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ABSTRACT.	 Objective. To determine, among patients with axial spondyloarthritis (axSpA), whether the risk of inflamma-
tory bowel disease (IBD) varies between patients treated with biologic therapies and those treated with other 
therapies and, specifically, whether the risk is higher in patients treated with etanercept (ETN).

	 Methods. The British Society for Rheumatology Biologics Register in Ankylosing Spondylitis (BSRBR-AS) 
was used to determine the incidence of IBD during follow-up and to calculate the incidence rate differ-
ence (IRD) per 1000 person-years (PY), between biologic treatment and other treatment groups. We then 
conducted a systematic review, involving observational studies and randomized controlled trials (RCTs), to 
perform a metaanalysis to quantify the difference in incidence of IBD between treatment groups.

	 Results. According to the BSRBR-AS, among people with axSpA, exposure to biologic therapy was asso-
ciated with an increased incidence of IBD compared to those who were not exposed to biologic therapy 
(IRD 11.9, 95% CI 4.3-19.6). This finding was replicated across observational studies but was not seen in 
placebo-controlled RCTs (IRD 2.2, 95% CI –4.1 to 8.5). Data from the BSRBR-AS do not suggest that 
excess incidence of IBD is associated with exposure to ETN compared to other anti–tumor necrosis factor 
(TNF) therapies (IRD –6.5, 95% CI –21.3 to 8.5). RCTs and their extensions suggest a small—yet not sta-
tistically significant—absolute increased incidence associated with ETN of between 2.1 and 5.8 per 1000 PY 
compared to other anti-TNF therapies.

	 Conclusion. There was an excess risk of IBD among persons treated with biologics in observational studies. 
Only evidence from RCTs suggested that ETN was associated with an increased risk compared to other 
anti-TNF therapies, albeit with considerable uncertainty.

	 Key Indexing Terms: axial spondyloarthritis, biologics, etanercept, inflammatory bowel disease, metaanalysis, 
tumor necrosis factor
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Inflammatory bowel disease (IBD) is one of the extramusculo-
skeletal manifestations (EMMs), formerly called extraarticular 
manifestations, associated with axial spondyloarthritis (axSpA). 
In a metaanalysis of 69 studies involving 30,410 patients with 
radiographic axSpA, Stolwijk et al1 reported a pooled prevalence 
of 6.8% (95% CI 6.1-7.7%). A further metaanalysis of studies 
comparing prevalence in radiographic versus nonradiographic 

axSpA reported a prevalence of IBD that was marginally lower 
in the former (–1.4%, 95% CI –2.9 to 0.1%).1,2

	 The prevalence of IBD  in the British Society for Rheumatology 
Biologics Register in Ankylosing Spondylitis (BSRBR-AS), 
which comprises 2 cohorts of patients with axSpA starting their 
first biologic therapy and those naïve to such therapy, has been 
reported as 10.2%.3 The same report found that being HLA-B27 
negative was the only clinical factor associated with the diagnosis 
of IBD. Among the cohort who were commencing anti–tumor 
necrosis factor (TNF) therapy, patients with IBD were much 
less likely to have been prescribed etanercept (ETN; ie, a soluble 
fusion protein) in comparison to the monoclonal antibodies 
in this cohort (ie, adalimumab [ADA], certolizumab pegol 
[CZP], and golimumab [GOL]; odds ratio [OR] 0.4, 95% CI 
0.2-0.6). A large study from Denmark of approximately 80,000 
patients with an autoimmune disease other than IBD, for which 
anti-TNF therapy is an indication, compared incident IBD 
according to therapy.4 Patients who had been treated with ETN 
had a significantly elevated risk of Crohn disease (hazard ratio 
[HR] 2.0, 95% CI 1.4-2.8) and ulcerative colitis (HR 2.0, 95% 
CI 1.5-2.8), an excess that was not observed with other anti-TNF 
agents.
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	 The aim of the current study was to use the BSRBR-AS to 
determine whether the incidence of IBD varies between patients 
treated with biologic therapy and those treated with other ther-
apies; specifically, we aimed to determine whether the incidence 
is higher in patients treated with ETN. We then combined the 
results with a metaanalysis of other studies identified by means 
of a systematic review to quantify any excess risk and uncertainty.

METHODS
BSRBR-AS. The UK-wide BSRBR-AS is a registry that recruited patients 
meeting Assessment of SpondyloArthritis international Society criteria 
for axSpA from 83 secondary care centers across Great Britain, between 
December 2012 and December 2017, and with follow-up until June 
2018. Details of the study have previously been published.5 All patients 
were naïve to biologic therapy at the time of recruitment; those who were 
about to commence an eligible biologic therapy were recruited to a biologic 
cohort, whereas those remaining on conventional therapy were recruited 
to a nonbiologic cohort. Different biologic therapies became eligible for 
recruitment at different times during the conduct of the study. Patients were 
followed up yearly, with additional follow-ups at 3 and 6 months after recruit-
ment for the biologic cohort. At recruitment and at each study follow-up, 
clinical information on IBD events was collected by trained research nurses: 
specifically, whether a diagnosis had been made and whether treatment had 
been prescribed. For the current analysis, participants were eligible provided 
that (1) information had been recorded in relation to IBD status; (2) they 
did not have a diagnosis of, or treatment for, IBD either at the time of, or 
up to 2 months after, recruitment; and (3) they had at least 1 follow-up. As 
the study involved analysis of risk of IBD associated with individual drugs, 
among those in the biologic cohort, participants who received multiple 
biologic drugs were not included.
	 Clinical information recorded on BSRBR-AS participants included 
disease duration (ie, time from symptom onset), HLA-B27 status, presence 
of extraarticular manifestations (ie, uveitis, psoriasis, enthesitis, peripheral 
joint disease, and dactylitis), and inflammation (ie, C-reactive protein, 
erythrocyte sedimentation rate, and BMI). Additionally, disease severity 
was assessed using the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI), which is scored from 0 (best) to 10 (worst),6 and the burden 
of comorbidities by means of a simple count of the presence of 14 clinical 
conditions.
	 Both subcohorts—biologic and nonbiologic—were followed up, 
and the number of incident IBD events were recorded. An exposure time 
interval, expressed in person-years (PY), was calculated as the time differ-
ence between 2 months after the start date of therapy, in the biologic 
cohort, or 2 months after the recruitment date, in the nonbiologic cohort, 
and either an IBD event or the date of last follow-up, whichever came first. 
Only a single case of IBD occurred in the 2-month time window from study 
entry or start of the biologic drug, not counted in the follow-up. The inci-
dence rate (IR) of IBD events, expressed as cases per 1000 PY, was calculated 
for both cohorts and by individual biologic drug used. CIs were calculated 
using the Byar method.7 Incidence rate ratios (IRRs), and incidence rate 
differences (IRDs) per 1000 PY, were used to compare treatment cohorts.
	 Since observational studies are prone to confounding by indication, we 
conducted a propensity analysis, which takes into account the factors asso-
ciated with receiving biologic therapy. Univariable logistic regression was 
performed to establish whether there was an association between baseline 
variables (ie, clinical and patient-reported variables) and membership in 
the biologic cohort. Forward stepwise regression was used and identified 
a group of variables associated with treatment (model entry at P ≤ 0.10 
and removal at P > 0.15). The probability of receiving biologic treatment 
(ie, the propensity score) was determined from the model. Discriminatory 
ability of the model was assessed by a receiver-operating characteristic curve, 
sensitivity, specificity, and percentage of correct classified participants. 

Cox proportional hazard models were used to determine whether there 
was an association between treatment and incident IBD.8 First, a model 
tested the crude association, then the model was adjusted for the quintiles 
of the propensity score. Schoenfeld residual tests were performed to check 
whether the hazards were proportional in these models.
	 All analyses were performed in Stata (version 15; StataCorp LLC) and 
OpenEpi (https://www.openepi.com/) using the December 2018 (ie, final 
data) download of the BSRBR-AS. The study received ethical approval 
from the UK National Research Ethics Service Committee North-East – 
County Durham and Tees Valley (Research Ethics Committee reference 
11/NE/0374), and all participants provided written informed consent.
Metaanalysis. To quantify the risk of developing IBD in patients with axSpA 
while under treatment with biologic agents, a systematic literature review 
(SLR) was conducted. A search of articles published up to the second 
week of July 2021 in PubMed, Embase, the Cochrane Library, and Web of 
Science was performed, using key terms and MeSH descriptors for axSpA, 
anti-TNF monoclonal antibody, and IBD. Additionally, a list of relevant 
randomized controlled trials (RCTs) that are not currently published—and 
are, therefore, not searchable within the above databases—were identified 
through www.ClinicalTrials.gov. After an initial search, the resultant list 
of publications was checked for eligibility using a 3-stage approach, which 
involved screening manuscript titles, abstracts, and full texts. Screening of 
titles and abstracts was performed by 2 researchers (O. Rotariu and RB), 
and discrepancies were discussed with a third author (LED), who acted as an 
adjudicator. Screening of full texts was performed by the same 2 researchers, 
with cross-checking of a random 10% of full texts by LED. Any discrep-
ancies were discussed and resolved by group consensus. Published reviews, 
metaanalyses, and conference abstracts identified by the search were used to 
identify additional studies. Screening of titles and abstracts was not applied 
to RCTs, with these proceeding immediately to the full-text stage.
	 To be considered for inclusion, the published study had to meet 
the following criteria: it included a population with ≥  1 group of adult 
patients, aged ≥ 17 years, who were clinically diagnosed with radiographic 
or nonradiographic axSpA or who met recognized international criteria; 
some patients diagnosed with axSpA were treated with a biologic agent; 
information on the number, proportion, and rate of new-onset IBD cases 
was presented, which allowed an effect measure to be extracted or calcu-
lated; for RCTs, the observation arm was placebo-controlled, and any open-
label extensions (OLEs) or extended treatment periods (ETPs) described 
a constant observation period without any break between the RCT and 
extension phases; and for observational studies, there was ≥ 1 comparator 
arm. After the final list of included studies had been identified, their refer-
ence lists were manually searched for additional relevant studies.
	 Eligible studies were categorized into 3 types: RCTs, OLEs or ETPs, and 
observational studies with comparator arm (OSCAs). Data extraction was 
performed using a predefined form, undertaken by 1 researcher (RB) and 
cross-checked by a second researcher (O. Rotariu), with any discrepancies 
discussed until a consensus was reached. Where there was no mention of 
IBD in a paper, it was excluded from the primary analysis. In situations where 
there were IBD cases recorded but there was uncertainty as to whether they 
were new-onset IBD or flares of existing IBD, these studies were excluded 
from the primary analysis. We then conducted 2 separate sensitivity analyses 
in which these cases were (1)  all considered to be new onset, and (2)  all 
considered to be flares. In situations where there was no mention of IBD in 
the paper but other EMMs were recorded, we included these studies in the 
sensitivity analyses in relation to RCTs and OLEs, assuming that no cases of 
IBD were recorded. The quality of certainty of the evidence of the included 
studies was addressed using version 2 of the Cochrane risk-of-bias tool for 
RCTs and the ROBINS-I tool (Risk of Bias in Non-randomized Studies - of 
Interventions) for OLEs, ETPs, and OSCAs.9,10

	 For RCTs and OLE or ETP studies, IRs of IBD were calculated—
expressed as the number of cases per 1000 PY—for each relevant study 
arm. In the event that exposure time was missing for noncompleters, this 
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was estimated assuming that the participants who did not complete the 
study were exposed for half of the total study duration. The comparison 
of the rates of developing IBD among different groups is expressed as 
both an IRR and an IRD. For OSCAs, ORs were calculated to compare 
the patients treated with biologics with those not treated with biologics.  
Mantel-Haenszel estimators with fixed effects were used to estimate a 
pooled effect size.7 Additional comparisons were made in relation to ETN 
vs placebo, vs other anti-TNF agents, and vs interleukin 17 (IL-17) agents, 
according to study type and available data.

RESULTS
Registry data. There were 1851 eligible patients in the 
BSRBR-AS; 69.2% were male, and the median age was 47.0 
(IQR 36.0-59.0) years. Out of these patients, 42.8% (n = 793) 
were commencing biologic therapy. Patients in the biologic 
cohort were, on average, younger with shorter axSpA duration, 
higher inflammatory markers, and poorer disease activity scores 
(BASDAI; Table 1). A lower proportion of the biologic cohort 

Table 1. Characteristics of eligible patients in BSRBR-AS.
	
			   Treated With Biologics, 	 Not Treated With Biologics, 
			   n = 793	 n = 1058

Demographic factors				  
	 Age, yrs, median (IQR)	 43.1 (33.8-53.4)	 50.6 (38.9-62.2)
	 Gender			 
		  Female	 238 (30.0)	 333 (31.5)
		  Male	 555 (70.0)	 725 (68.5)
Clinical factors				  
	 HLA-B27			 
		  Negative	 99 (19.9)	 126 (16.4)
		  Positive	 398 (80.1)	 642 (83.6)
	 Uveitis			 
		  Not present	 611 (77.1)	 792 (74.9)
		  Present	 182 (22.9)	 266 (25.1)
	 Psoriasis			 
		  Not present	 705 (88.9)	 970 (91.7)
		  Present	 88 (11.1)	 88 (8.3)
	 Enthesitis			 
		  Not present	 706 (89.0)	 967 (91.4)
		  Present	 87 (11.0)	 91 (8.6)
	 Peripheral joint disease			 
		  Not present	 635 (80.1)	 898 (84.9)
		  Present	 158 (19.9)	 160 (15.1)
	 Dactylitis			 
		  Not present	 757 (95.5)	 1022 (96.6)
		  Present	 36 (4.5)	 36 (3.4)
	 Symptom duration			 
		  Patients	 793 (100)	 1058 (100)
		  Years, median (IQR)	 12.0 (5.0-23.0)	 20.0 (10.0-33.0)
	 Disease activity: BASDAI			 
		  Patients	 653 (82.3)	 856 (80.1)
		  BASDAI scorea, median (IQR)	 6.4 (4.9-7.5)	 3.2 (1.7-5.2)
	 Inflammation: CRP			 
		  Patients	 670 (84.4)	 782 (73.9)
		  CRP, mg/dL, median (IQR)	 0.7 (0.2-2.2)	 0.5 (0.1-1.7)
	 Inflammation: ESR			 
		  Patients	 366 (46.2)	 334 (31.6)
		  ESR, mm/h, median (IQR)	 12.5 (5.0-27.0)	 8.5 (5.0-19.0)
	 BMI			 
		  Patients	 654 (82.5)	 914 (86.4)
		  BMI, kg/m2, median (IQR)	 27.0 (24.0-31.0)	 26.7 (23.9-30.2)
	 Comorbiditiesb			 

		  Patients	 787 (99.2)	 1054 (99.6)
		  No. of comorbidities, median (IQR)	 0.0 (0.0-1.0)	 0.0 (0.0-1.0)

Data are in n (%) unless otherwise indicated. a Disease activity scores on the BASDAI range from 0 (best) to 10 
(worst). b List of comorbidities, including those related to cardiovascular, respiratory, gastrointestinal, renal, and 
neurological conditions, are as follows: myocardial infarction, angina, heart failure, stroke, hypertension, diabetes, 
asthma, bronchitis, liver disease, renal disease, tuberculosis, demyelination, depression, and cancer. BASDAI: Bath 
Ankylosing Spondylitis Disease Activity Index; BSRBR-AS: British Society for Rheumatology Biologics Register 
in Ankylosing Spondylitis; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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were HLA-B27 positive (80.1% vs 83.6%); more patients in the 
cohort reported psoriasis, enthesitis, and peripheral joint disease; 
and fewer reported uveitis. There was little difference between 
the biologic and nonbiologic cohorts in terms of gender, BMI, 
number of comorbidities, or proportion with dactylitis. Among 
the 793 patients commencing biologic therapy, the majority 
were prescribed adalimumab (n = 454, 57.3%) or ETN (n = 253, 
31.9%), with smaller numbers prescribed CZP (n = 63, 7.9%), 
secukinumab (SEC; n = 9, 1.1%), and GOL (n = 13, 1.6%), and 
1 patient (0.1%) was prescribed infliximab (IFX).
	 Participants were followed up for up to 60 months, and 
within that time 35 incident cases of IBD were recorded. There 
were significantly more cases in the biologic cohort (22 cases; 
17.0 cases per 1000 PY) compared to the nonbiologic cohort 
(13 cases; 5.1 cases per 1000 PY), giving an IRR of 3.3 (95% 
CI 1.7-6.6) and an IRD of 11.9 per 1000 PY (95% CI 4.3-19.6; 
Table 2). Within the biologic cohort, 6 IBD cases were recorded 
among those treated with ETN (13.9 cases per 1000 PY) and 
16 were recorded among those treated with ADA (20.4 cases 
per 1000 PY). There was no significant difference in the IR of 
IBD between patients treated with ETN compared to those 
treated with nonbiologics (8.8 cases per 1000 PY, 95% CI –2.7 
to 20.3), nor between patients treated with ETN compared to 
those treated with any other anti-TNF agent (IRD –6.5, 95% CI 
–21.3 to 8.5).
	 Multivariable regression analysis determined that 3 factors 
were independently associated with receiving biologic therapy: 
BASDAI score, symptom duration, and age. The model showed 
good predictive power (Supplementary Table S1, available with 
the online version of this article). The percentage of patients 
treated with biologics increased from 8.3% to 80.1% across 
quintiles (Supplementary Table S2). The Cox proportional 
hazard model showed a significant association between treat-
ment with biologics and incident IBD (HR 2.5, 95% CI 1.2-5.1; 
Supplementary Table S3). Adjusting for the quintiles of the 
propensity score did not change the strength of the association, 

and the quintiles of the propensity score were not significant 
factors in the model (HR 1.00 for a unit increase in quintile,  
P = 0.99).
SLR and metaanalysis. A total of 6035 research articles and 213 
RCTs were initially identified through the keyword search, of 
which 994 and 4, respectively, were removed because of dupli-
cation (Supplementary Figure S1, available with the online 
version of this article). Of the remaining research articles, 3978 
were rejected at the title screening stage, 712 were removed 
during abstract screening, and 308 were removed after review of 
the full manuscripts. Of the 209 unique clinical trials initially 
identified via ClinicalTrials.gov, 19 trials were eligible, but the 
corresponding articles were already identified and included. All 
other trials (n = 190) were eventually rejected. Within the final 
43 included studies, 22 were RCTs,11-32 19 were OLEs or ETPs 
of trials,12,18,23,24,29-31,33-44 and 2 were OSCAs.45,46 The results from 
the BSRBR-AS study were added to the OSCAs for pooled 
analysis. Half of the RCTs had a high risk of bias, and there were 
some concerns of bias with the others (Supplementary Figures 
S2 and S3). All OLEs, ETPs, and OSCAs had a serious risk of 
bias (Supplementary Table S4, available with the online version 
of this article).
	 Among the RCTs, a total number of 3845 participants were 
exposed to biologic therapy across a follow-up of 1240.7 PY, 
as compared to 1895 participants exposed to a placebo across 
a follow-up of 582.6 PY (Table 3). In total, 7 new-onset IBD 
events were recorded in the biologic group, and 2 were recorded 
in the placebo group (IR 5.6 per 1000 PY, 95% CI 2.3-11.6 vs IR 
3.4 per 1000 PY, 95% CI 0.4-12.4; IRD 2.2, 95% CI –4.1 to 8.5; 
Table 4). Within the biologic-treated group, 2 of the incident 
IBD cases were noted among patients being treated with ETN 
(IR 8.1, 95% CI 0.9-29.4), 1 was noted among patients being 
treated with CZP (IR 9.5, 95% CI 0.1-52.7), 2 were noted among 
patients being treated with SEC (IR 5.0, 95% CI 0.6-17.9), and 
2 were noted among patients being treated with ixekizumab (IR 

Table 2. BSRBR-AS: incidence of IBD following use of biologic or nonbiologic therapy.

Cohort or Treatment	 New-Onset 	 Exposure 	 Incidence Rate 	 Incidence Rate Ratio 	 Incidence Rate  
		  IBD Cases, n	 Time, PY	 per 1000 PY (95% CI)	 (95% CI)	 Difference (95% CI)

Cohorts						    
	 Nonbiologic cohort, n = 1058	 13	 2547.6a	 5.1 (2.7 to 8.7)	 –	 –
	 Biologic cohortb, n = 793	 22	 1291.7	 17.0 (10.7 to 25.8)	 3.3 (1.7 to 6.6)	 11.9 (4.3 to 19.6)
Biologic treatments						    
	 ETN	 6	 431.3	 13.9 (5.1 to 30.3)	 –	 –
	 Adalimumab	 16	 784.2	 20.4 (11.7 to 33.1)	 –	 –
	 Certolizumab pegol	 0	 58.2	 –	 –	 –
	 Golimumab	 0	 14.7	 –	 –	 –
	 Infliximab	 0	 0.1	 –	 –	 –
	 Secukinumab	 0	 3.2	 –	 –	 –
Comparisons						    
	 ETN vs nonbiologics	 –	 –	 –	 2.7 (1.0 to 7.2)	 8.8 (–2.7 to 20.3)
	 ETN vs other anti-TNF	 –	 –	 –	 0.7 (0.3 to 1.8)	 –6.5 (–21.3 to 8.5)

a Includes 272.2 PY, which is the contribution from the 793 biologic-treated patients before commencing therapy. b This cohort was treated with single-biologic 
therapies. Anti-TNF: anti–tumor necrosis factor; BSRBR-AS: British Society for Rheumatology Biologics Register in Ankylosing Spondylitis; ETN: etaner-
cept; IBD: inflammatory bowel disease; PY: person-year.
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Table 3. Metaanalysis of randomized controlled trials: incidence rate of IBD by type of treatment.

Reference, First Author, Year		 Study Duration, 	 Patients 	 IBD Cases, n	 Follow-up, PY 	 Incidence Rate per  
				    Weeks	 Exposed, n			   1000 PY (95% CI)

Patients treated with placebo							     
	 Braun, 200211		  12	 35	 0	 8.1	 0.0
	 Gorman, 200212		  16	 20	 0	 5.7	 0.0
	 Davis, 200313		  24	 139	 1	 58.3	 17.2 (0.2-95.4)
	 Brandt, 200314		  6	 16	 0	 1.8	 0.0
	 Calin, 200415		  12	 39	 0	 8.7	 0.0
	 van der Heijde, 200516		  24	 78	 0	 34.8	 0.0
	 van der Heijde, 200617		  24	 107	 0	 33.0	 0.0
	 Haibel, 200818		  12	 24	 0	 5.5	 0.0
	 Dougados, 201419		  8	 48	 0	 6.2	 0.0
	 Dougados, 201420		  12	 109	 0	 24.8	 0.0
	 Baeten, 201521		  16	 122	 0	 36.5	 0.0
	 Baeten, 201521		  16	 74	 0	 21.8	 0.0
	 Landewe, 201422		  24	 107	 1	 37.7	 26.5 (0.4-147.6)
	 Pavelka, 202023		  16	 76	 0	 23.0	 0.0
	 Kivitz, 201824		  16	 117	 0	 35.7	 0.0
	 Deodhar, 201825		  16	 103	 0	 31.1	 0.0
	 Deodhar, 201926		  16	 104	 0	 30.3	 0.0
	 van der Heijde, 201827		  16	 87	 0	 26.6	 0.0
	 van der Heijde, 200628 		  12	 51	 0	 11.0	 0.0
	 Huang, 202029		  16	 153	 0	 46.5	 0.0
	 van der Heijde, 202030		  12	 60	 0	 13.8	 0.0
	 Deodhar, 202131		  20	 186	 0	 69.4	 0.0
	 Rusman, 202132		  16	 40	 0	 12.3	 0.0
	 Pooled analysis: placebo		  –	 1895	 2	 582.6	 3.4 (0.4-12.4)
Patients treated with etanercept							     
	 Gorman, 200212		  16	 20	 0	 6.1	 0.0
	 Davis, 200313		  24	 138	 1	 59.2	 16.9 (0.2-9)
	 Brandt, 200314		  6	 14	 1	 6.7	 149.3 (2.0-830.4)
	 Calin, 200415		  12	 45	 0	 9.6	 0.0
	 Dougados, 201419		  16	 86	 0	 17.8	 0.0
	 Dougados, 201420		  24	 208	 0	 70.3	 0.0
	 van der Heijde, 200628		  12	 305	 0	 64.1	 0.0
	 Rusman, 202132		  16	 40	 0	 12.0	 0.0
	 Pooled analysis: etanercept		  –	 856	 2	 245.8	 8.1 (0.9-29.4)
Patients treated with other anti-TNF therapy							     
	 Infliximab						    
		  Braun, 200211	 12	 34	 0	 7.8	 0.0
		  van der Heijde, 200516	 24	 201	 0	 92.1	 0.0
		  Total exposed	 –	 235	 0	 99.9	 0.0
	 Adalimumab						    
		  van der Heijde, 200617	 24	 280	 0	 108.0	 0.0
		  Haibel, 200818	 12	 22	 0	 5.1	 0.0
		  van der Heijde, 201827	 16	 90	 0	 27.4	 0.0
		  Total exposed	 –	 392	 0	 140.5	 0.0
	 Golimumab						    
		  Deodhar, 201825	 28	 204	 0 	 79.3	 0.0
		  Total exposed	 –	 204	 0	 79.3	 0.0
	 Certolizumab pegol						    
		  Landewe, 201422	 24	 274	 1	 105.6	 9.5 (0.1-52.7)
		  Total exposed	 –	 274	 1	 105.6	 9.5 (0.1-52.7)
	 Pooled analysis: other anti-TNF 	 –	 1105	 1	 425.3	 2.4 (0.03-13.1)
Patients treated with IL-17 inhibitors							     
	 Secukinumab						    
		  Baeten, 201521	 16	 249	 0	 77.2	 0.0
		  Baeten, 201521	 16	 145	 1	 43.7	 22.9 (0.3-127.3)
		  Pavelka, 202023	 16	 150	 0	 47.3	 0.0
		  Kivitz, 201824	 16	 233	 0	 71.7	 0.0
		  Huang, 202029	 16	 304	 0	 94.0	 0.0
		  Deodhar, 202131	 20	 184	 1	 69.2	 14.4 (0.2-80.4)
		  Total exposed	 –	 1265	 2	 403.1	 5.0 (0.6-17.9)
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18.0, 95% CI 2.0-65.0; Table 3). No new cases were observed 
among those treated with IFX, ADA, GOL, or bimekizumab. 
Compared to those being treated with another anti-TNF agent 
and those treated with an IL-17 inhibitor, the ETN group expe-
rienced an overall higher IR of IBD, although this was not statis-
tically significant (ETN vs another anti-TNF: IRD 5.8, 95% CI 
–6.4 to 18.0; ETN vs IL-17 inhibitor: IRD 1.1, 95% CI –12.1 to 
14.3; Table 4). There was an excess, again not statistically signif-
icant, comparing IL-17 with non-ETN anti-TNF therapy (IRD 
4.7, –3.6 to 13.0). Within the OLEs and ETPs, a total of 5072 
participants were exposed to a biologic agent for a total of 9313.4 
PY; there were 26 incident cases of IBD (IR 2.8 per 1000 PY, 
95% CI 1.8-4.1; Table 5). Overall, those treated with ETN expe-
rienced an increased incidence of IBD compared to those treated 
with another anti-TNF agent, as did those treated with IL-17 
compared to those treated with a non-ETN anti-TNF agent. 
The latter difference was statistically significant (IRD 2.1, 95% 
CI –1.0 to 5.2; IRD 2.8, 95% CI 0.8-4.7; Table 4).
	 Across the 2 observational studies identified through the 
SLR plus the above data from the BSRBR-AS, a total of 4024 
participants were exposed to a biologic agent, and 5154 were not 
exposed (Table 6). Over the estimated follow-up period (143-
260 weeks), 168 incident cases of IBD were observed in the 
biologic group, and 100 cases were observed within the nonbio-
logic group (OR 2.2, 95% CI 1.7-2.8). Those treated with ETN 

demonstrated increased odds of developing IBD compared to 
the nonbiologic group (OR 2.4, 95% CI 1.1-5.7), but there was 
no difference in comparison to other anti-TNF agents (OR 0.9, 
95% CI 0.4-2.1).
	 When we conducted sensitivity analyses taking into account 
uncertainties of IBD reporting, there were no substantial changes 
to the estimates obtained or the interpretation of the data (data 
not shown).

DISCUSSION
The BSRBR-AS demonstrates that, among patients with axSpA, 
those treated with biologic therapies are more likely to develop 
IBD (an excess of 11.9 per 1000 PY), and this conclusion is 
confirmed in the metaanalysis of observational studies. ETN did 
not carry a higher risk than other anti-TNF therapies. In RCTs, 
there was only a small (2.2 per 1000 PY) difference in IBD inci-
dence between biologic therapy and placebo groups, whereas 
among patients treated with anti-TNF, there was a small excess 
incidence associated with ETN noted in both RCTs and OLEs 
(5.8 per 1000 PY and 2.1 per 1000 PY, respectively). IL-17 
therapy also showed small excess risks compared to anti-TNF 
therapies other than ETN (4.7 per 1000 PY and 2.8 per 1000 
PY, respectively).
	 The findings of this study need to be considered in the context 
of some methodological issues. First, the quality of certainty 

Table 3. Continued.

Reference, First Author, Year		 Study Duration, 	 Patients 	 IBD Cases, n	 Follow-up, PY 	 Incidence Rate per  
				    Weeks	 Exposed, n			   1000 PY (95% CI)

	 Ixekizumab						    
		  Deodhar, 201926	 16	 212	 2	 61.7	 32.4 (3.6-117.0)
		  van der Heijde, 201827	 16	 164	 0	 49.4	 0.0
		  Total exposed	 –	 376	 2	 111.1	 18.0 (2.0-65.0)
	 Bimekizumab						    
		  van der Heijde, 202030	 12	 243	 0	 55.4	 0.0
		  Total exposed	 –	 243	 0	 55.4	 0.0
	 Pooled analysis: IL-17 inhibitors	 –	 1884	 4	 569.6	 7.0 (1.9-18.0)
Pooled analysis: all biologics	 –	 3845	 7	 1240.7	 5.6 (2.3-11.6)

Anti-TNF: anti–tumor necrosis factor; IBD: inflammatory bowel disease; IL-17: interleukin 17; PY: person-year.

Table 4. Metaanalysis: comparison between treatment groups.

Randomized Controlled Trials	 Incidence Rate Ratio 	 Incidence Rate Difference
		  (95% CI)	  per 1000 PY (95% CI)

Biologic vs placebo	 1.6 (0.3 to 7.9)	 2.2 (–4.1 to 8.5)
ETN vs placebo	 2.4 (0.3 to 16.8)	 4.7 (–7.5 to 16.9)
ETN vs other anti-TNF 	 3.5 (0.3 to 38.2)	 5.8 (–6.4 to 18.0)
ETN vs IL-17 	 1.2 (0.2 to 6.3)	 1.1 (–12.1 to 14.3)
IL-17 vs non-ETN anti-TNF 	 3.0 (0.3 to 26.7)	 4.7 (–3.6 to 13.0)
Open-label extensions or extended treatment periods			 
	 ETN vs other anti-TNF 	 3.5 (0.6 to 19.1)	 2.1 (–1.0 to 5.2)
	 ETN vs IL-17 	 0.8 (0.3 to 2.4)	 –0.7 (–4.0 to 2.6)
	 IL-17 vs non-ETN anti-TNF 	 4.3 (1.01 to 18.6)	 2.8 (0.8 to 4.7)

Anti-TNF: anti–tumor necrosis factor; ETN: etanercept; IL-17: interleukin 17; PY: person-year.
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of the evidence revealed moderate to high levels of bias for all 
eligible studies. Second, the evidence came from very different 
study designs, which leads to distinct patterns of exposure and 
length of follow-up across RCTs, OLEs, and ETPs. Therefore, 
incidence could reasonably be hypothesized to be related to 
duration of exposure and the time period for which subjects 
remained under observation. Therefore, a direct comparison of 
the results obtained from these different study designs should be 
treated with caution; further below, we consider methodological 
issues that may give rise to different results between RCTs and 
observational studies. Third, there were issues in the reporting 
of IBD within published studies, such that it was sometimes 
unclear whether events were new onset or flares; in studies 

where IBD was not mentioned, it was unclear as to whether no 
cases had been noted or IBD was not an event of interest. It was 
of note, therefore, that the results were robust to assumptions 
made, strengthening the conclusions made by the current study. 
Finally, although a metaanalysis was undertaken for observa-
tional studies, the current study is by far the biggest contributor 
of data in relation to risk related to ETN and, therefore, strongly 
influences the result.
	 Why might results vary between RCTs and observational 
studies? From a design point of view, RCTs should provide the 
highest-quality evidence, in that treatment is randomly allo-
cated. However, their relatively short periods of follow-up, even 
with OLEs, and their generally more restrictive eligibility criteria 

Table 5. Metaanalysis (RCT extension studies): incidence rates of IBD per 1000 PY using data from open-label extensions and extended treatment period safety 
trials.
 
Reference, First Author, Year	 Study Duration,	 Patients Exposed, n	 IBD Cases, n	 Follow-up, PY	 Incidence Rate per 
			   Weeks				    1000 PY (95% CI)

Patients treated with etanercept						    
	 Gorman, 200212	 43	 37	 0	 64.8	 0.0
	 Davis, 200833	 192	 257	 2	 650.0	 3.1 (0.4-11.1)
	 Martín-Mola, 201034	 264	 81	 2	 287.0	 7.0 (0.8-25.2)
	 Dougados, 201735	 104	 205	 0	 374.0	 0.0
	 Pooled analysis: etanercept	 –	 580	 4	 1375.8	 2.9 (0.8-7.4)
Patients treated with other anti-TNF therapy						    
	 Infliximab						    
		  Braun, 200836	 254	 69	 0	 235.6	 0.0
		  Braun, 200837	 102	 276	 0	 411.0	 0.0
		  Total		  345	 0	 646.6	 0.0
	 Golimumab						    
		  Reveille, 201938	 52	 204	 0	 203.2	 0.0
		  Total	 –	 204	 0	 203.2	 0.0
	 Adalimumab						    
		  Haibel, 200818	 52	 46	 0	 37.4	 0.0
		  van der Heijde, 200939	 104	 311	 1	 534.0	 1.8 (0.02-10.4)
		  Total	 –	 357	 1	 571.4	 1.8 (0.02-9.7)
	 Certolizumab pegol						    
		  van der Heijde, 201740	 204	 315	 1	 981.0	 1.02 (0.01-5.7)
		  Total	 –	 315	 1	 981.0	 1.02 (0.01-5.7)
	 Pooled analysis: other anti-TNF therapy	 –	 1221	 2	 2402.2	 0.83 (0.1-3.0)
Patients treated with IL-17 inhibitor therapy						    
	 Secukinumab						    
		  Pavelka, 202023	 156	 223	 0	 602.0	 0.00
		  Kivitz, 201824	 104	 346	 0	 602.5	 0.0
		  Huang, 202029	 52	 453	 0	 457.2	 0.0
		  Deodhar, 202131	 104	 543	 5	 757.9	 6.6 (2.1-15.4)
		  Marzo-Ortega, 202041	 260	 211	 5	 842.9	 5.9 (1.9-13.8)
		  Baraliakos, 201942	 260	 360	 6	 1425.0	 4.2 (1.5-9.2)
		  Total	 –	 2136	 16	 4687.5	 3.4 (2.0-5.5)
	 Ixekizumab						    
		  Dougados, 202043	 52	 641	 2	 510.2	 3.9 (0.4-14.2)
		  Deodhar, 202044	 52	 198	 1	 143.5	 7.0 (0.1-38.8)
		  Total	 –	 839	 3	 653.7	 4.6 (0.9-13.4)
	 Bimekizumab						    
		  van der Heijde, 202030	 36	 296	 1	 194.2	 5.2 (0.1-28.7)
		  Total exposed	 –	 296	 1	 194.2	 5.2 (0.1-28.7)
	 Pooled analysis: IL-17 therapy	 –	 3271	 20	 5535.4	 3.6 (2.2-5.6)
Pooled analysis: all biologics	 –	 5072	 26 	 9313.4	 2.8 (1.8-4.1)

Anti-TNF: anti–tumor necrosis factor; IBD: inflammatory bowel disease; IL-17: interleukin 17; PY: person-year; RCT: randomized controlled trial.
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for entry may work against finding a difference in incidence of 
IBD even if such a difference existed. We also acknowledge that 
the estimated combined effects from observational studies were 
unadjusted; this was necessary given that individual studies 
adjusted for different variables. The analysis and interpretation 
of observational studies is susceptible to confounding by indi-
cation. In a study of approximately 21,000 patients with axSpA 
registered in a health insurance fund in Germany, a history of 
IBD was associated with higher disease activity and a greater 
likelihood of treatment with biologic agents—as well as conven-
tional disease-modifying antirheumatic drugs—but lifestyle 
factors were similar.47 One reasonable hypothesis, in the absence 
of bias and confounding, is that factors associated with prescrip-
tion of biologic therapy are also associated with the risk of devel-
oping IBD. However, our propensity analysis showed that the 
HR for developing IBD was almost identical in unadjusted and 
adjusted models. As noted previously in the BSRBR-AS,3 prior 
diagnosis of IBD was associated with significantly lower odds of 
being prescribed ETN (OR 0.3, 95% CI 0.2-0.6). In the current 
dataset, the only factor significantly associated with treatment 
with ETN was a lack of a previous history of uveitis (data not 
shown); therefore, a propensity analysis could not be undertaken 
for this. A further methodological issue to consider is the possi-
bility of surveillance bias, namely that those who are under more 
intensive clinical follow-up (ie, patients treated with biologic 
therapy in the registry) have more opportunities for other diag-
noses to be made.
	 Within the trials, although the combined effect measures did 
not show statistical differences between groups, it is of note that 
there was a higher IR of IBD in the group treated with biologic 
agents compared to those not treated with biologic agents. Also, 
there was a small excess risk of IBD in those treated with ETN 
compared to other anti-TNF therapies. ETN is not effective for 
the treatment of IBD, and a possible paradoxical effect of its use 
being associated with increased IBD onset has been postulated48: 
438 cases were noted to have been reported to the US Food and 
Drug Administration Adverse Event Reporting System in a study 

from 2016,49 while a further 53 cases of IBD onset after treat-
ment with anti-TNF therapy were reported in the literature.50 
Most of the cases in the latter study were a result of treatment 
of juvenile idiopathic arthritis with ETN. The current study 
quantifies the possible excess incidence of IBD associated with 
the use of ETN in patients with axSpA at around 2 per 1000 PY 
of follow-up, based on OLEs or ETPs of trials, and around 6 per 
1000 PY based on RCTs. However, it is reassuring to note that 
the use of ETN in routine practice does not appear to be asso-
ciated with an excess risk. This suggests that patients at higher 
risk of developing IBD are less likely to be prescribed ETN by 
rheumatologists.
	 In summary, the relatively infrequent new onset of IBD in 
patients with axSpA means that even with a nationwide registry 
and a SLR, there still remains considerable uncertainty in the 
quantification of risk associated with biologic therapy, specifi-
cally ETN. However, 2 specific patterns are clear. A large excess 
risk evident in observational studies was not replicated in RCTs. 
Trials and their extensions do suggest a small absolute increased 
risk associated with ETN compared to other anti-TNF thera-
pies, and with IL-17 compared to anti-TNF therapies other than 
ETN, although with considerable uncertainty.

ACKNOWLEDGMENT
The original idea for the study was suggested by John Mansfield and dis-
cussed with Lesley Kay (both from Newcastle upon Tyne Hospitals NHS 
[UK National Health Service] Foundation Trust).

ONLINE SUPPLEMENT
Supplementary material accompanies the online version of this article.

REFERENCES
	 1.	 Stolwijk C, van Tubergen A, Dionisio Castillo-Ortiz J, Boonen 

A. Prevalence of extra-articular manifestations in patients with 
ankylosing spondylitis: a systematic review and meta-analysis. Ann 
Rheum Dis 2015;74:65-73.

	 2.	 de Winter JJ, van Mens LJ, van der Heijde D, Landewé R, 
Baeten DL. Prevalence of peripheral and extra-articular 

Table 6. Comparison of treatment groups among observational studies.

		  Biologic-Treated 	 Nonbiologic- 	 Biologic- 	 Nonbiologic- 	 OR (95% CI)	 Weight, %
		  Patients, n 	 Treated Patients, n	 Treated IBD, n	 Treated IBD, n				  

Any biologic treatment vs no biologic treatment							     
	 Walsh, 201845	 3077	 3830	 139	 84	 2.1 (1.6-2.8)		 84.7
	 Üsküdar Cansu, 201946	 154	 266	 7	 3	 4.2 (1.1-16.4)		 2.5
	 BSRBR-AS	 793	 1058	 22	 13	 2.3 (1.2-4.6)		 12.8
	 Pooled OR	 –	 –	 –	 –	 2.2 (1.7-2.8)		 100
Etanercept vs no biologic treatment								      
	 Üsküdar Cansu, 201946	 52	 266	 3	 3	 5.4 (1.1-27.4)		 15.9
	 BSRBR-AS	 253	 1058	 6	 13	 2.0 (0.7-5.2)		 84.1
	 Pooled OR	 –	 –	 –	 –	 2.4 (1.1-5.7)		 100
Etanercept vs other anti-TNF therapy								      
	 Üsküdar Cansu, 201946	 52	 102	 3	 4	 1.5 (0.3-7.0)		 20.2
	 BSRBR-AS	 253	 531	 6	 16	 0.8 (0.3-2.0)		 79.8
	 Pooled OR	 –	 –	 –	 –	 0.9 (0.4-2.1)		 100

Anti-TNF: anti–tumor necrosis factor; BSRBR-AS: British Society for Rheumatology Biologics Register in Ankylosing Spondylitis; IBD: inflammatory bowel 
disease; OR: odds ratio.

 www.jrheum.orgDownloaded on July 14, 2024 from 

http://www.jrheum.org/


9Macfarlane et al

disease in ankylosing spondylitis versus non-radiographic axial 
spondyloarthritis: a meta-analysis. Arthritis Res Ther 2016;18:196.

	 3.	 Derakhshan MH, Dean L, Jones GT, Siebert S, Gaffney K. 
Predictors of extra-articular manifestations in axial spondyloarthritis 
and their influence on TNF-inhibitor prescribing patterns: results 
from the British Society for Rheumatology Biologics Register in 
Ankylosing Spondylitis. RMD Open 2020;6:e001206.

	 4.	 Korzenik J, Larsen MD, Nielsen J, Kjeldsen J, Nørgård BM. 
Increased risk of developing Crohn’s disease or ulcerative colitis 
in 17 018 patients while under treatment with anti-TNFα agents, 
particularly etanercept, for autoimmune diseases other than 
inflammatory bowel disease. Aliment Pharmacol Ther 2019; 
50:289-94.

	 5.	 Macfarlane GJ, Barnish MS, Jones EA, et al. The British Society 
for Rheumatology Biologics Registers in Ankylosing Spondylitis 
(BSRBR-AS) study: protocol for a prospective cohort study of the 
long-term safety and quality of life outcomes of biologic treatment. 
BMC Musculoskelet Disord 2015;16:347.

	 6.	 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.

	 7.	 Breslow NE, Day NE. Statistical methods in cancer research. 
Volume II–the design and analysis of cohort studies. Lyon, France: 
International Agency for Research on Cancer; 1987.

	 8.	 Wiles NJ, Lunt M, Barrett EM, et al. Reduced disability at five years 
with early treatment of inflammatory polyarthritis: results from a 
large observational cohort, using propensity models to adjust for 
disease severity. Arthritis Rheum 2001;44:1033-42.

	 9.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ 2019;366:i4898.

	 10.	 Sterne JAC, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for 
assessing risk of bias in non-randomized studies of interventions. 
BMJ 2016;355:i4919.

	 11.	 Braun J, Brandt J, Listing J, et al. Treatment of active ankylosing 
spondylitis with infliximab: a randomised controlled multicentre 
trial. Lancet 2002;359:1187-93.

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

	 13.	 Davis Jr JC, van der Heijde D, Braun J, et al. Recombinant human 
tumor necrosis factor receptor (etanercept) for treating ankylosing 
spondylitis: a randomized, controlled trial. Arthritis Rheum 
2003;48:3230-6.

	 14.	 Brandt J, Khariouzov A, Listing J, 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.

	 15.	 Calin A, Dijkmans BA, Emery P, et al. Outcomes of a multicentre 
randomised clinical trial of etanercept to treat ankylosing 
spondylitis. Ann Rheum Dis 2004;63:1594-600.

	 16. 	 van der Heijde D, Dijkmans B, Geusens 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.

	 17. 	 van der Heijde D, Kivitz A, Schiff MH, et al. Efficacy and safety 
of adalimumab in patients with ankylosing spondylitis: results of 
a multicenter, randomized, double-blind, placebo-controlled trial. 
Arthritis Rheum 2006;54:2136-46.

	 18.	 Haibel H, Rudwaleit M, Listing J, et al. Efficacy of adalimumab in 
the treatment of axial spondylarthritis without radiographically 
defined sacroiliitis: results of a twelve-week randomized,  
double-blind, placebo-controlled trial followed by an open-label 
extension up to week 52. Arthritis Rheum 2008;58:1981-91.

	 19.	 Dougados M, Wood E, Combe B, et al. Evaluation of the 
nonsteroidal anti-inflammatory drug-sparing effect of etanercept 
in axial spondyloarthritis: results of the multicenter, randomized, 
double-blind, placebo-controlled SPARSE study. Arthritis Res Ther 
2014;16:481.

	 20.	 Dougados M, van der Heijde D, Sieper J, et al. Symptomatic efficacy 
of etanercept and its effects on objective signs of inflammation 
in early nonradiographic axial spondyloarthritis: a multicenter, 
randomized, double-blind, placebo-controlled trial. Arthritis 
Rheumatol 2014;66:2091-102.

	 21.	 Baeten D, Sieper J, Braun J, et al. Secukinumab, an interleukin-17A 
inhibitor, in ankylosing spondylitis. N Engl J Med 2015; 
373:2534-48.

	 22.	 Landewe R, Braun J, Deodhar A, et al. Efficacy of certolizumab 
pegol on signs and symptoms of axial spondyloarthritis including 
ankylosing spondylitis: 24-week results of a double-blind 
randomised placebo-controlled phase 3 study. Ann Rheum Dis 
2014;73:39-47.

	 23.	 Pavelka K, Kivitz AJ, Dokoupilova E, et al. Secukinumab 150/300 
mg provides sustained improvements in the signs and symptoms 
of active ankylosing spondylitis: 3-year results from the phase 3 
MEASURE 3 study. ACR Open Rheumatol 2020;2:119-27.

	 24.	 Kivitz AJ, Wagner U, Dokoupilova E, 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.

	 25.	 Deodhar A, Reveille JD, Harrison DD, et al. Safety and efficacy of 
golimumab administered intravenously in adults with ankylosing 
spondylitis: results through week 28 of the GO-ALIVE study.  
J Rheumatol 2018;45:341-8.

	 26.	 Deodhar A, Poddubnyy D, Pacheco-Tena C, et al. Efficacy 
and safety of ixekizumab in the treatment of radiographic axial 
spondyloarthritis: sixteen-week results from a phase III randomized, 
double-blind, placebo-controlled trial in patients with prior 
inadequate response to or intolerance of tumor necrosis factor 
inhibitors. Arthritis Rheumatol 2019;71:599-611.

	 27.	 van der Heijde D, Cheng-Chung Wei J, Dougados M, et al. 
Ixekizumab, an interleukin-17A antagonist in the treatment of 
ankylosing spondylitis or radiographic axial spondyloarthritis in 
patients previously untreated with biological disease-modifying 
anti-rheumatic drugs (COAST-V): 16 week results of a phase 3 
randomised, double-blind, active-controlled and placebo-controlled 
trial. Lancet 2018;392:2441-51.

	 28.	 van der Heijde D, Da Silva JC, Dougados M, et al. Etanercept 50 
mg once weekly is as effective as 25 mg twice weekly in patients with 
ankylosing spondylitis. Ann Rheum Dis 2006;65:1572-7.

	 29.	 Huang F, Sun F, Wan WG, et al. Secukinumab provided significant 
and sustained improvement in the signs and symptoms of ankylosing 
spondylitis: results from the 52-week, phase III China-centric study, 
MEASURE 5. Chin Med J 2020;133:2521-31.

	 30.	 van der Heijde D, Gensler LS, Deodhar A, et al. Dual neutralisation 
of interleukin-17A and interleukin-17F with bimekizumab in 
patients with active ankylosing spondylitis: results from a 48-week 
phase IIb, randomised, double-blind, placebo-controlled,  
dose-ranging study. Ann Rheum Dis 2020;79:595-604.

	 31.	 Deodhar A, Blanco R, Dokoupilová E, et al. Improvement of signs 
and symptoms of nonradiographic axial spondyloarthritis in patients 
treated with secukinumab: primary results of a randomized,  
placebo-controlled phase III study. Arthritis Rheumatol 
2021;73:110-20.

	 32.	 Rusman T, van der Weijden MAC, Nurmohamed MT, et al. 
Is treatment in patients with suspected nonradiographic axial 
spondyloarthritis effective? Six-month results of a  
placebo-controlled trial. Arthritis Rheumatol 2021;73:806-15.

 www.jrheum.orgDownloaded on July 14, 2024 from 

http://www.jrheum.org/


10 IBD in axSpA

	 33.	 Davis Jr JC, van der Heijde D, Braun J, et al. Efficacy and safety of 
up to 192 weeks of etanercept therapy in patients with ankylosing 
spondylitis. Ann Rheum Dis 2008;67:346-52.

	 34.	 Martín-Mola E, Sieper J, Leirisalo-Repo M, et al. Sustained efficacy 
and safety, including patient-reported outcomes, with etanercept 
treatment over 5 years in patients with ankylosing spondylitis. Clin 
Exp Rheumatol 2010;28:238-45.

	 35.	 Dougados M, van der Heijde D, Sieper J, et al. Effects of long-term 
etanercept treatment on clinical outcomes and objective signs of 
inflammation in early nonradiographic axial spondyloarthritis:  
104-week results from a randomized, placebo-controlled study. 
Arthritis Care Res 2017;69:1590-8.

	 36.	 Braun J, Baraliakos X, Listing J, et al. Persistent clinical efficacy and 
safety of anti-tumour necrosis factor alpha therapy with infliximab 
in patients with ankylosing spondylitis over 5 years: evidence for 
different types of response. Ann Rheum Dis 2008;67:340-5.

	 37.	 Braun J, Deodhar A, Dijkmans B, et al. Efficacy and safety of 
infliximab in patients with ankylosing spondylitis over a two-year 
period. Arthritis Rheum 2008;59:1270-8.

	 38.	 Reveille JD, Deodhar A, Caldron PH, et al. Safety and efficacy 
of intravenous golimumab in adults with ankylosing spondylitis: 
results through 1 year of the GO-ALIVE study. J Rheumatol 
2019;46:1277-83.

	 39.	 van der Heijde D, Schiff MH, Sieper J, 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.

	 40.	 van der Heijde D, Dougados M, Landewé R, et al. Sustained efficacy, 
safety and patient-reported outcomes of certolizumab pegol in 
axial spondyloarthritis: 4-year outcomes from RAPID-axSpA. 
Rheumatology 2017;56:1498-509.

	 41.	 Marzo-Ortega H, Sieper J, Kivitz AJ, et al. 5-year efficacy and 
safety of secukinumab in patients with ankylosing spondylitis: 
end-of-study results from the phase 3 MEASURE 2 trial. Lancet 
Rheumatol 2020;2:e339-46.

	 42.	 Baraliakos X, Braun J, Deodhar A, et al. Long-term efficacy and 
safety of secukinumab 150 mg in ankylosing spondylitis: 5-year 

results from the phase III MEASURE 1 extension study. RMD 
Open 2019;5:e001005.

	 43.	 Dougados M, Wei JCC, Landewé R, et al. Efficacy and safety 
of ixekizumab through 52 weeks in two phase 3, randomised, 
controlled clinical trials in patients with active radiographic axial 
spondyloarthritis (COAST-V and COAST-W). Ann Rheum Dis 
2020;79:176-85.

	 44.	 Deodhar A, van der Heijde D, Gensler LS, et al. Ixekizumab for 
patients with non-radiographic axial spondyloarthritis (COAST-X): 
a randomised, placebo-controlled trial. Lancet 2020;395:53-64.

	 45.	 Walsh JA, Song X, Kim G, Park Y. Evaluation of the comorbidity 
burden in patients with ankylosing spondylitis treated with tumour 
necrosis factor inhibitors using a large administrative claims data set. 
J Pharm Health Serv Res 2018;9:115-21.

	 46.	 Üsküdar Cansu D, Üsküdar Teke H, Temel T, Ertürk A, Kahraman 
O, Korkmaz C. Do anti-TNF agents increase the risk of 
inflammatory bowel disease evolution in patients with ankylosing 
spondylitis? Real life data. J Natl Med Assoc 2019;111:262-9.

	 47.	 Redeker I, Siegmund B, Ghoreschi K, et al. The impact of  
extra-musculoskeletal manifestations on disease activity, 
functional status, and treatment patterns in patients with axial 
spondyloarthritis: results from a nationwide population-based study. 
Ther Adv Musculoskelet Dis 2020;12:1-15.

	 48.	 Toussirot E, Houvenagel E, Goëb V, et al. Development of 
inflammatory bowel disease during anti-TNF-alpha therapy for 
inflammatory rheumatic disease: a nationwide series. Joint Bone 
Spine 2012;79:457-63.

	 49.	 O’Toole A, Lucci M, Korzenik J. Inflammatory bowel disease 
provoked by etanercept: report of 443 possible cases combined from 
an IBD referral center and the FDA. Dig Dis Sci 2016;61:1772-4.

	 50.	 Bieber A, Fawaz A, Novofastovski I, Mader R. Antitumor necrosis 
factor-α therapy associated with inflammatory bowel disease: three 
cases and a systematic literature review. J Rheumatol 2017; 
44:1088-95.

 www.jrheum.orgDownloaded on July 14, 2024 from 

http://www.jrheum.org/

