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Introduction
Randomized clinical trials (RCTs)-based evidence 
provides compelling data on the efficacy and safety 

of the tumor necrosis factor-α (TNF-α) blockers 
including adalimumab (ADA) in patients with 
spondyloarthritis.1–8 Disease activity reduction, 
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Abstract
Introduction: The administration of biologic disease-modifying antirheumatic drugs, including 
tumor necrosis factor (TNF)-α inhibitors, is observed to interfere with the disease activity and 
progression. In this study, we aimed to assess the effectiveness and response predictors of 
adalimumab (ADA), a TNF-α blocker, in patients with axial spondyloarthritis (AxSpA).
Methods: This study was a historical prospective, registry-based observational study on 
patients with AxSpA treated with first-line ADA after conventional drug failure. For evaluation 
and comparison, patients were divided into three groups according to the number of years 
from AxSpA diagnosis to initiation of ADA treatment: (A) <5 years, (B) 5–10 years, and (C) 
>10 years. The assessment instruments ankylosing spondylitis disease activity score (ASDAS), 
Bath ankylosing spondylitis activity index (BASDAI), Bath ankylosing spondylitis functional 
index (BASFI), health assessment questionnaire (HAQ), Short Form 36 questionnaire (SF-
36), and EuroQoL 5 dimension questionnaire (EQ-5D) were regularly administered for up to 
24 months of follow-up.
Results: This study included 1043 patients with AxSpA (9.2% with non-radiographic AxSpA, 
68.9% men). By month 6, a significantly higher proportion of patients with ASDAS remission 
(<1.3) was achieved upon earlier intervention in group A (30.1%) and B (32.9%) than in the late 
intervention group C (22.6%) (p ⩽ 0.05). At month 6, lower age and better BASFI at treatment 
initiation were identified as the strongest predictors of ASDAS remission in both univariable 
[odds ratio (OR): 0.956, p ⩽ 0.001; OR: 0.834, p ⩽ 0.001, respectively] and multivariable analyses 
(OR: 0.963, p ⩽ 0.001; OR: 0.859, p ⩽ 0.001, respectively). Earlier intervention also led to 
improvement in most patient-reported outcomes (PROs) based on HAQ, SF-36, and EQ-5D.
Conclusion: Results from the ATTRA registry concur with previous clinical trials that 
supported efficacy of TNF-α blockers and showed better treatment outcomes with early 
interventions, including reduction of disease activity and improvement in PROs. We identified 
age and BASFI as the main factors influencing treatment effectiveness.
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symptom relief, and corresponding improvements 
in functional status and patient-reported outcomes 
(PROs), along with a satisfactory safety profile, 
have led to the widespread use of TNF-α blockers 
in patients refractory or intolerance to conven-
tional therapies.9–12 In addition, the administration 
of biologic disease-modifying antirheumatic drugs 
(bDMARDs), including TNF-α inhibitors, can 
interfere with the structural progression of the dis-
ease, thus preserving the functional status and 
mobility of the patients in the long run.13–15 In line 
with this, the concept of having a ‘window of 
opportunity’ in axial spondyloarthritis (AxSpA) 
has been discussed.16–18 Despite improvements in 
the field of AxSpA, many unanswered questions 
remain, including when to start targeted therapies, 
such as cytokine inhibition.19–21 RCTs of TNF-α 
blockers in early AxSpA have yielded encouraging 
results, with greater treatment responses than in 
disease of longer duration, suggesting a favorable 
impact on both disease activity and radiographic 
progression.22–26 However, it is debatable whether 
the RCT evidence allows comparison and gener-
alization to common practice, notably when thera-
peutic responses in the real world appear to be 
significantly less. This might be caused by selec-
tion bias originating with the enrollment of patients 
into RCTs, resulting in a sample biased toward 
better education, higher socioeconomic status, and 
better mental or overall health.27 On the contrary, 
clinical registries handle relatively unselected 
patient groups, thus preserving valuable informa-
tion on the effectiveness and safety of the studied 
treatments in real-world settings.

In our historical prospective analysis of the Czech 
National Registry ATTRA, we conducted a 
detailed analysis and comparison of three sub-
groups of patients with AxSpA treated with first-
line ADA, after the failure of conventional drug 
therapy. The subgroups were defined by the length 
of the interval between AxSpA diagnosis and initi-
ation of ADA therapy. We hypothesized that ear-
lier interventions would lead to better treatment 
outcomes reflected in reduced disease activity and 
improved PROs. We also aimed to identify the 
baseline factors strongly associated with treatment 
success using univariate and multivariate analyses.

Methods

Study population
The ATTRA registry deals with collected 
anonymized clinical data, and all subjects enrolled 
in the study provided written consent for partici-
pation. The ATTRA registry historical prospec-
tive observational study was approved by the 
Czech Multicenter Research Ethics Committee 
(no. 201611S300). The reporting of this study 
conforms to the Strengthening the Reporting of 
Observational Studies in Epidemiology 
(STROBE) Statement. The study design is sum-
marized in Figure 1.

From the 1518 identified adult patients meeting the 
modified New York criteria for ankylosing spondy-
litis and the Assessment of Spondyloarthritis 
International Society criteria for AxSpA28 and 

Figure 1.  Study design: screening period (assessment of inclusion and exclusion criteria, summarized in ‘Supplemental Figure 1’), 
baseline (collection of patient and clinical characteristics, summarized in Table 1), study time points M (Month) 3, M6 and End of 
study at M24 (assessment of disease activity and patient-reported outcomes, summarized in Table 2), number of patients (pts.) at 
different time points displayed.
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treated with ADA, 1043 subjects were selected for 
further analysis. The remaining patients (475) were 
excluded based on exclusion criteria: (1) patients 
treated with ADA prior to entry into the registry, (2) 
juvenile form (⩽16 years of age) of AxSpA, (3) 
patients treated with different biologics prior to 
ADA, and (4) unknown date of diagnosis 
(Supplemental Figure 1). The enrollment period 
was from 1 January 2006 to 1 January 2018 
(Supplemental Figure 2). Both radiographic 
(N = 947; 90.8%) and non-radiographic (N = 96; 
9.2%) patients were included. All analyzed partici-
pants were treated with ADA as the first-line 
bDMARD after failure or intolerance to conven-
tional treatment before. Conventional treatment 
was defined as the use of two different nonsteroidal 
anti-inflammatory drugs in maximal therapeutic 
doses, each for ⩾4 weeks. Comparison and analysis 
were performed across three study groups defined 
by the length of the interval between the AxSpA 
diagnosis and the initiation of TNF-α inhibitor 
treatment. These three subgroups were character-
ized based on the onset of intervention, as follows: 
A, early (<5 years; N = 511; 49%); B, mid (5–
10 years; N = 240; 23%); and C, late (>10 years; 
N = 292; 28%) intervention.

Treatment response assessment
Treatment effectiveness was evaluated using the 
ankylosing spondylitis disease activity score 
(ASDAS)29 and the Bath ankylosing spondylitis 
activity index (BASDAI).30 Disease remission 
was defined as an ASDAS score <1.3. PROs 
were assessed using the Bath ankylosing spondy-
litis functional index (BASFI),31 the health assess-
ment questionnaire (HAQ), the SF-36 
(short-form 36 health survey), and the EuroQoL-5 
dimension questionnaire (EQ-5D).32 In the anal-
ysis identifying the strongest predictors associated 
with treatment success using univariate and mul-
tivariate models, ASDAS remission (score <1.3) 
and BASDAI 50 (a BASDAI score improvement 
of 50%) at month 6 were defined as primary tar-
gets. The laboratory inflammation markers 
C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR) were assessed. All evalua-
tions were performed at 3-month intervals for up 
to 24 months of follow-up.

Statistical analysis
A descriptive summary of patient characteristics 
was generated for all three subgroups. The available 
case analysis without imputation was performed. 

The median with 5th and 95th percentiles and the 
mean with standard deviation (SD) were calculated 
for continuous parameters. Absolute and relative 
frequencies (i.e. percentages) were used to describe 
categorical variables. We performed non-paramet-
ric Kruskal-Wallis testing for continuous variables 
and Pearson chi-square testing for categorical vari-
ables to test for significant differences among the 
three subgroups. We employed post hoc analysis to 
discover which subgroups differed in the tested 
parameters. Bonferroni corrections were used to 
control for multiple testing. Drug retention was cal-
culated using the Kaplan–Meier method. The esti-
mated probabilities of drug retention were compared 
using the log-rank test. Two survival curves were 
compared at a fixed point using the test described 
by Klein et al.33 For all tests, a p-value ⩽ 0.05 was 
considered significant. Predictive factors for both 
remission achievement (ASDAS < 1.3) and major 
clinical response BASDAI 50 were evaluated using 
univariable and multivariable logistic regression 
models. Statistically significant parameters from 
univariable models were put into the multivariable 
model with respect to correlation after clinical con-
sideration. Regression results are presented as odds 
ratios (ORs) with 95% confidence intervals (CIs). 
The analysis was performed using IBM Statistics 
25.0 and R (version 3.5.3).

Results

Patient baseline characteristics
The baseline characteristics are described in 
Table 1. As expected, majority of patients in 
Groups A, B, and C were male (66.9%, 69.2%, 
and 72.3%, respectively) with the radiographic 
form of AxSpA and were positive for the class I 
major histocompatibility allele HLA-B27 (87.4%, 
89.4%, and 95.5%, respectively). Age and disease 
duration were significantly different across groups 
(A: 35.1 years ± 9.9 SD, B: 32.5 years ± 10.1 SD, 
C: 28.4 years ± 9.1 SD), wherein group A has the 
highest mean age and shortest disease duration 
(A: 1.8 years ± 1.4 SD; B: 7.3 years ± 1.4 SD; C: 
18 years ± 7.6 SD). Similarly, the lowest age of 
ADA initiation was recorded for group A 
(37.0 years ± 9.9 SD), when compared with 
groups B (39.8 years ± 9.9 SD) and C 
(46.4 years ± 10.4 SD). Interestingly, the patient 
groups did not differ at baseline in disease activity 
measured using the BASDAI (A: 6.3 ± 1.6 SD; B: 
6.2 ± 1.8 SD; C: 6.6 ± 1.6 SD), ASDAS (A: 
4.0 ± 0.8 SD; B: 4.0 ± 0.8 SD; C: 4.2 ± 0.8 SD), 
or ESR (A: 31.6 mm/h ± 20.5 SD; B: 33.0 ± 19.1 
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SD; C: 35.7 ± 22.3 SD). Only slight differences 
in CRP levels were found (A: 23.7 mg/L ± 22.4 
SD; B: 26.1 ± 20.4 SD; C: 26.8 ± 22.8 SD). 
Meanwhile, group A had a higher proportion of 
patients with a solely axial manifestation (46.4% 
versus 37.4% and 34.5%, respectively) and a cor-
responding lower use of conventional synthetic 
disease-modifying antirheumatic drugs and glu-
cocorticoids in the past compared to group C. 
Patients in group C had the worst functional sta-
tus as measured with BASFI, which was sup-
ported by the HAQ results and some of the 
reported SF-36 domains (i.e. physical function-
ing, bodily pain, general health perceptions, social 
role functioning, and mental health). The 

baseline value from the EQ-5D showed no differ-
ences across groups.

Effectiveness
Table 2 highlights the effectiveness of treatments. 
The baseline median BASDAI and ASDAS values 
for all three subgroups reflected high disease activ-
ity in most of the patients (approximately 93% of 
the subjects had baseline BASDAI >4, and 
approximately 99% had an ASDAS above 2.1). 
Following ADA treatment initiation, the mean 
BASDAI values dropped across all three groups 
within the first 3 months; however, significant dif-
ferences between the groups A (2.8 ± 1.9 SD) and 

Table 1.  Baseline patient characteristics.

Parameter Group A
(N = 511)

Group B
(N = 240)

Group C
(N = 292)

Sex (male, %) 66.9 69.2 72.3

Age at diagnosis (years, mean ± SD) 35.1 ± 9.9 32.5 ± 10.1 28.4 ± 9.1

Age at BT initiation (years, mean ± SD) 37.0 ± 9.9 39.8 ± 9.9 46.4 ± 10.4

Disease duration (years, mean ± SD) 1.8 ± 1.4 7.3 ± 1.4 18.0 ± 7.6

HLA-B27 positivity (%) 87.4 89.4 95.5

Solely axial involvement (%) 46.4 37.4 34.5

Peripheral involvement (%) 53.6 62.6 65.5

Previous use of csDMARDs (%) 61.5 69.3 76.6

Previous use of GCs (%) 37.5 37.2 47.6

csDMARDs at baseline (%) 38.4 39.2 38.4

GCs at baseline (%) 17.8 15.4 15.4

CRP (mg/L, mean ± SD) 23.7 ± 22.4 26.1 ± 20.4 26.8 ± 22.8

ESR (mm/h, mean ± SD) 31.6 ± 20.5 33.0 ± 19.1 35.7 ± 22.3

ASDAS (mean ± SD) 4.0 ± 0.8 4.0 ± 0.8 4.2 ± 0.8

BASDAI (mean ± SD) 6.3 ± 1.6 6.2 ± 1.8 6.6 ± 1.6

BASFI (mean ± SD) 5.3 ± 2.2 5.2 ± 2.2 5.9 ± 2.2

HAQ (mean ± SD) 1.1 ± 0.5 1.1 ± 0.5 1.3 ± 0.5

EQ-5D (mean ± SD) 0.3 ± 0.3 0.3 ± 0.3 0.3 ± 0.3

ASDAS, ankylosing spondylitis disease activity score; BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, 
Bath ankylosing functional index; BT, biological treatment; CRP, C-reactive protein; csDMARDs, conventional synthetic 
disease-modifying antirheumatic drugs; EQ-5D, EuroQoL 5 dimension questionnaire; ESR, erythrocyte sedimentation  
ratio; GCs, glucocorticosteroids; HAQ, health assessment questionnaire.
Groups are defined by years from diagnosis to treatment initiation: Group A, <5 years; Group B, 5–10 years; Group C, >10 years.
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B (2.7 ± 2.0 SD) compared with group C 
(3.3 ± 1.9 SD) were observed. The mean values 
then subsequently decreased, while intergroup 
differences remained unchanged after 24 months, 
with group C having the worst results. Similar 
trends and significances were observed in ASDAS 
(A: 1.9 ± 0.9 SD; B: 2.0 ±  0.9 SD; C: 2.1 ± 0.9 
SD), with patients in group C having the worst 
results after the 2-year treatment. In contrast, the 
drug retention rate was not affected by the time of 
treatment initiation (Figure 2).

The proportion of patients persisting on treatment 
and who achieved inactive disease (ASDAS <1.3) 
measured at month 6 was significantly higher 
(p ⩽ 0.05) in groups A and B compared with group 
C. The differences were observed at months 12 and 
18 as well (Figure 3). Similarly, achieving BASDAI 
50 occurred in a significantly higher number of 
patients in groups A and B than in group C 
(p ⩽ 0.05) at month 6. Moreover, the differences 
were observed at months 3 and 12 (Figure 4).

PROs
The outcomes of all PROs are summarized in 
Table 2. Baseline BASFI after treatment initia-
tion improved in all analyzed patients; however, 
group C had the worst results and showed signifi-
cant differences with groups A and B. This was 
maintained during 2 years of follow-up.

HAQ values also significantly improved with ADA 
treatment. However, the differences between group 
C and the others remained unchanged and were 
consistent during the 2-year follow-up period.

After 3 months of ADA treatment, groups A and 
B responded the best in the EQ-5D, and group C 
had the worst response, which was statistically 
significant. The long-term trend followed the 
trend of the HAQ.

Following 1 year of ADA treatment, improve-
ments across all reported domains were observed 
in the PRO SF-36, with statistical significance 
between groups A and B compared with group C 
in physical functioning and in group A compared 
with group C in the domains of global health and 
social functioning.

Baseline predictors of the treatment response
In the next part of the analysis, we aimed to iden-
tify baseline predictors for ASDAS remission at Ta
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Figure 3.  The proportion of patients persisting in treatment who achieve remission (ASDAS < 1.3) versus 
treatment follow-up time. Shown are Kaplan–Meier curves. The key indicates the amount of delay from 
diagnosis of spondyloarthritis to initiation of adalimumab treatment. ASDAS, ankylosing spondylitis disease 
activity score.

Figure 2.  The proportion of patients persisting in adalimumab treatment versus treatment follow-up time. 
Shown are Kaplan–Meier curves. The key indicates the amount of delay from diagnosis of spondyloarthritis to 
initiation of adalimumab treatment.
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month 6. In the univariable models, group C 
(OR: 0.637, 95% CI: 0.412–0.987), along with 
other parameters such as female sex (OR: 0.629, 
95% CI: 0.431–0.919), higher age at the initia-
tion of ADA treatment (OR: 0.956, 95% CI: 
0.939–0.972), and peripheral joint involvement 
(OR: 0.568, 95% CI: 0.348–0.772), were nega-
tively associated with achieving the endpoint 
<1.3 (disease remission). Other negative predic-
tors were higher disease activity (i.e. higher 
BASDAI and ASDAS scores), worse BASFI val-
ues, and worse HAQ. Meanwhile, multivariable 
analysis identified age at the initiation of treat-
ment and worse BASFI values as the strongest 
negative predictors of achieving ASDAS <1.3 
(Table 3).

A slightly different perspective on treatment 
response predictors is provided by a 50% improve-
ment over baseline values (BASDAI 50), which is 
used as an alternative measurement tool in 
AxSpA. Similar to the baseline predictors of 
ASDAS remission, group C, higher age at ADA 
treatment initiation, peripheral joint involvement, 
and worse HAQ values negatively correlated with 
achieving this endpoint at month 6 in the univari-
able analysis. In contrast, positive predictors were 
higher disease activity as assessed by BASDAI 
and ASDAS and the natural logarithm of CRP. 
In the multivariable analysis, higher age at the 

initiation of ADA treatment, along with worse 
HAQ, were identified as negative predictors. On 
the contrary, higher BASDAI and CRP levels 
predicted a favorable response in achieving the 
BASDAI 50 endpoint (Table 4).

Discussion
Over the past decades, there has been a general 
approach of early management in various immune-
mediated inflammatory diseases (IMIDs).34–37 
This has been based on the hypothesis that early 
diagnosis and treatment may better control the 
underlying inflammatory character of the IMIDs 
and lead to favorable treatment outcomes, includ-
ing functional impairment and structural damage. 
In AxSpA, there is a growing number of RCTs 
using TNF-α blockers, which show encouraging 
results in early disease.22–26 However, these inter-
ventions are still lacking in a real-world setting 
based on the clinical registries data, which support 
and advocate early bDMARDs treatments in 
AxSpA. In this study, we aimed to investigate the 
differences between early-, mid-, and late-stage 
bDMARD interventions in common practice 
using prospective analysis of the ATTRA clinical 
registry. We also aimed to identify baseline predic-
tors of bDMARD treatment success using univari-
able and multivariable statistical analyses. We 
included a cohort of more than 1000 patients 

Figure 4.  The proportion of patients persisting in treatment who achieve BASDAI 50 versus follow-up time. 
Shown are Kaplan–Meier curves. The key indicates the amount of delay from diagnosis of spondyloarthritis to 
initiation of adalimumab treatment. BASDAI, Bath ankylosing spondylitis activity index.
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treated with first-line bDMARD-ADA following 
conventional drug failure and compared three dif-
ferent patient subgroups stratified by the length of 
the interval between AxSpA diagnosis and the ini-
tiation of treatment with the TNF-α blocker ADA. 
We decided to use this strategy and prioritize it 
over stratification by disease length (i.e. the dura-
tion from the appearance of the first symptom to 
AxSpA diagnosis/treatment initiation), since we 

believe that treatment with ADA is more accu-
rately reported in the registry, that is, with a signifi-
cantly lower error rate.38,39

In general, we found that early intervention led to 
significantly better outcomes. This was notable 
when comparing the effect of ADA on the kinet-
ics of the disease activity as measured with 
BASDAI or ASDAS, even though the baseline 

Table 3.  Treatment response predictors based on remission (ASDAS <1.3).

Endpoint: remission (ASDAS <1.3)  

Predictor OR (95% CI) p-value

Univariable analysis

Early treatment intervention (group A) Ref.  

Mid treatment intervention (group B) 1.18 (0.76–1.78) 0.448

Late treatment intervention (group C) 0.64 (0.41–0.99) 0.043

Age at treatment initiation 0.996 (0.939–0.972) <0.001

Female sex 0.63 (0.43–0.92) 0.017

Peripheral joint involvement (versus axial) 0.57 (0.35–0.77) <0.001

BASDAI 0.88 (0.79–0.97) 0.015

ASDAS 0.75 (0.6–0.95) 0.015

BASFI 0.83 (0.77–0.90) <0.001

EQ-5D 2.09 (1.21–3.61) 0.008

SF-36 – role physical 1.02 (1.01–1.02) <0.001

SF-36 – bodily pain 1.01 (1.00–1.03) 0.023

SF-36 – general health 1.01 (1.00–1.02) 0.049

SF-36 – social functioning 1.01 (1.00–1.02) 0.027

HAQ 0.51 (0.36–0.71) <0.001

Multivariable analysis

Age at treatment initiation 0.96 (0.95–0.98) <0.001

Mid treatment intervention (versus Early) 1.28 (0.82–1.98) 0.28

Late treatment intervention (versus Early) 0.93 (0.57–1.52) 0.776

Female sex 0.70 (0.47–1.05) 0.083

BASFI 0.86 (0.79–0.93) <0.001

ASDAS, ankylosing spondylitis disease activity score; BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, 
Bath ankylosing functional index; CI, confidence interval; EQ-5D, EuroQoL 5 dimension questionnaire; HAQ, health 
assessment questionnaire; OR, odds ratio; SF-36, Short Form 36 questionnaire.
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disease burden across the studied groups was 
equal. Both the mid (group B) and late (group C) 
intervention groups responded less well com-
pared with the early group (group A). Similar pat-
terns were observed when assessing BASFI, 
HAQ, EQ-5D, and SF-36, although all patients 
had a significant degree of response. This was 
constant across all groups during the 2-year fol-
low-up period, which supports early treatment. 
Our results agree with previous RCT observa-
tions where early intervention with ADA7 and 
other TNF-α inhibitors40,41 yielded better out-
comes, including a reduction in disease activity 
and an improvement in functional status. 

Moreover, the level of disease activity and func-
tional ability also determine and correlate with 
the PRO results and quality of life.11,42–45

The next part of our analysis focused on defining 
baseline predictors of the response to 6 months of 
ADA treatment. Based on our analysis, we showed 
that earlier interventions with ADA significantly 
predicted ASDAS remission. Whereas the early 
and mid groups did not significantly differ, the 
late intervention group had a significantly lower 
probability of achieving the endpoint in univaria-
ble analysis. Other predictors of poor outcomes 
were the female sex, older age, higher disease 

Table 4.  Treatment response predictors based on major clinical response (BASDAI 50).

Endpoint: major clinical response (BASDAI 50)  

Predictor OR (95% CI) p-value

Univariable analysis

Early treatment intervention (group A) Ref.  

Mid treatment intervention (group B) 1.09 (0.77–1.54) 0.639

Late treatment intervention (group C) 0.67 (0.49–0.92) 0.013

Age at treatment initiation 0.97 (0.96–0.98) <0.001

Peripheral arthritis (versus axial) 0.61 (0.45–0.84) 0.002

CRP 1.19 (1.01–1.41) 0.04

BASDAI 1.27 (1.16–1.38) <0.001

ASDAS 1.43 (1.13–1.82) 0.003

SF-36 – physical functioning 1.0 (1.003–1.11) 0.038

SF-36 – general health 1.10 (1.01–1.20) 0.025

HAQ 0.92 (0.87–0.97) 0.001

Multivariable analysis

Age at treatment initiation 0.97 (0.96–0.99) <0.001

Mid treatment intervention (versus Early) 1.12 (0.77–1.64) 0.556

Late treatment intervention (versus Early) 0.83 (0.57–1.21) 0.330

BASDAI 1.46 (1.31–1.62) <0.001

CRP 1.01 (1.00–1.02) 0.036

HAQ 0.42 (0.30–0.58) <0.001

ASDAS, ankylosing spondylitis disease activity score; BASDAI, Bath ankylosing spondylitis disease activity index; CI, 
confidence interval; CRP, C-reactive protein; HAQ, health assessment questionnaire; OR, odds ratio; SF-36, Short Form 36 
questionnaire.
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activity, peripheral joint involvement, worse func-
tional status, and low quality of life. Interestingly, 
when the significant variables were analyzed in the 
multivariable statistical model, we found that at 
month 6, age at treatment initiation and BASFI 
most affected the achievement of ASDAS <1.3. It 
was also evident that the age at bDMARD treat-
ment initiation did correlate with the ‘group’ 
parameter defined in our analysis, which is clearly 
seen in the baseline demography data (patients in 
group C started ADA treatment at a significantly 
more advanced age than did the first two groups). 
However, the ‘group’ parameter lost its statistical 
impact in the multivariable models, while ‘age’ 
gained significance. This is an important point 
that requires careful interpretation and encour-
ages the initiation of treatment in younger age 
groups. These findings are also consistent with 
those of previously published RCTs wherein 
younger age, male sex, HLA-B27 positivity, higher 
levels of acute-phase reactants, TNF-α naivety, 
and lower BASFI were identified as the strongest 
predictors of good clinical response and disease 
remission.46–48 A spectrum of response predictors, 
such as HLA-B27 positivity (DANBIO registry),49 
obesity (British Society for Rheumatology 
Biologics Register in Ankylosing Spondylitis),50 or 
quality of life (Groningen Leeuwarden Ankylosing 
Spondylitis cohort),51 has been demonstrated as 
factors that significantly influence the efficacy of 
TNF-α inhibitors in the registry-based studies 
representing real-world practice. Nevertheless, 
only very limited data are available on the age and 
disease duration.

A slightly different perspective can be accessed by 
using a different endpoint such as BASDAI 50. 
Again, in the univariable analysis, the early and 
mid patient groups did not significantly differ; 
however, the late-stage group had an approxi-
mately one-third lesser chance of reaching this 
endpoint than did the early-stage group A. Other 
predictors associated with poorer outcomes 
included more advanced age, peripheral joint 
involvement, and higher HAQ scores. 
Interestingly, among the remaining variables, 
higher baseline disease activity (BASDAI or 
ASDAS), along with higher CRP, predicted 
BASDAI 50 improvement. In the multivariable 
analysis, we observed once more the loss of statis-
tical impact of the ‘group’ variable on prediction 
and its transformation into the parameter of age 
of initiation of bDMARD therapy. The other 
important defined predictors of achieving this 

endpoint were worse HAQ, higher CRP, and 
higher BASDAI. Similar results have been pub-
lished by Rudwaleit et al.52 that presented a differ-
ent point of view on treatment predictors. These 
findings raise the question of why BASDAI 50 
differs from ASDAS remission in identifying pre-
dictors of disease activity among baseline meas-
urements. We assume that seemingly more room 
for improvement exists in patients initially mani-
festing with a higher disease burden or a higher 
CRP. Such an improvement certainly could mean 
a great relief for many of them, and it is presently 
debated whether improvement or the more strin-
gent achievement of remission would be the opti-
mal outcome for AxSpA in the real world, and 
whether we need to insist on remission as our 
only target.16,53 On the contrary, increased base-
line BASDAI scores may be associated with a 
higher risk of treatment discontinuation.54 
Regardless of the nature of the chosen primary 
targets, our results support early interventions 
and a lower age at the initiation of bDMARD 
therapy, which resulted in the best outcomes. Of 
course, safety issues and treatment costs must be 
carefully considered with such strategies. Based 
on our results, we believe that younger patients 
will benefit more from bDMARD treatment, as 
their functional capacity to improve seems to 
exceed that of the more elderly population. 
Whether the disease itself behaves and responds 
differently in younger patients than in elderly 
patients remains debatable.55

Our study has several strengths and limitations. 
We believe that our included cohort of more than 
1000 patients with well-balanced groups can gen-
erate quality results. On the contrary, the study 
was limited to one bDMARD, and it was a restro-
spective, uncontrolled, and non-randomized 
design, which might be restrictive. This study 
provides interesting insights and highlights the 
success of early interventions with TNF-α block-
ers in patients with spondyloarthritis.
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