitis scores during treat-
ment as well. MMRM included treatment, TNFi-IR status (yes/no), and 
scheduled visits as fixed effects, with baseline score and weight as covariates. 
Treatment and baseline by visit were included as interaction terms in the 
model. The effects of secukinumab 300 mg and 150 mg were analyzed using 
a logistic regression model for resolution of enthesitis through Week  16. 
Logistic regression used treatment as a factor, with baseline score and weight 
as covariates. These analyses were also performed for different entheseal sites 
(namely, overall MASES entheseal sites, axial entheseal sites, the Achilles 
tendons, and other peripheral entheseal sites). Missing values, including 
those due to discontinuation of study treatment, were imputed as nonre-
sponse through Week  16. Data are reported as observed thereafter up to 
Week 52.

RESULTS
Baseline characteristics and patient demographics. A total of 969 
patients were included in this analysis, of which 693 (71.5%) 

patients had enthesitis at baseline (secukinumab 300 mg: 76.3% 
[58/76]; secukinumab 150  mg: 70.4% [355/504]; and PBO: 
72.0% [280/389]; Figure 2). Baseline demographics were gener-
ally comparable across groups except for a higher proportion of 
females among the patients with enthesitis (39.7%, 39.2%, and 
39.6% in secukinumab 300 mg, 150 mg, and PBO arms, respec-
tively) vs patients without enthesitis (16.7%, 16.8%, and 19.3% 
in secukinumab 300 mg, 150 mg, and PBO arms, respectively). 
In line with the objective of this analysis, we only report data for 
patients with enthesitis at baseline (Table 1). The baseline char-
acteristics of patients without enthesitis have been presented in 
Supplementary Table 3 (available with the online version of this 
article).
Mean change in MASES score in patients with enthesitis at baseline. 
At Week 16, the mean change from baseline in MASES score for 
overall MASES and axial entheseal sites was higher for secuk-
inumab 300  mg (–2.9 [95%  CI –1.84 to –0.31; P <  0.01] and 
–2.9 [95% CI –1.76 to –0.35; P < 0.01], respectively) and 150 mg 
(–2.4 [95% CI –0.96 to –0.11; P < 0.05] and –2.3 [95% CI –0.89 
to –0.10; P < 0.05], respectively) than for PBO (–1.9 and –1.8, 
respectively). Reductions in MASES score at Achilles tendon and 

Figure 1. Major entheseal sites. Overall MASES entheseal sites (13 sites), defined as: first costochondral (R, L) + 
seventh costochondral (R, L) + posterior superior iliac spine (R, L) + anterior superior iliac spine (R, L) + iliac 
crest (R, L) + proximal Achilles tendon (R, L) + fifth lumbar spinous process. Achilles Tendon (2 sites), defined 
as: proximal Achilles tendon (R, L). Axial entheseal sites (in green; 11 sites), defined as: first costochondral 
(R,L) + seventh costochondral (R,L) + posterior superior iliac spine (R, L) + anterior superior iliac spine (R,L) 
+ iliac crest (R,L) + fifth lumbar spinous process. Peripheral entheseal sites (in red; 6 sites), defined as: proximal 
Achilles tendon (R, L) + lateral epicondyle humerus (R, L) + lateral condyle femur (R, L). L: left; MASES: 
Maastricht Ankylosing Spondylitis Enthesitis Score; R: right.
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peripheral entheseal sites at Week 16 were –1.0 (95% CI –0.61 
to 0.20; not significant [NS]) and –1.6 (95% CI –0.85 to 0.15; 
NS), respectively, for secukinumab 300 mg; –1.0 (95% CI –0.34 
to 0.11; NS) and –1.3 (95% CI –0.42 to 0.15; NS), respectively, 
for secukinumab 150 mg; and –0.8 and –1.2, respectively, for 
PBO. Improvements in MASES score were observed through 52 
weeks, with the magnitude of response being numerically higher 
for the overall MASES, axial entheseal sites, peripheral entheseal 
sites, and Achilles tendon sites with secukinumab 300 mg (–3.9, 
–3.6, –2.1, and –1.3, respectively) than with secukinumab 150 mg 
(–3.5, –3.2, –1.9, and –1.2, respectively; Figure 3).
Complete resolution of enthesitis (MASES  =  0). At Week 16, 
36.2% (secukinumab 300  mg; 95%  CI 0.77–2.77; NS) and 
40.8% (secukinumab 150  mg; 95% CI 1.27–2.62; P <  0.01 
vs PBO) of patients in the 2 secukinumab arms achieved 
complete resolution of enthesitis for overall MASES, with 
a corresponding PBO response of 28.9%. At axial entheseal 
sites, the response rates were 42.1% (secukinumab 300  mg; 
95% CI 0.95–3.41; NS), 42.7% (secukinumab 150 mg; 95% CI  

1.29–2.69; P <  0.001 vs PBO), and 30.1% (PBO). Response 
rates for Achilles tendon and peripheral entheseal sites were vari-
able and are shown in   4. At Week 52, 52.9%, 60.0%, 77.8%, 
and 69.7% patients receiving secukinumab 300 mg and 56.4%, 
58.6%, 78.4%, and 65.5% patients receiving secukinumab 
150 mg achieved complete resolution of enthesitis for the overall 
MASES, axial entheseal sites, Achilles tendon sites, and periph-
eral entheseal sites, respectively (Figure 4).

DISCUSSION
Biologics, such as TNFi and IL-17A inhibitors, have been 
shown to be effective in controlling AS-associated symptoms 
and are recommended by ASAS and the European Alliance of 
Associations for Rheumatology for the management of AS.21 
Enthesitis, a debilitating characteristic in patients with AS, 
has been associated with substantial axial and peripheral joint 
pain.47 Although the importance of enthesitis is acknowledged, 
the current knowledge on the pathogenesis and treatment of 
enthesitis is limited.
	 In various clinical trials, TNFi agents have been shown to 

Figure 2. Patient population of the pooled analysis from MEASURE 1–4 studies.

Table 1. Demographics and baseline characteristics of patients with enthesitis at baseline. 

		  Secukinumab		  Placebo 
		  300 mg, n = 58	 150 mg, n = 355	 n = 280

Female, n (%)	 23 (39.7)	 139 (39.2)	 111 (39.6)
Age, yrs	 41.5 (11.3)	 42.8 (12.1)	 43.0 (12.7)
Age, yrs, n (%)			 

< 65	 58 (100)	 341 (96.1)	 268 (95.7)
≥ 65 to > 75	 0	 14 (3.9)	 12 (4.3)
≥ 75	 0	 2 (0.6)	 1 (0.4)

Time since AS diagnosis, yrs	 4.7 (6.6)	 6.8 (8.6)	 6.5 (8.1)
Total BASDAI score	 7.0 (1.4)	 6.9 (1.4)	 7.0 (1.3)
MASES	 5.3 (3.2)	 5.1 (3.4)	 5.1 (3.3)
HLA-B27, n (%)	 42 (72.4)	 271 (76.3)	 205 (73.2)
hsCRP, mg/L, median (min, max) 	 6.7 (0, 65)	 6.7 (0, 237)	 7.0 (0, 129)
Total BASMI (linear) score	 3.4 (1.4)	 3.9 (1.7)	 3.9 (1.5)
Total BASFI score	 6.4 (1.8)	 6.3 (2.1)	 6.3 (2.0)
Total ASDAS-CRP score	 3.6 (0.9)	 3.7 (0.9)	 3.8 (0.8)
Total ASDAS-ESR score	 3.9 (0.9)	 3.9 (0.9)	 3.9 (0.8)
Anti–TNF-naïve, n (%)	 44 (75.9)	 247 (69.6)	 198 (70.7)

Values are expressed as mean (SD) unless stated otherwise. AS: ankylosing spondylitis; ASDAS: Ankylosing 
Spondylitis Disease Activity Score; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: 
Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; CRP: 
C-reactive protein; ESR: erythrocyte sedimentation rate; hsCRP: high-sensitivity CRP; MASES: Maastricht 
Ankylosing Spondylitis Enthesitis Score; TNF: tumor necrosis factor.
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improve enthesitis in patients with AS.22,23,24,25,26 However, there 
remains an unmet medical need for new therapeutic options, 
particularly in the patient population responding inadequately 
to TNFi therapy.26–34

	 Our pooled analysis from a large dataset of patients from 
the MEASURE studies provides evidence for the efficacy of 
secukinumab on the resolution of overall enthesitis and at axial 
entheseal sites in patients with AS through 52 weeks. The most 
commonly used clinically validated indices for the assessment of 
enthesitis include MASES and SPARCC.48 In this analysis, we 
used MASES to assess the resolution of enthesitis. Further, to 
avoid diluting a treatment effect by including the approximately 
30% of patients in the MEASURE studies with no enthesitis 
at baseline who, therefore, cannot demonstrate improvement 
on treatment, only patients with MASES > 0 at baseline were 
included in our analysis to assess improvement over time.
	 Secukinumab-treated patients with enthesitis at baseline 

showed greater reductions in MASES, and a greater propor-
tion of patients achieved complete resolution of enthesitis 
for overall MASES and at axial entheseal sites compared with 
PBO at Week 16, with improvement trends continuing through 
Week 52. However, the results for the Achilles tendon and other 
peripheral entheseal sites did not meet statistical significance 
for secukinumab vs PBO. Whether these results are due to AS 
being predominantly an axial disease, the limitations of assess-
ments using MASES, and/or because of higher-than-expected 
PBO responses requires further research. Secukinumab has 
demonstrated significant and sustained resolution of enthesitis 
in patients with PsA,41 as well as rapid and significant improve-
ments in the axial manifestations of PsA.49

	 The potential limitations of the current analysis include its 
posthoc nature, as well as the lack of a long-term comparator, 
since prolonged treatment with PBO is unethical in AS. In turn, 
the placebo-controlled period of the core MEASURE trials was 

Figure 3. Mean change from baseline in MASES score. § P <0.01; ‡ P <0.05 vs placebo. LS mean and P value are 
from repeated-measure mixed-effect model until Week 16. Observed data thereafter through Week 52 (shaded 
area). LS: least squares; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score; NA: not available. 
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only up to Week  16. In addition, the number of patients and 
the mean disease duration were notably lower in the secuki-
numab 300 mg group than in the 150 mg group, which limits 
any dose comparison. Further, the conduct of clinical trials is 
protocol-specified and hence subject to selection bias for inclu-
sion/exclusion of the study population, which may not be fully 
reflective of real-world clinical experience for the study treat-
ment outcomes. It also cannot be ruled out that some of the 
patients who did not have baseline enthesitis, and were there-
fore excluded from the analysis, could have developed enthesitis 
while on treatment, which would have lowered overall remission 
rates and increased enthesitis counts. The statistical model for 
this analysis did not adjust for potential confounding factors 
such as patients’ sex, which may limit the interpretation of 
results. In the current study, imaging confirmation of enthesitis 
was also not performed, nor was this study designed to identify a 
difference between different regimens of secukinumab adminis-
tration, which are additional limitations of the analysis.

	 In conclusion, this posthoc analysis demonstrated that 
secukinumab 300 mg and 150 mg improved enthesitis assessed 
by the overall MASES and at axial entheseal sites compared 
to PBO in patients with AS, extending the evidence for the 
clinical efficacy of secukinumab in patients with AS that has 
been reported previously.35,36,37,38 Prospective controlled studies 
are needed to verify these findings. In addition, the reasons for 
high PBO responses and variable efficacy at the assessed axial 
and peripheral entheseal sites warrant further research and 
highlight the need for a more objective assessment of enthesitis 
in patients with axSpA.

ACKNOWLEDGMENT
The authors thank the patients who participated in this study; the study 
investigators; and John Gallagher, Novartis Pharmaceuticals UK Ltd., 
for valuable review. Manuscript writing support, under the guidance of 
all authors, was provided by Amit Agarwal and Priyanka Malla, Novartis 
Healthcare Pvt. Ltd., Hyderabad, India. The first draft of this manuscript 
was written by Priyanka Malla based on input from all the authors.

Figure 4. Proportion of patients with complete resolution of enthesitis (MASES = 0). † P < 0.001; § P < 0.01; 
‡ P < 0.05 vs placebo. P values are from logistic regression model. NRI data were used for the analysis up to Week 
16, thereafter observed data through Week 52 (shaded area). MASES: Maastricht Ankylosing Spondylitis Enthesitis 
Score; NA: not available; NRI: nonresponder imputation.
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REFERENCES
	 1.	 Kehl AS, Corr M, Weisman MH. Review: enthesitis: new insights 

into pathogenesis, diagnostic modalities, and treatment. Arthritis 
Rheumatol 2016;68:312-22.

	 2.	 Godfrin B, Zabraniecki L, Lamboley V, Bertrand-Latour F, Sans N, 
Fournié B. Spondyloarthropathy with entheseal pain. A prospective 
study in 33 patients. Joint Bone Spine 2004;71:557-62.

	 3.	 Schett G, Lories RJ, D’Agostino MA, Elewaut D, Kirkham B, 
Soriano ER, et al. Enthesitis: from pathophysiology to treatment. 
Nat Rev Rheumatol 2017;13:731-41.

	 4.	 Cuthbert RJ, Fragkakis EM, Dunsmuir R, Li Z, Coles M,  
Marzo-Ortega H, et al. Brief report: group 3 innate lymphoid cells 
in human enthesis. Arthritis Rheumatol 2017;69:1816-22.

	 5.	 Lories RJ, McInnes IB. Primed for inflammation: enthesis-resident T 
cells. Nat Med 2012;18:1018-9.

	 6.	 Sherlock JP, Joyce-Shaikh B, Turner SP, Chao CC, Sathe M, 
Grein J, et al. IL-23 induces spondyloarthropathy by acting on 
ROR-γt+ CD3+CD4-CD8- entheseal resident T cells. Nat Med 
2012;18:1069-76.

	 7.	 D’Agostino MA, Aegerter P, Bechara K, Salliot C, Judet O, 
Chimenti MS, et al. How to diagnose spondyloarthritis early? 
Accuracy of peripheral enthesitis detection by power Doppler 
ultrasonography. Ann Rheum Dis 2011;70:1433-40.

	 8.	 D’Agostino MA, Olivieri I. Enthesitis. Best Pract Res Clin 
Rheumatol 2006;20:473-86.

	 9.	 Burgos-Vargas R, Pacheco-Tena C, Vázquez-Mellado J. A short-
term follow-up of enthesitis and arthritis in the active phase 
of juvenile onset spondyloarthropathies. Clin Exp Rheumatol 
2002;20:727-31.

	 10.	 Gorman JD, Sack KE, Davis JC Jr. Treatment of ankylosing 
spondylitis by inhibition of tumor necrosis factor alpha. N Engl J 
Med 2002;346:1349-56.

	 11.	 Clegg DO, Reda DJ, Abdellatif M. Comparison of sulfasalazine 
and placebo for the treatment of axial and peripheral articular 
manifestations of the seronegative spondylarthropathies: a 
Department of Veterans Affairs cooperative study. Arthritis Rheum 
1999;42:2325-9.

	 12.	 Heuft-Dorenbosch L, Spoorenberg A, van Tubergen A, Landewé 
R, van der Tempel H, Mielants H, et al. Assessment of enthesitis in 
ankylosing spondylitis. Ann Rheum Dis 2003;62:127.

	 13.	 Maksymowych WP, Mallon C, Morrow S, Shojania K, Olszynski 
WP, Wong RL, et al. Development and validation of the 
Spondyloarthritis Research Consortium of Canada (SPARCC) 
enthesitis index. Ann Rheum Dis 2009;68:948-53.

	 14.	 Mease PJ, Heijde DV, Karki C, Palmer JB, Liu M, Pandurengan R, 
et al. Characterization of patients with ankylosing spondylitis and 
nonradiographic axial spondyloarthritis in the US-based Corrona 
registry. Arthritis Care Res 2018;70:1661-70.

	 15.	 Ciurea A, Scherer A, Exer P, Bernhard J, Dudler J, Beyeler B, et 
al. Tumor necrosis factor alpha inhibition in radiographic and 

nonradiographic axial spondyloarthritis: results from a large 
observational cohort. Arthritis Rheum 2013;65:3096-106.

	 16.	 de Winter JJ, van Mens LJ, van der Heijde D, Landewé R, 
Baeten DL. Prevalence of peripheral and extra-articular 
disease in ankylosing spondylitis versus non-radiographic axial 
spondyloarthritis: a meta-analysis. Arthritis Res Ther 2016;18:196.

	 17.	 Cruyssen BV, Ribbens C, Boonen A, Mielants H, de Vlam K, 
Lenaerts J, et al. The epidemiology of ankylosing spondylitis and the 
commencement of anti-TNF therapy in daily rheumatology practice. 
Ann Rheum Dis 2007;66:1072-7.

	 18.	 van der Heijde D, Ramiro S, Landewé R, Baraliakos X, Van den 
Bosch F, Sepriano A, et al. 2016 update of the ASAS-EULAR 
management recommendations for axial spondyloarthritis. Ann 
Rheum Dis 2017;76:978.

	 19.	 Kroon F, Landewé R, Dougados M, van der Heijde D. Continuous 
NSAID use reverts the effects of inflammation on radiographic 
progression in patients with ankylosing spondylitis. Ann Rheum Dis 
2012;71:1623-9.

	 20.	 Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Marker-Hermann 
E, Zeidler H, et al. Effect of non-steroidal anti-inflammatory 
drugs on radiographic spinal progression in patients with axial 
spondyloarthritis: results from the German Spondyloarthritis 
Inception Cohort. Ann Rheum Dis 2012;71:1616-22.

	 21.	 Ward MM, Deodhar A, Gensler LS, Dubreuil M, Yu D, Khan MA, 
et al. 2019 update of the American College of Rheumatology/
Spondylitis Association of America/Spondyloarthritis Research 
and Treatment Network Recommendations for the treatment of 
ankylosing spondylitis and nonradiographic axial spondyloarthritis. 
Arthritis Rheumatol 2019;71:1599-613.

	 22.	 Brandt J, Khariouzov A, Listing J, Haibel H, Sörensen H, 
Grassnickel L, et al. Six-month results of a double-blind,  
placebo-controlled trial of etanercept treatment in patients with 
active ankylosing spondylitis. Arthritis Rheum 2003;48:1667-75.

	 23.	 Braun J, Brandt J, Listing J, Zink A, Alten R, Golder W, et al. 
Treatment of active ankylosing spondylitis with infliximab: a 
randomised controlled multicentre trial. Lancet 2002;359:1187-93.

	 24.	 Inman RD, Davis JC Jr., Heijde Dv, Diekman L, Sieper J, Kim SI, 
et al. Efficacy and safety of golimumab in patients with ankylosing 
spondylitis: results of a randomized, double-blind, placebo-
controlled, phase III trial. Arthritis Rheum 2008;58:3402-12.

	 25.	 Marin J, Acosta Felquer ML, Soriano ER. Spotlight on certolizumab 
pegol in the treatment of axial spondyloarthritis: efficacy, safety and 
place in therapy. Open Access Rheumatol 2018;10:33-41.

	 26.	 van der Heijde D, Schiff MH, Sieper J, Kivitz AJ, Wong RL, Kupper 
H, et al. Adalimumab effectiveness for the treatment of ankylosing 
spondylitis is maintained for up to 2 years: long-term results from 
the ATLAS trial. Ann Rheum Dis 2009;68:922-9.

	 27.	 van der Heijde D, Landewé R, Baraliakos X, Houben H, van 
Tubergen A, Williamson P, et al. Radiographic findings following 
two years of infliximab therapy in patients with ankylosing 
spondylitis. Arthritis Rheum 2008;58:3063-70.

	 28.	 Braun J, Kiltz U, Heldmann F, Baraliakos X. Emerging drugs for the 
treatment of axial and peripheral spondyloarthritis. Expert Opin 
Emerg Drugs 2015;20:1-14.

	 29.	 Braun J, Baraliakos X, Heldmann F, Kiltz U. Tumor necrosis factor 
alpha antagonists in the treatment of axial spondyloarthritis. Expert 
Opin Investig Drugs 2014;23:647-59.

	 30.	 Kiltz U, Heldmann F, Baraliakos X, Braun J. Treatment of 
ankylosing spondylitis in patients refractory to TNF-inhibition: are 
there alternatives? Curr Opin Rheumatol 2012;24:252-60.

	 31.	 Baraliakos X, Listing J, Brandt J, Zink A, Alten R, Burmester G, 
et al. Clinical response to discontinuation of anti-TNF therapy in 
patients with ankylosing spondylitis after 3 years of continuous 
treatment with infliximab. Arthritis Res Ther 2005;7:R439-44.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


8 The Journal of Rheumatology 2021;doi:10.3899/jrheum.201111

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved.

	 32.	 Davis JC Jr, Van Der Heijde D, Braun J, Dougados M, Cush J, Clegg 
DO, et al. Recombinant human tumor necrosis factor receptor 
(etanercept) for treating ankylosing spondylitis: a randomized, 
controlled trial. Arthritis Rheum 2003;48:3230-6.

	 33.	 van der Heijde D, Dijkmans B, Geusens P, Sieper J, DeWoody K, 
Williamson P, et al. Efficacy and safety of infliximab in patients with 
ankylosing spondylitis: results of a randomized, placebo-controlled 
trial (ASSERT). Arthritis Rheum 2005;52:582-91.

	 34.	 Dougados M, Baeten D. Spondyloarthritis. Lancet 2011; 
377:2127-37.

	 35.	 Braun J, Baraliakos X, Deodhar A, Poddubnyy D, Emery P, Delicha 
EM, et al. Secukinumab shows sustained efficacy and low structural 
progression in ankylosing spondylitis: 4-year results from the 
MEASURE 1 study. Rheumatology 2019;58:859-68.

	 36.	 Marzo-Ortega H, Sieper J, Kivitz A, Blanco R, Cohen M, Delicha 
EM, et al. Secukinumab provides sustained improvements in the 
signs and symptoms of active ankylosing spondylitis with high 
retention rate: 3-year results from the phase III trial, MEASURE 2. 
RMD Open 2017;3:e000592.

	 37.	 Pavelka K, Kivitz A, Dokoupilova E, Blanco R, Maradiaga M, Tahir 
H, et al. Efficacy, safety, and tolerability of secukinumab in patients 
with active ankylosing spondylitis: a randomized, double-blind 
phase 3 study, MEASURE 3. Arthritis Res Ther 2017;19:285.

	 38.	 Kivitz AJ, Wagner U, Dokoupilova E, Supronik J, Martin R, 
Talloczy Z, et al. Efficacy and safety of secukinumab 150 mg with 
and without loading regimen in ankylosing spondylitis: 104-week 
results from MEASURE 4 study. Rheumatol Ther 2018;5:447-62.

	 39.	 Huang F, Sun F, Wan W, Wu L, Dong L, Zhang X, et al. 
Secukinumab provides rapid and significant improvement in the 
signs and symptoms of ankylosing spondylitis: primary (16-week) 
results from a phase 3 China-centric study, MEASURE 5 [abstract]. 
Ann Rheum Dis 2019;78:894-5.

	 40.	 McInnes IB, Mease PJ, Ritchlin CT, Rahman P, Gottlieb AB, 
Kirkham B, et al. Secukinumab sustains improvement in signs and 
symptoms of psoriatic arthritis: 2 year results from the phase 3 
FUTURE 2 study. Rheumatology 2017;56:1993-2003.

	 41.	 Mease P, van der Heijde D, Landewé R, Mpofu S, Rahman P, Tahir 
H, et al. Secukinumab improves active psoriatic arthritis symptoms 
and inhibits radiographic progression: primary results from the 
randomised, double-blind, phase III FUTURE 5 study. Ann Rheum 
Dis 2018;77:890-7.

	 42.	 Mease PJ, McInnes IB, Kirkham B, Kavanaugh A, Rahman P, van 
der Heijde D, et al. Secukinumab inhibition of interleukin-17A in 
patients with psoriatic arthritis. N Eng J Med 2015;373:1329-39.

	 43.	 Schulz KF, Altman DG, Moher D; CONSORT Group. Consort 
2010 statement: updated guidelines for reporting parallel group 
randomised trials. BMC Med 2010;8:18.

	 44.	 van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic 
criteria for ankylosing spondylitis. A proposal for modification of 
the New York criteria. Arthritis Rheum 1984;27:361-8.

	 45.	 Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, 
Calin A. A new approach to defining disease status in ankylosing 
spondylitis: the Bath Ankylosing Spondylitis Disease Activity Index. 
J Rheumatol 1994;21:2286-91.

	 46.	 Baeten D, Sieper J, Braun J, Baraliakos X, Dougados M, Emery P, 
et al. Secukinumab, an interleukin-17A inhibitor, in ankylosing 
spondylitis. N Engl J Med 2015;373:2534-48.

	 47.	 Sivas F, Mermerci Başkan B, Erkol Inal E, Akbulut Aktekin L, Barça 
N, Ozoran K, et al. The relationship between enthesitis indices and 
disease activity parameters in patients with ankylosing spondylitis. 
Clin Rheumatol 2009;28:259-64.

	 48.	 Hamdi W, Chelli-Bouaziz M, Ahmed MS, Ghannouchi MM, Kaffel 
D, Ladeb MF, et al. Correlations among clinical, radiographic, and 
sonographic scores for enthesitis in ankylosing spondylitis. Joint 
Bone Spine 2011;78:270-4.

	 49.	 Baraliakos X, Coates L, Gossec L, Jeka S, Mera A, Schulz B, et 
al. Secukinumab improves axial manifestations in patients with 
psoriatic arthritis and inadequate response to NSAIDs: primary 
analysis of phase 3 trial [abstract]. Arthritis Rheumatol 2019; 
71 Suppl 10.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/

