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Etanercept Withdrawal and Retreatment in Nonradiographic 
Axial Spondyloarthritis: Results of RE-EMBARK,  
an Open-Label Phase IV Trial
Filip Van den Bosch1, James Cheng-Chung Wei2, Peter Nash3, Francisco J. Blanco4,  
Daniela Graham5, Chuanbo Zang6, Edmund Arthur7, Cecilia Borlenghi8, Vassilis Tsekouras9, 
Bonnie Vlahos10, and Atul Deodhar11

ABSTRACT. Objective. RE-EMBARK investigated etanercept (ETN) withdrawal and retreatment in patients with non-
radiographic axial spondyloarthritis (nr-axSpA) achieving inactive disease.

 Methods. Patients received ETN and a background nonsteroidal antiinflammatory drug for 24 weeks in 
period 1 (P1); those achieving inactive disease (Ankylosing Spondylitis Disease Activity Score [ASDAS] with 
C-reactive protein [CRP] < 1.3) discontinued ETN for 40 weeks or less (period 2 [P2]). Patients who flared 
(ASDAS with erythrocyte sedimentation rate [ESR] ≥ 2.1) were retreated for 12 weeks in period 3 (P3). The 
primary endpoint was the proportion of patients with inactive disease who flared within 40 weeks of ETN with-
drawal. Baseline characteristics were analyzed post hoc as predictors of maintenance and regaining of inactive 
disease, respectively, using univariate logistic and stepwise multivariable logistic regression models.

 Results. The proportion of patients experiencing flare following ETN withdrawal (P2) increased from 22.3% 
(25/112) after 4 weeks to 67% (77/115) after 40 weeks; 74.8% (86/115) experienced flare at any time during 
P2. Median time to flare was 16.1 weeks. Most patients (54/87, 62.1%) who were retreated with ETN in P3 
reachieved inactive disease. Absence of both sacroiliitis detected on magnetic resonance imaging (MRI) and 
high-sensitivity CRP (hs-CRP) > 3 mg/L at baseline predicted inactive disease maintenance in P2 following 
ETN withdrawal in multivariable analysis; male sex and age younger than 40 years predicted regaining of 
inactive disease in P3 after flare/retreatment. There were no unexpected safety signals.

 Conclusion. Approximately 25% of patients maintained inactive disease for 40 weeks after discontinuing 
ETN. Absence of both MRI sacroiliitis and high hs-CRP at baseline predicted response maintenance after 
ETN withdrawal. (ClinicalTrials.gov: NCT02509026)

 Key Indexing Terms: ankylosing spondylitis, biological therapy, etanercept, nonradiographic axial  
spondyloarthritis, retreatment
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Axial spondyloarthritis (axSpA) is a chronic inflammatory 
disease predominantly affecting the axial skeleton; the stage 
without definitive radiographic sacroiliitis is termed non -
radiographic disease (ie, nr-axSpA).1 AxSpA treatment guide-
lines recommend biologic disease-modifying antirheumatic 
drugs (bDMARDs) when the disease is not controlled by 
nonsteroidal antiinflammatory drugs (NSAIDs), initially with 
a tumor necrosis factor inhibitor (TNFi).2-5 The efficacy of the 
TNFi etanercept (ETN) in nr-axSpA was demonstrated by the 
EMBARK trial,6-8 where patients receiving ETN for 12 weeks 
showed rapid, significant improvements in disease activity6 that 
were maintained long term.7,8

 The 2016 Assessment of SpondyloArthritis interna-
tional Society (ASAS)–European Alliance of Associations 
for Rheumatology axSpA recommendations suggest tapering 
bDMARDs in “sustained remission,” with Ankylosing 
Spondylitis Disease Activity Score (ASDAS) inactive disease 
proposed as a definition of clinical remission, but they stop short 
of endorsing stopping treatment completely.2 Similarly, the 2018 
Asia Pacific League of Associations for Rheumatology axSpA 
treatment guidance does not recommend stopping treatment 
completely.3 The 2019 American College of Rheumatology 
recommendations for nr-axSpA advise against tapering of 
biologics as a standard approach.4

 Patients with axSpA typically have disease onset early in life9 
and are likely to start TNFi treatment early; therefore, treatment 
withdrawal upon achieving inactive disease is especially rele-
vant. Data on outcomes following treatment cessation, as well 
as understanding which patients might best respond, would be 
highly informative to patients and physicians. For ETN, clinical 
trial data remain sparse regarding maintenance of “remission” in 
nr-axSpA after treatment discontinuation.
 RE-EMBARK was a postapproval study requested by the 
European Medicines Agency to assess the frequency of flare after 
ETN withdrawal among patients with inactive disease and the 
efficacy and safety of retreatment after flare. Post hoc analyses 
explored baseline predictors of maintenance of inactive disease 
following ETN withdrawal and predictors of regaining inactive 
disease following flare and ETN retreatment.

METHODS
Study design and participant selection. RE-EMBARK (ClinicalTrials.gov: 
NCT02509026) was a multicenter, open-label, 3-period study that ran from 
September 2015 through September 2019. Patients with nr-axSpA enrolled 
at 62 sites across 14 countries (Figure 1). In period 1 (P1), all patients were 
treated with subcutaneous ETN 50 mg once weekly for 24 weeks, plus a 
stable background NSAID at the optimal tolerated antiinflammatory 
dosage per the investigator. Patients who achieved ASDAS with C-reactive 
protein (ASDAS-CRP) <  1.3 at week 24 (therapeutic target) entered 
period 2 (P2), a 40-week withdrawal period where patients discontinued 
ETN but maintained background NSAID. Patients who flared before week 
64 entered a 12-week retreatment period (period 3 [P3]) with ETN 50 mg 
once weekly.
 Eligible patients were aged 18 to 49 years with active (ie, ASDAS-CRP 
≥ 2.1) nr-axSpA as diagnosed by their rheumatologist, which fulfilled the 
ASAS axSpA classification criteria, but without definitive radiographic 
sacroiliitis according to the modified New York criteria. All radiographs and 
magnetic resonance imaging (MRI) scans were centrally read. Full inclusion 

and exclusion criteria, which were similar to those of EMBARK,6 are 
provided in the Supplementary Materials (available with the online version 
of this article).
Ethics and consent. The protocol and informed consent documentation 
were reviewed and approved by the Institutional Review Board and/or 
Independent Ethics Committee at each of the participating investigational 
sites (Supplementary Table S1, available with the online version of this 
article). There was no specific primary ethics committee for the study. Not 
all ethics committees used reference numbers; therefore, the study protocol 
number (B1801381) was used as reference. The study was conducted in 
compliance with the ethical principles originating in, or derived from, the 
Declaration of Helsinki and in compliance with all International Council 
for Harmonisation Good Clinical Practice Guidelines, and all local regu-
latory requirements were followed. All patients provided written informed 
consent to participate before study activities were initiated. No patients or 
members of the public were involved in the design of, recruitment to, or 
conduct of this study.
Study outcomes. The primary objective was to estimate the proportion of 
patients who flared within 40 weeks following ETN withdrawal among 
patients who achieved an ASDAS-CRP < 1.3 (ie, inactive disease). Flare was 
defined as an ASDAS with erythrocyte sedimentation rate (ASDAS-ESR) 
score ≥ 2.1. ASDAS-ESR was used for flare instead of ASDAS-CRP because 
results were available during patient visits, allowing immediate treatment 
decisions in the clinic.
 A key prespecified secondary objective was estimation of time to flare 
after ETN withdrawal compared with patients in the EMBARK study 
who met the entry requirements specified for the withdrawal period of 
RE-EMBARK (ie, achieved ASDAS-CRP < 1.3) but continued ETN 
therapy. Other secondary objectives evaluated the efficacy of ETN over 
24 weeks of initial treatment and the efficacy of 12 weeks of ETN retreat-
ment in patients who experienced flare after ETN withdrawal. These were 
based on the following endpoints: ASDAS-CRP <  1.3; ASAS20 and 
ASAS40; ASAS partial remission; ASDAS-CRP and ASDAS-ESR scores; 
ASDAS-CRP major improvement and clinically important improvement; 
nocturnal and total back pain; Bath Ankylosing Spondylitis Functional 
Index and its components; Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) and its components; BASDAI50; CRP; ESR; Maastricht 
Ankylosing Spondylitis Enthesitis Score; swollen and tender joint counts (44 
joints); EQ-5D, 36-item Short Form Health Survey, and Work Productivity 
and Activity Impairment; and Spondyloarthritis Research Consortium of 
Canada (SPARCC) sacroiliac joint (SIJ) and spine MRI scores. Safety was a 
secondary objective, based on treatment-emergent adverse events (TEAEs) 
and serious TEAEs.
Statistical analysis of primary and secondary endpoints. Sample size was 
determined based on primary and secondary endpoints, with the following 
assumptions: (1) for P1, an ASDAS-CRP inactive disease rate of 48% was 
assumed based on data from EMBARK, where the ASDAS-CRP inactive 
disease rate at week 24 was 47% for patients treated with ETN6; (2) for P2, 
a flare rate of 70% was assumed based on the ESTHER study, where 69% 
of patients treated with ETN flared after 1 year of withdrawal10; and (3) for 
P3, an ASDAS-CRP inactive disease rate of 60% was assumed based on data 
from ETN in pediatric patients with psoriasis,11 where 58% of patients with 
disease relapse achieved a Psoriasis Area and Severity Index-75 (PASI75) 
scores after 12 weeks of ETN retreatment. Enrollment of 200 patients 
was expected to result in 96 entering treatment withdrawal, and 70% were 
expected to flare following withdrawal, giving a half-width of the 95% CI on 
flare rate estimate of approximately 10%.
 Binary endpoints were summarized as numbers, percentages, and 95% 
CIs. For continuous endpoints, raw and change-from-baseline data were 
summarized using descriptive statistics. P1 baseline values were defined as 
the last available value of the screening and baseline visits. The P2 base-
line was defined as the last value before treatment withdrawal. The P3 
baseline was defined as the last P2 value before retreatment. P values for 
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change-from-baseline data were calculated using the paired t test. Analyses 
were performed for observed and last observation carried forward (LOCF) 
data, but no baseline values were carried forward. The Kaplan-Meier 
approach was used to estimate the median time to event and corresponding 
95% CIs, and to produce Kaplan-Meier plots. The Kaplan-Meier approach 
and life chart with the log-rank test for significance compared RE-EMBARK 
and EMBARK data. Cox proportional hazards models estimated the hazard 
ratio of RE-EMBARK vs EMBARK, with study and baseline characteristics 
as covariates.
Post hoc analysis of baseline predictors. Demographic and disease charac-
teristics at screening or P1 baseline were analyzed post hoc as categorical 
predictors of the maintenance of inactive disease and regaining inactive 
status in patients who entered P2 and P3, respectively, using univariate 
logistic regression and stepwise multivariable logistic regression models. For 
the stepwise regression, P values of 0.5 and 0.05 were used for variables to 
be included and to remain in the model, respectively. Significant predictors 
were identified and kept in the final model, while nonsignificant factors 
were subtracted. Analyses were based on observed cases.
 The following baseline factors that were considered potential response 
predictors for TNFi12-21 were included in the univariate and multivari-
able analyses for P2 and P3: age (< 40 yrs vs ≥ 40 yrs), BMI (calculated 
as weight in kilograms divided by height in meters squared; < 25 vs 
≥ 25), symptom duration (< 2 yrs vs ≥ 2 yrs), enthesitis (no enthesitis vs 
enthesitis), HLA-B27 status (negative vs positive), high-sensitivity CRP 
(hs-CRP; ≤ 3 mg/L vs > 3 mg/L), sacroiliitis on MRI at screening (nega-
tive vs positive), MRI SIJ SPARCC score (≤ 2 vs > 2), positive MRI plus 
hs-CRP > 3 mg/L (yes vs no), race (non-White vs White), sex, and weight 
(< 70 kg vs ≥ 70 kg).

RESULTS
Patients. A total of 209 patients were treated with open-label 
ETN in P1; 119 (56.9%) achieved inactive disease and entered 
the ETN withdrawal period (P2). Whereas 88 patients 
entered the ETN retreatment period (P3), 1 patient was not 
treated and not included in the safety or full analysis set for 
P3 (Figure 1).
 Patient demographics and disease characteristics at P1 
baseline are summarized in Table  1. Mean ASDAS-CRP and 
ASDAS-ESR scores at baseline were indicative of high to very 
high disease activity. Patient demographics were similar across 
the 3 periods (Supplementary Table S2, available with the 
online version of this article); however, the percentage of males 
was slightly higher in P2 (63.9%) and P3 (63.2%) than in P1 
(53.6%).
 Patient demographics at RE-EMBARK P2 baseline were 
generally comparable to those of the EMBARK study after 
24 weeks of ETN treatment, although more EMBARK patients 
were male (73.3% vs 64.3%) and Asian (27.6% vs 5.2%) and 
fewer were White (67.6% vs 91.3%; Supplementary Table S3, 
available with the online version of this article). Disease char-
acteristics following 24 weeks of ETN treatment were broadly 
similar for RE-EMBARK and EMBARK; where differences 
were noted, disease burden was usually higher in EMBARK than 
in RE-EMBARK.

Figure 1. a Patients were classified as P2 “completers” if they completed P2 without disease flare or if they flared at any time and moved 
to P3. b A total of 86 patients who experienced disease flare entered P3, plus 2 who did not flare (1 patient flared according to site 
ASDAS-ESR calculations but not final programming calculations, and 1 had a protocol violation). Although 88 patients entered 
Period 3, 1 patient withdrew from the study before treatment due to reason of “no longer willing to participate.” c The primary end-
point was the occurrence of flare (ASDAS-ESR ≥ 2.1) within 40 weeks following withdrawal of ETN (in P2). ASDAS: Ankylosing 
Spondylitis Disease Activity Score; BL: baseline; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ETN: etanercept; 
NSAID: nonsteroidal antiinflammatory drug; P: period; QW: once weekly; R: retreatment; Wk: week.
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Efficacy of ETN during initial treatment (P1). At week 24 (ie, end 
of P1), 58.7% (122/208) of patients achieved inactive disease 
(Figure 2), with 24.4% (51/209) achieving sustained inactive 
disease (ASDAS-CRP < 1.3 at weeks 12 or 16 and week 24); 
119 of these 122 patients continued to P2 (ie, ETN withdrawal). 
A significant decrease in ASDAS-CRP scores was observed at all 
P1 postbaseline visits (ie, weeks 4-24; Supplementary Table S4, 
available with the online version of this article).
Flare within 40 weeks of ETN withdrawal (P2). The proportion 
of patients experiencing flare increased during P2 from 22.3% 
(25/112; data for 3 patients not available) at week 28 to 67% 
(77/115) at week 64 (LOCF, P2 baseline values not carried 
forward; Figure 3A). An additional 9 patients experienced flare 
between P2 visits, so overall, 86 out of 115 patients (74.8%) flared 
within the 40 weeks following ETN withdrawal. These patients 
immediately entered P3 and restarted ETN. Fewer patients with 
(49/72, 68.1%) vs without (37/43, 86.0%) sustained responses 
during P1 experienced flare after ETN withdrawal.
 Whereas 50% of RE-EMBARK patients experienced flare 
within 16.1 (95% CI 12.6-24.0) weeks (approximately 113 days) 
of ETN withdrawal, less than 25% of patients from EMBARK 
who met the RE-EMBARK criteria for ETN withdrawal but 
continued ETN treatment experienced flare over 40 weeks 
(Figure 3B). Time to flare was significantly shorter in patients 
who discontinued ETN treatment in RE-EMBARK vs patients 
who continued ETN treatment in EMBARK (P < 0.0001; 
Supplementary Table S5, available with the online version of this 
article). Patients in EMBARK who continued ETN treatment 
had an 85% reduction in risk of experiencing flare vs patients in 
RE-EMBARK who discontinued ETN (hazard ratio 0.15, 95% 
CI 0.09-0.24; Cox proportional model).
Time to inactive disease after ETN retreatment (P3). In total, 87 
patients were treated in P3. By P3 end, 62.1% (54/87) of patients 
who were retreated with ETN for 12 weeks reachieved inactive 
disease, and 50% who reachieved inactive disease in P3 did so 
within 5.1 (95% CI 4.3-8.1) weeks (Kaplan-Meier analysis).

Table 1. Patient demographics and disease characteristics at P1 baseline.
  
  P1 Baseline Values, 
  N = 209

Age, yrs 33.1 (8.2)
Sex, male, n (%) 112 (53.6)
Race, n (%)  
 White 186 (89)
 Black 1 (0.5)
 Asian 14 (6.7)
 Other 8 (3.8)
BMIa 26.8 (5.8)
HLA-B27 positive, n (%) 162 (77.5)
Positive MRI sacroiliitis by ASAS criteria, n (%) 142 (67.9)
HLA-B27 positive and positive MRI sacroiliitis by 
 ASAS criteria, n (%) 96 (45.9)
Elevated CRP, n (%) 138 (66)
Duration of disease symptoms, yrs 1.9 (1.5)
Family history of SpA, n (%) 37 (17.7)
ASDAS-CRP 3.5 (0.9)
ASDAS-ESR 3.6 (0.9)
BASDAI total score (1-10) 6.4 (1.8)
BASFI total score (1-10) 4.7 (2.2)
CRP, mg/L 12.6 (20.8)
ESR, mm/h 26.7 (23.6)
MASES total score 2.9 (3.0)
SJC-44 2.3 (3.0)
TJC-44 6.0 (5.4)
Nocturnal back pain VAS 5.9 (2.5)
Total back pain VAS 6.0 (2.4)
Inflammation, cm 6.4 (2.1)
EQ-5D VAS 48.6 (21.2)
SF-36 MCS score 44.2 (10.7)
SF-36 PCS score 33.3 (7.1)
Patient assessment of disease activity, cm 6.3 (2.1)
Physician global assessment, cm 6.1 (1.9)
WPAI 50.8 (28.1)
SPARCC MRI SIJ score 8.5 (12.8)
SPARCC MRI 6 DVU spinal score 2.6 (6.7)
Inflammatory back pain, n (%) 199 (95.2)
Arthritis, n (%) 98 (46.9)
Enthesitis, n (%) 89 (42.6)
Psoriasis, n (%) 22 (10.5)
Anterior uveitis, n (%) 15 (7.2)

Data are in mean (SD) unless otherwise indicated. a BMI is calculated as 
weight in kilograms divided by height in meters squared. ASAS: Assessment 
of SpondyloArthritis international Society; ASDAS: Ankylosing 
Spondylitis Disease Activity Score; BASDAI: Bath Ankylosing Spondylitis 
Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional 
Index; CRP: C-reactive protein; DVU: discovertebral unit; ESR: eryth-
rocyte sedimentation rate; MASES: Maastricht Ankylosing Spondylitis 
Enthesitis Score; MCS: mental component summary; MRI: magnetic res-
onance imaging; P1: period 1; PCS: physical component summary; SF-36: 
36-item Short Form Health Survey; SIJ: sacroiliac joint; SJC-44: swollen 
joint count-44 joints; SpA: spondyloarthritis; SPARCC: Spondyloarthritis 
Research Consortium of Canada; TJC-44: tender joint count-44 
joints; VAS: visual analog scale; WPAI: Work Productivity and Activity 
Impairment.

Figure 2. Proportion of patients with inactive disease in P1. ASDAS-CRP: 
Ankylosing Spondylitis Disease Activity Score with C-reactive protein; P1: 
period 1.
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Additional secondary efficacy endpoints. There was a trend of 
improvement with ETN treatment in P1, worsening disease 
following ETN withdrawal in P2, and improvement in P3 
with ETN retreatment illustrated by the changing proportion 
of patients with inactive disease throughout RE-EMBARK 
(Supplementary Figure S1, available with the online version 
of this article). This trend was also observed across clinical, 
functional, and quality-of-life secondary outcome measures, 
with the exception of the mean 44-joint tender joint count 
(Table 2).

Baseline predictors of inactive disease maintenance following ETN 
withdrawal (P2). In univariate analyses, having hs-CRP ≤ 3 mg/L 
(odds ratio [OR] 3.30, 95% CI 1.14-9.52; P = 0.03) and the 
absence of both positive MRI and hs-CRP > 3 mg/L (OR 6.62, 
95% CI 1.43-30.53; P = 0.02) at P1 baseline were associated with 
maintenance of inactive disease following ETN withdrawal in 
P2 (Supplementary Table S6, available with the online version of 
this article), whereas other demographic factors, including sex, 
age, race, BMI, MRI sacroiliitis status, MRI SIJ SPARCC score, 
presence of enthesitis, and disease duration, were not associated.

Figure 3. Proportion of patientsa who flared within 40 weeks of ETN withdrawal (primary endpoint) (A) and 
Kaplan–Meier plot of the distribution of time-to-ASDAS flare (ASDAS-ESR ≥ 2.1) during the 40-week with-
drawal of ETN in RE-EMBARK and during 40 weeks without withdrawal of ETN in EMBARK (B). a Patient 
data were available for 115 patients at each week except for week 28 (data for 112 patients available); baseline 
values (from week 24) were not carried forward. ASDAS: Ankylosing Spondylitis Disease Activity Score; ESR: 
erythrocyte sedimentation rate; ETN: etanercept.
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 In multivariable analysis, the absence of a combination of 
positive MRI and hs-CRP greater than 3 mg/L at P1 study base-
line was a significant predictor of maintaining inactive disease 
following ETN withdrawal (OR 6.58, 95% CI 1.42-30.43; 
P = 0.02; Figure 4).
Baseline predictors of regaining inactive disease following flare/retreat-
ment (P3). Univariate analyses showed that male sex (OR 6.86, 95% 
CI 2.39-19.65; P < 0.001), age < 40 years (OR 7.64, 95% CI 2.53-
23.03; P < 0.001), and the absence of enthesitis (OR 3.10, 95% CI 
1.12-8.06; P = 0.03) at P1 baseline were associated with regaining 
inactive disease status following retreatment (Supplementary Table 
S6, available with the online version of this article).
 In multivariable analysis, male sex (OR 5.46, 95% CI 1.68-
17.72; P = 0.005) and age < 40 years (OR 8.10, 95% CI 2.10-
31.20; P = 0.002) significantly predicted the regaining of 
inactive disease following retreatment (Figure 4).

Safety. In total, 70.3% of patients in P1 vs 31.1% in P2 and 
33.3% in P3 had a TEAE; 2.9%, 0.8%, and 0%, respectively, 
reported a serious TEAE in each period (Supplementary 
Table S7, available with the online version of this article). In 
total, 6 (2.9%) patients withdrew because of TEAEs, all in P1. 
Viral upper respiratory tract infection was the most common 
TEAE during all 3 periods (15.8%, 4.2%, and 9.2%, respec-
tively). There was 1 (0.5%) serious infection in P1. Few patients 
reported prespecified TEAEs of clinical importance, including 
flares of inflammatory bowel disease (n = 1), psoriasis (n = 1), 
and uveitis (n = 2; Supplementary Table S7, available with the 
online version of this article).

DISCUSSION
RE-EMBARK was designed to prospectively evaluate the effect 
of ETN withdrawal on disease flare in patients with nr-axSpA 

Table 2. Secondary outcome measures.

   End of P1 (Week 24)   End of P2 (Week 64)   End of P3 (Week R12)  
  n/N (%) or n 95% CI Mean (SD) n/N (%) or n 95% CI Mean (SD) n/N (%) or n 95% CI Mean (SD)

ASDAS          
 Major improvementa 102/208 (49.0)  42.3-55.8 – 21/113 (18.6)  12.3-26.5 – 47/87 (54.0)  43.6-64.2 –
 Clinically important 
    improvementb 161/208 (77.4)  71.4-82.7 – 57/113 (50.4)  41.3-59.6 – 69/87 (79.3)  69.9-86.8 –
ASAS          
 ASAS20 173/208 (83.2)  77.7-87.8 – 79/102 (77.5)  68.7-84.7 – 75/87 (86.2)  77.8-92.2 –
 ASAS40 149/208 (71.6)  65.2-77.4 – 64/102 (62.7)  53.1-71.7 – 67/87 (77.0)  67.4-84.9 –
 Partial remissionc 121/208 (58.2)  51.4-64.7 – 42/102 (41.2)  32.0-50.9 – 46/87 (52.9)  42.4-63.1 –
BASDAI 50 156/208 (75.0)  68.8-80.5 – 48/115 (41.7)  33.0-50.9 – 72/87 (82.8)  73.8-89.6 –
EQ-5D           
 VAS > 82d 99/207 (47.8)  41.1-54.6 – 31/108 (28.7)  20.8-37.7 – 43/86 (50.0)  39.6-60.4 –
 Improvement from
     baseline of ≥ 0.05  159/207 (76.8)  70.7-82.2 – 66/108 (61.1)  51.7-69.9 – 71/86 (82.6)  73.5-89.4 –
Change from period baseline          
 ASDAS-CRP 208 – –2.02 (1.15) 113 – 1.46 (1.07)  85 – –1.61 (1.04)
 ASDAS-ESR 208 – –2.05 (1.17) 115 – 1.52 (1.12)  87 – –1.83 (0.90) 
 BASDAI total score 208 – –4.41 (2.49) 115 – 3.33 (2.82)  87 – –3.96 (2.42) 
 BASFI total score 208 – –3.10 (2.54) 114 – 2.27 (2.51)  86 – –2.83 (2.24) 
 CRP, mg/L 208 – –9.28 (18.90) 114 – 5.42 (11.28)  85 – –3.38 (8.36) 
 ESR, mm/h 208 – –15.44 (23.17) 115 – 6.78 (12.92)  87 – –7.24 (10.76) 
 MASES 206 – –1.55 (2.64) 107 – 0.75 (1.55)  79 – –1.08 (1.61) 
 SJC-44  96 – –1.92 (3.52) 47 – 0.04 (2.37)  18 – –0.72 (2.02) 
 TJC-44  96 – –3.15 (5.26) 47 – –0.09 (3.74)  18 – –1.72 (2.52) 
 Nocturnal back pain VAS 208 – –4.14 (2.88) 114 – 3.08 (3.06)  86 – –4.25 (2.74) 
 Total back pain VAS 208 – –4.05 (2.79) 114 – 3.10 (3.02)  86 – –4.15 (2.72) 
 EQ-5D index score 207 – 0.37 (0.37) 108 – –0.21 (0.27)  80 – 0.27 (0.31) 
 EQ-5D VAS 207 – 27.73 (26.74)  108 – –26.40 (30.51)  80 – 32.08 (26.25) 
 SF-36 MCS score 190 – 8.39 (10.69)  105 – –4.84 (8.31)  73 – 4.24 (7.61) 
 SF-36 PCS score 190 – 12.14 (9.37)  105 – –10.32 (9.64)  73 – 11.36 (8.61) 
 WPAI 137 – –29.93 (29.27)  87 – 25.06 (29.49)  64 – –29.69 (26.24) 
 SPARCC SIJ MRI score 143 – –6.08 (11.71) 29 – 1.45 (4.43)  46 – –1.96 (8.84) 
 SPARCC spine MRI score 144 – –1.52 (5.62) 30 – 0.77 (2.01)  44 – –0.70 (2.21) 

All data are LOCF. a Change in ASDAS-CRP score of ≥ 2.0 units. b Change in ASDAS-CRP score of ≥ 1.1 units. c A value of 20 on the 0 to 100–mm scale in each of the 4 ASAS20 domains.  
d Population norm. ASAS: Assessment of SpondyloArthritis international Society; ASDAS: Ankylosing Spondylitis Disease Activity Score; BASDAI: Bath Ankylosing Spondylitis Disease Activity 
Index; BASDAI 50: a 50% improvement in the initial BASDAI; BASFI: Bath Ankylosing Spondylitis Functional Index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; LOCF: 
last observation carried forward; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score; MCS: mental component summary; MRI: magnetic resonance imaging; P1: period 1; P2: period 2; 
P3: period 3; PCS: physical component summary; R12: retreatment at week 12; SF-36: 36-item Short Form Health Survey; SIJ: sacroiliac joint; SJC-44: swollen joint count-44 joints; SPARCC: 
Spondyloarthritis Research Consortium of Canada; TJC-44: tender joint count-44 joints; VAS: visual analog scale; WPAI: Work Productivity and Activity Impairment.
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who were in an inactive disease state. Post hoc analyses explored 
baseline predictors of the maintenance of inactive nr-axSpA 
disease following ETN withdrawal and predictors of regaining 
inactive disease status after ETN retreatment.
 Two prior studies investigated ETN discontinuation in 
patients with axSpA: a post hoc analysis of a small randomized 
controlled trial of ETN vs sulfasalazine (ESTHER),10 and 
a single-center retrospective cohort study.22 In ESTHER, 9 
out of 13 patients who achieved remission after 48 weeks of 
ETN treatment flared within 60 weeks of discontinuation. 
By week 108, 5 out of 9 patients who flared achieved ASAS 
partial remission with ETN retreatment. In RE-EMBARK, a 
retreatment response rate with ETN of 62% was observed over 
a relatively shorter treatment duration (12 vs 60 weeks). In the 
retrospective cohort study, more patients who discontinued 
ETN relapsed over 6 months compared with patients who 
tapered doses.22 However, only 19% of patients relapsed within 
6 months of ETN withdrawal. This lower relapse rate relative 
to that in ESTHER could be partly because of differences in 
treatment before withdrawal. In the Lian et al22 study, patients 
achieved clinical remission for 6 months before discontin-
uing treatment, whereas in RE-EMBARK, patients with 
ASDAS-CRP < 1.3 at week 24 discontinued ETN. Although 
patients were treated with ETN for a similar amount of time in 
both studies, only 24% of patients in RE-EMBARK achieved 
sustained inactive disease, whereas others experienced in  -
active disease for a short period before ETN withdrawal; fewer 
patients with sustained responses experienced flare compared 
with ESTHER.
 An early, aggressive, treat-to-target approach is recom-
mended in axSpA to improve outcomes.23 Another benefit of 
this strategy may determine whether some patients can maintain 
remission after expensive biologic treatment is discontinued. 

Results from RE-EMBARK suggest that treatment goals can 
be achieved even after ETN discontinuation in some (ie, 25%) 
patients. Studies of other TNFi medications—infliximab 
(IFX),24 adalimumab (ADA),25 certolizumab pegol (CZP),26 and 
ixekizumab27—demonstrated sustained responses in a portion of 
patients with axSpA following treatment withdrawal. Moreover, 
many patients in remission and who flared following withdrawal 
regained inactive disease status after retreatment. The obser-
vational REMINEA study of IFX for ankylosing spondylitis 
(AS) found that 58% of patients in persistent clinical remission 
(BASDAI ≤ 2 for 6-12 months) suffered relapse (BASDAI ≥ 4) 
during withdrawal, and 52% reachieved remission when IFX 
was restarted.24 The ABILITY-3 study of ADA for nr-axSpA 
reported that 47% of patients in sustained remission (ASDAS 
< 1.3 at weeks 16, 20, 24, and 28) did not flare during 40 weeks 
after discontinuation, and 57% regained ASDAS inactive disease 
status after 12 weeks of ADA retreatment.25 The C-OPTIMISE 
study of CZP for early axSpA reported that 20% of patients who 
achieved sustained remission (ASDAS < 1.3) over 48 weeks of 
open-label treatment before switching to placebo did not flare 
for a further 48 weeks. After 12 weeks of open-label retreat-
ment, 63% of patients who flared regained clinical remission.26 
In the COAST-Y study, 55% of patients with axSpA who were 
in remission following ixekizumab treatment flared within 
64 weeks of ixekizumab withdrawal.27 Many patients regained 
ASDAS low disease activity status (93%) or inactive disease 
status (44%) after 16 weeks of retreatment. These studies, 
together with RE-EMBARK, suggest that approximately 50% to 
80% of patients experience disease flare after TNFi withdrawal, 
but around 52% to 63% regain response once TNFi is restarted, 
and this happens quickly (within 12 weeks). The current treat-
ment paradigm for axSpA is “continuous treatment.”2,4 Studies 
such as RE-EMBARK challenge this paradigm, suggesting that 

Figure 4. Odds ratios for significant baselinea predictors of response maintenance in P2b 
(bottom panel) and inactive disease after flare and retreatment in P3 (top panel) based on mul-
tivariate analysis. a Characteristics at baseline of P1. b A total of 119 patients achieved inactive 
disease in P1, entered P2 and had ETN withdrawn; however, 4 patients had no efficacy eval-
uation during P2 and were therefore excluded from the predictor analysis. ETN: etanercept; 
hs-CRP: high-sensitivity C-reactive protein; MRI: magnetic resonance imaging; P: period.
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the need for maintenance treatment may vary by patient group 
after induction of remission.
 Half of the RE-EMBARK patients who achieved in  -
active disease maintained ASDAS-ESR <  2.1 (ie, low disease 
activity) over at least 16 weeks following ETN withdrawal. As 
temporary treatment discontinuations may be necessary (eg, 
planned surgery), these data can inform shared decision making 
regarding treatment interruptions and provide some reassurance 
that ETN interruptions of 16 weeks or less may be associated 
with sustained responses in a substantial portion of patients.
 Our analyses of baseline predictors of inactive disease main-
tenance after ETN withdrawal suggest that patients with both 
hs-CRP and MRI positivity at baseline, indicative of more severe 
disease, are significantly less likely to maintain inactive disease 
status following ETN withdrawal compared with patients with 
either negative MRI or normal hs-CRP. However, double posi-
tivity did not significantly affect the odds of achieving inactive 
disease upon ETN retreatment. Patients who are positive for 
only 1 of these factors at baseline may be more likely to maintain 
inactive disease status following ETN withdrawal.
 Male sex and age younger than 40 years were significant 
predictors of regaining inactive disease after a flare and sub -
sequent 12-week retreatment with ETN. Younger age is also a 
significant predictor of better response to TNFi in patients with 
AS.28,29 Sex-specific differences in disease activity in patients 
with axSpA have been reported: females generally present with 
higher disease activity, more pain, and worse quality of life.30 
Composite ASDAS scores were similar across sexes; however, 
this is likely driven by sex differences in the individual compo-
nents, with higher CRP levels in men and higher scores on other 
components in women.30,31 Nevertheless, sex was not a factor 
associated with maintenance of inactive disease following ETN 
withdrawal.
 Study limitations include the open-label design and absence 
of a control group, which may overestimate treatment effect.32 
Interpretation is also limited by the relatively small sample size 
in P2 and P3. To allow comparison of time-to-flare data from 
the EMBARK study, the 2 studies were similar for inclusion and 
exclusion criteria; however, this may limit generalizability given 
that participants in RE-EMBARK represent a selected clinical 
trial population. Supporting the cross-study comparison with 
EMBARK, patient demographics and baseline disease charac-
teristics were generally similar between the studies, although 
more patients in EMBARK were Asian, likely because of differ-
ences in study locations. Only those patients in EMBARK who 
met the entry requirements specified for the withdrawal period 
of the RE-EMBARK study were included in this analysis. 
Another limitation was using ASDAS-CRP to define inactive 
disease and ASDAS-ESR to define flare, for practical reasons; 
although these measures are clinically comparable, they are 
not identical. The ASDAS-ESR, however, serves as an identi-
fier of flare/disease activity relapse. In addition, RE-EMBARK 
did not investigate dose reductions or changing the dosing 
interval, although tapering treatment is recommended for some 
patients.2-4 Data from the randomized controlled C-OPTIMISE 
study26 as well as open-label33,34 and observational35-38 studies of 

TNFi suggest that dose tapering is an effective way of controlling 
axSpA in some patients and that such tapering is noninferior to 
full dose. Longitudinal axial MRI and radiographic data were 
not collected, so the effect of ETN withdrawal on irreversible 
structural damage could not be assessed. In addition, it was not 
necessary for patients in P1 to have sustained inactive disease 
at week 24 (ie, over > 1 study visit) to enter P2. As patients in 
RE-EMBARK were retreated with ETN after 1 flare, the study 
also did not address the potential effect of ETN retreatment in 
patients with more than 1 flare after ETN withdrawal. Finally, 
the analysis of baseline predictors of maintaining inactive disease 
after ETN withdrawal and regaining inactive disease upon 
retreatment was post hoc in nature.
 In conclusion, whereas most patients with nr-axSpA who 
achieved inactive disease with ETN flared after ETN with-
drawal, a quarter of the patients did not experience ASDAS flare 
for 40 weeks despite treatment discontinuation. While this is an 
encouraging outcome for early aggressive treatment with a TNFi 
in patients with nr-axSpA, further studies with longer follow-up 
are needed.
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