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Abstract

Objectives Factors associated with disease activity of axial spondyloarthritis (axSpA) and switching of biologic disease-
modifying anti-rheumatic drugs have not been clearly defined. We aimed to evaluate clinical characteristics of patients with
axSpA, factors related to remission in treat to target era and predictive factors for biologic disease-modifying anti-rheumatic
drug switching.

Method A multicenter, observational cross-sectional study was performed between February 2019 and August 2019. We
included all consecutive patients > 18 years with axSpA. Demographic and clinical variables were prospectively recorded.
Clinical tools included Ankylosing Spondylitis Disease Activity Score with C-reactive protein (ASDAS-CRP), Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Metrology Index (BASMI), and Maastricht
Ankylosing Spondylitis Enthesitis Score (MASES).

Results There were 969 patients with a mean age of 43.4 +10.8 years. There were 143 patients (14.8%) with remission and
223 (23.1%) patients with low disease activity. Male sex (p =0.021), positive family history (p =0.036), and human leuko-
cyte antigen-B27 (p=0.011) were predictors of remission by ASDAS-CRP. There were 654 patients (67.5%) who did not
switch to another drug. The highest BASMI and MASES scores were calculated in patients with very high disease activity
(»<0.05). In patients with drug switching, the disease duration was significantly higher (»p <0.001) and the age at diagno-
sis was significantly lower (p =0.016). There were significantly more patients with uveitis and higher scores of MASES
and BASMI in patients who switch to another biologic disease-modifying anti-rheumatic drugs (p =0.003, p=0.009, and
p=0.004, respectively).

Conclusions In patients with axSpA, male sex, younger age, and HLA-B27 positivity are associated with remission, while
longer disease duration and accompanied uveitis appear to be related with drug switching.

Clinical trial registration number and date NCT04139954/25.10.2019.

Key Points
o Achievement of remission and/or low disease activity rates in patients with axSpA were assessed in a big registry from a real-life data.
e Predictive factors for switching to another bDMARD were evaluated in axSpA patients.
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Introduction

Treatment of axial spondyloarthritis (axSpA) with two dif-
ferent dimensions, as radiographic and non-radiographic,
has included several challenges concerning therapeutic
options and their clinical responses [1, 2]. Biologic disease-
modifying anti-rheumatic drugs (bDMARDs) have been
used in patients with axSpA if they have clinically active
disease or objective signs of inflammation unresponsive to
the non-steroidal anti-inflammatory drugs (NSAIDs) [2, 3].
Their use has changed approaches for articular and extra-
articular manifestations of rheumatic diseases such as uvei-
tis, psoriasis, and inflammatory bowel disease [2, 4].

Clinical response to bDMARD treatment has been stud-
ied previously, focusing on disease activity and disease
progression [2]. In these studies, several factors, including
shorter disease duration, younger age, elevated C-reactive
protein (CRP), male sex, and presence of human leuko-
cyte antigen (HLA)-B27, are reported as the predictors
of clinical response and remission [3, 4]. However, many
controversial findings indicate none of these factors, alone
or in combination, cannot be regarded as adequate to tailor
the treatment [5].

Development of primary or secondary failure to
bDMARDs and serious adverse effects may necessitate
switching to another therapeutic option. No significant dif-
ferences in patients with and without switching for failure
or adverse events have been detected [6, 7]. So, the predic-
tion of switchers remains a controversial issue for axSpA.

Evaluation of disease activity and management in
patients with axSpA is quite complicated due to factors
such as enthesitis, dactylitis, and extra-articular involve-
ment such as uveitis or intestinal involvement [8]. The
Ankylosing Spondylitis Disease Activity Score (ASDAS)
blended with CRP covers multiple disease activity dimen-
sions [2]. Besides, other clinical tools, including the Bath
Ankylosing Spondylitis Disease Activity Index (BAS-
DAI), the Bath Ankylosing Spondylitis Metrology Index
(BASMI) for assessment of spinal mobility, and The Maas-
tricht Ankylosing Spondylitis Enthesitis Score (MASES),
for the assessment of enthesitis have also been used [9].

Treat to target (T2T) defined as a treatment strategy in
which the patient achieved sufficiently aggressively treat-
ment to obtain inactive disease. Minimal/low disease activity
is another option in patients with long-term disease, comor-
bidities, and resistance to treatment. Periodic evaluation of
disease activity and tight disease follow-up are expected to
be associated with better outcomes for axSpA. Tight disease
follow-up should be in accordance with acute phase reac-
tants, patient reported outcomes, and composite scales [10].

In this multicentered study, we aimed to evaluate the
demographic and clinical characteristics of axSpA patients
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in association with disease severity and where we are in
the T2T era. We also aimed to determine the predictive
factors for switching to another bDMARD in the same
patient group real-life data.

Materials and methods
Study

A multicenter, observational cross-sectional study evalu-
ated the patients with axSpA between February 2019 and
August 2019 using Biologic and targeted Synthetic anti-
rheumatic drugs Registry (BioStaR) SpA. It was a multi-
center, nationwide registry about biologic treatment on SpA.
There were 14 centers from Turkey. The local ethical com-
mittee approved the study (Turkey Medicines and Medical
Devices Agency, 66,175,679-514.99-E.6366, and Ankara
Numune Training and Research Hospital Ethics Commit-
tee, E-182413). All procedures were in accordance with the
Helsinki Declaration of 1964 and later versions. Written
informed consent was taken from the participants or from
the legally authorized representatives for the participants
who were illiterate or vulnerable.

Patients

We included all consecutive patients > 18 years with
axSpA. All patients included in the study were evaluated
and diagnosed by a rheumatologist or physical medicine
and rehabilitation specialist. Patients met the Assessment
of SpondyloArthritis international Society (ASAS) criteria
and patients were evaluated as non-radiographic axSpA and
radiographic axSpA [11, 12]. Cognitive disorders prevent
the reply to the scales and the questionnaires; skin disorders
other than psoriasis, chronic hepatic/renal diseases, coexist-
ing rheumatic diseases, malignancy, pregnancy, breastfeed-
ing, refusal to participate in the study, and missing data were
the exclusion criteria.

Evaluation of disease activity

The disease activity was classified based on the ASDAS-
CRP [10]. The disease activity groups were remission
(< 1.3), low disease activity (1.3 to <2.1), high disease activ-
ity (2.1-3.5), and very high disease activity (>3.5) [13, 14].
Erythrocyte sedimentation rate (ESR) (mm/h) and CRP
(mg/dL) were also measured as acute phase reactants.

Variables

Demographics, including age, sex, body mass index (BMI),
educational and marital status, smoking, family history of
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SpA, and presence of comorbidities, were recorded using
a prospective database. The educational status was classi-
fied as illiterate or primary, secondary or high school, and
university or higher. The parameters related to SpA such as
disease duration, symptom duration, age at the diagnosis,
age at the initiation of the symptoms, type of AXSpA as
radiographic and non-radiographic, HLA-B27 status, and the
presence of extra-articular manifestations (uveitis, psoriasis,
inflammatory bowel disease), enthesitis, and dactylitis were
recorded.

Previous and current drugs used for axSpA including con-
ventional and biological DMARDs and non-steroidal agents
were noted. We analyzed the status of drug switching from a
bDMARD to another bDMARD. The reasons for discontinu-
ing drugs and switching patients to a different biologic drug
were also classified into two major categories: inefficiency
and adverse effects.

Outcome measures

At the inclusion of the study, data concerning the patient’s
score reported outcomes were collected at a single time
point. The clinical tools used in the study included BAS-
DAI, MASES, BASMI, VAS global patient and VAS global
physician, and tender and swollen joint counts.

The MASES considers tenderness on examining 13
enthesis sites, graded from 0 to 3 (0 =no pain; 1 =mild ten-
derness; 2 =moderate tenderness; 3 =wince or withdraw).
The total range is from 0 to 39 [14]. The BASMI linear
score (cervical rotation, tragus-wall distance, lateral lumbar
flexion, modified Schober, intermalleolar distance measured)
was used to assess mobility with a range of 0—10. Higher
scores reflect worse mobility [14]. The patient’s global
assessment has been developed to reflect the impact of the
axSpA on the patient’s well-being. It consists of a single
question: “How active was your spondylitis on average dur-
ing the last week?” [15]. For peripheral joint assessment,
tender (68 joints) and swollen (66 joints) joint counts were
calculated separately.

Statistical analysis

All categorical variables were summarized with frequen-
cies and percentages. In contrast, the numerical variables
were summarized with mean and standard deviations (SD)
or medians and interquartile ranges (Q1, Q3) according to
their distributions in addition to minimum and maximum
values. The numerical variables were analyzed across two
groups with Mann—Whitney U test or 7-test and three groups
by Kruskal-Wallis test or ANOVA depending on their distri-
bution. The assumption of normality was assessed with Sha-
piro—Wilk test in addition to visual inspection by Q-Q and
PP plots. The homogeneity of variance was assessed using

Levene’s test. The significant group comparisons for three or
more groups were performed using the post hoc tests. Pair-
wise comparisons were conducted using the Mann—Whit-
ney U test, and Benjamini—Hochberg adjusted p-values were
evaluated. Odds ratios and corresponding 95% confidence
intervals were calculated for the parameters associated with
remission. A p-value smaller than 0.05 represents statis-
tical significance. The R version 4.0.2 (2020-06-22) was
employed for all analyses.

Results

There were 969 patients with a mean age of 43.4 +10.8 years.
The male-to-female ratio was 2.54. Secondary-high school
was the most common educational status seen in 55.4% of
the study group patients. Almost half of the patients (45.3%)
were non-smoker. In 261 patients (27.0%), there was posi-
tive family history of SpA. The initial median level of ESR
was 13 (6.0-26) mm/h, and the CRP level was 4 (2.1-10)
mg/L. The demographic and clinical findings of the study
are given in Table 1.

According to ASDAS-CRP, low disease activity was
found in 223 (23.0%) patients and there were 143 patients
(14.8%) with remission. The disease characteristics accord-
ing to the different severity groupings are detailed in Table 1.

There were significant differences in sex, educational
status, and family history of SpA between the different dis-
ease severity groups. The male-to-female ratio was higher in
patients with remission and moderate disease activity than
the other groups (p =0.014). Positive family history of SpA
was more frequently detected in patients with remission and
moderate disease activity (p =0.036). Other demographic
and clinical findings were similar between the groups
(p>0.05).

In the overall study group, a total of 473 patients’ HLA-
B27 results were obtained and the HLA-B27 positivity was
detected in 174 (36.8%) patients. But there were significantly
more HLAB-27-positive patients in the remission group
(p=0.005).

Analysis of the clinical tools with different disease
severity groups revealed significant associations (Table 2).
As the disease severity increased from moderate to very
severe disease, the clinical tools’ score also significantly
increased. The highest scores of the MASES, BASMI,
VAS global patient, and VAS global physician were cal-
culated in patients with very high disease activity (p <0.05
for all). The lowest scores were detected in patients with
remission. The BASMI scores for moderate, high, and
very high disease activity were significantly higher than
those in the remission group. The scores of the VAS global
patient and VAS global physician had increasing trends
from remission to very severe disease activity group.

@ Springer



2056

Clinical Rheumatology (2022) 41:2053-2063

Table 1 Demographic and clinical features of the study group (n=969) based on the disease severity according to ASDAS-CRP

Variable Overall (n=969) Remission Low dis- High disease Very high disease p
(n=143) ease activity activity activity (n=120)
(n=223) (n=483)
Age (year)’ 43.4+10.8 41.8+12.1 444+11.2 43.5+10.0 432+11.2 0.079
Sex* Female 274 (28.3) 28 (19.6) 56 (25.1) 154 (31.9) 36 (30.0) 0.021
Male 695 (71.7) 115 (80.4) 167 (74.9) 329 (68.1) 84 (70.0)
BMI (kg/m?) 27.8+4.5 272+4.8 27.1+42 27.5+4.5 27.0+4.6 0.672
Educational status* Illiterate-primary 286 (29.5) 26 (18.2) 63 (28.3) 164 (34.0) 33 (27.5) 0.009
Secondary-high 536 (55.4) 92 (64.3) 118 (52.9) 257 (53.3) 69 (57.5)
school
University or higher 146 (15.1) 25 (17.5) 42 (18.8) 61 (12.7) 18 (15.0)
Marital status* Married 794 (81.9) 112 (78.3) 179 (80.3) 404 (83.6) 99 (82.5) 0.447
Single 175 (18.1) 31 (21.7) 44 (19.7) 79 (16.4) 21 (17.5)
Smoking* Non-smoker 439 (45.3) 65 (45.5) 98 (43.9) 224 (46.4) 52 (43.3) 0.480
Ex-smoker 151 (15.6) 26 (18.2) 41 (18.4) 69 (14.3) 15 (12.5)
Active smoker 370 (38.2) 52 (36.4) 82 (36.8) 183 (37.9) 53 (44.2)
Unknown 9(0.9) 0(0.0) 2(0.9) 7(1.4) 0(0.0)
Family history of Positive 261 (27.0) 44 (30.8) 71 (31.8) 125 (25.9) 21 (17.5) 0.024
SpA*
Presence of 186 (19.2) 28 (19.6) 35 (15.7) 104 (21.5) 19 (15.8) 0.226
comorbidity*
Disease duration 95 (55, 156) 105 (58.5, 147.5) 104 (61, 163.5) 91 (52, 156) 95.5 (55, 145) 0.308
(month)¥
Age at the 32 (25, 40) 30 (23, 38.5) 32 (25,41.5)  33(26,40) 32 (24.8,42) 0.149
diagnosis¥
Age at the onset of 27 (21, 35) 25 (20, 33.5) 27 (21,35.5) 28 (22,35) 28.0 (21, 35) 0.111
symptoms¥
Type of axial SpA*  Radiographic 831 (85.8) 124 (86.7) 189 (84.8) 414 (85.7) 104 (86.7) 0.946
Non-radiographic 138 (14.2) 19 (13.3) 34 (15.2) 69 (14.3) 16 (13.3)
HLA-B27* Positive 174 (36.8) 49 (45.4) 80 (33.6) 18 (25.4) 27 (35.5) 0.005
Psoriasis* 16 (1.7) 2(1.4) 4(1.8) 8 (1.7) 2(1.7) 0.994
Uveitis* 118 (12.2) 15 (10.5) 31(13.9) 56 (11.6) 16 (13.3) 0.728
IBD# 19 (13.3) 32 (14.3) 63 (13.0) 15 (12.5) 129 (13.3) 0.959

"Mean + standard deviation, ¥ (%), ¥median (Q1, Q3)

ASDAS Ankylosing Spondylitis Disease Activity Score, CRP C-reactive protein, BMI body mass index, SpA spondyloarthritis, HLA human leu-
kocyte antigen, /BD inflammatory bowel disease

The median number of the tender joints was significantly
higher in patients with high and very high disease activ-
ity (p <0.001). There were more frequently swollen joints
in patients with very severe disease compared to the
patients’ remission (p =0.013). There were no significant
differences between the other groups. In the study group,
there were 654 patients (67.5%) who did not switch to
another drug. Remission rates were lower in the group that
switched to another bDMARD treatment compared to non-
switchers (9.2%; 17.4% respectively) (Table 2).

The median duration of the current bDMARD was higher
in patients with remission and moderate disease activity than
the other groups (p <0.001). The use of concomitant NSAID
was more frequently seen in patients with very high disease
activity (p <0.001) (Table 2).
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Odds ratios were calculated for the parameters associ-
ated with remission. Male sex and HLA-B27 positivity were
associated with remission (male sex: odds ratio 1.74 (95%
CI: 1.12-2.70; p=0.013); positive family history: odds ratio
1.24 (95% CI: 0.84-1.83; p=0.263); HLA-B27 positivity:
odds ratio 1.63 (95% CI: 1.05-1.52, p=0.027)).

The list of all drugs and their distribution based on the
drug switching status are given in Table 3. A total of 315
patients (32.5%) were in the drug switcher group; 236
patients (74.9% of the switchers) switched to a second
bDMARD, and 79 patients (25.1% of the switchers) were
treated with a third bDMARD. Among the cDMARD:s, sul-
fasalazine was the most frequently used drug seen in 619
patients (63.9%). In 86 patients (8.9%), we detected the use
of methotrexate. Adalimumab (43.1%), etanercept (40.4%),
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Table 2 Association of scores of outcome measures with disease severity based on ASDAS-CRP
Variable Overall (n=969) Remission (n=143) Low dis- High disease Very high disease p
ease activity activity activity (n=120)
(n=223) (n=483)
MASES¥ 2(0,4) 0(0,1.5) 0(0,2) 2(0,4.3) 4(2,6.5) <0.001
BASMF¥ 3(1,4) 1.0 (1, 3) 2(1,4) 3(2,4) 4(2,5) <0.001
VAS global patient 40 (30, 60) 10 (10, 27.5) 30 (20, 40) 50 (40, 60) 70 (60, 80) <0.001
VAS global physician* 40 (20, 60) 10 (10, 20) 30 (20, 40) 50 (30, 60) 65 (50, 80) <0.001
Tender joint count® 2(2,6) 1(0, 1) 2(1,2.8) 3(2,6) 42,7 <0.001
Swollen joint count¥ 0(,1) 0(0, 0) 0,1 1.0 (0, 1) 1.5(1,2) 0.013
ESR (mm/h)¥ 13.0 (6.0,26.0) 6.0 (4.0, 12.0) 8.0(5.0,17.0) 17.0(9.0,28.0) 34.0(18.0,47.0) <0.001
CRP (mg/L)¥ 4.0 (2.1, 10.0) 1.1(0.5,2.1) 3.0(1.7,39) 5.6(3.010.7) 19.0(10.7,36.0) <0.001
Drug switchingi Non-switcher 654 (67.5) 114 (17.4) 152 (23.2) 315 (48.1) 73 (11.1) 0.002
Switcher 315 (32.5) 29 (9.2) 71 (22.5) 168 (53.3) 51 (16.1)
Duration of current 34 (11, 68) 44 (23, 81) 43 (18,70.5)  29(10,65) 15 (4, 46) <0.001
bDMARD from initia-
tion (months)¥
Concomitant NSAT¥ 212 (22.3) 24 (17.0) 40 (18.1) 106 (22.4) 42 (36.5) <0.001
Concomitant cDMARD?* 43 (4.5) 2(1.4) 73.2) 29 (6.1) 54.3) 0.074

¥Median (Q1, Q3), ¥n (%)

ASDAS Ankylosing Spondylitis Disease Activity Score, CRP C-reactive protein, MASES Maastricht Ankylosing Spondylitis Enthesitis Score,
BASMI Bath Ankylosing Spondylitis Metrology Index, VAS visual analog scale, ESR erythrocyte sedimentation rate, NSAID non-steroidal anti-
inflammatory drug, cDMARD conventional disease-modifying anti-rheumatic drugs

Table 3 Treatment characteristics based on the drug switching status

Drug groups Overall (n=969) Non-switcher Switcher to second Switcher to
(n=654) bDMARD (n=236) third bODMARD
(n=179)
NSAID? 834 (86.1) 562 (85.9) 204 (86.4) 68 (86.1)
Corticosteroid? 66 (6.8) 40 (6.1) 21(8.9) 5(6.3)
c¢DMARD#* Methotrexate 86 (8.9) 40 (6.1) 31 (13.1) 15 (19.0)
Sulfasalazine 619 (63.9) 417 (63.8) 151 (64.0) 64 (81.0)
bDMARD? Adalimumab 418 (43.1) 202 (30.9) 152 (64.2) 64 (81.0)
Etanercept 391 (40.4) 185 (28.3) 141 (59.7) 65 (82.3)
Golimumab 279 (28.8) 158 (24.2) 68 (28.8) 51 (64.6)
Infliximab 187 (19.3) 73 (11.2) 64 (27.1) 50 (63.3)
Certolizumab pegol 91 (9.4) 36 (5.5) 28 (11.9) 27 (34.2)
Secukinumab 75 (7.7) 24 (3.7) 27 (11.4) 24 (30.4)
(%)

NSAID non-steroidal anti-inflammatory drug, cDMARD conventional disease-modifying anti-rheumatic drugs, bDMARD biologic disease-modi-

fying anti-rheumatic drugs

and golimumab (28.8%) were the most common bDMARDs
used in the study group.

The disease characteristics according to the status of
switching are summarized in Table 4. The median disease
duration was 89 months in non-switcher patients. In patients
with drug switching, the length of the disease duration
was significantly higher than that of non-switcher patients
(p<0.001). The age of diagnosis was significantly higher in
patients without drug switching (p =0.016). Other clinical

features except for uveitis were similar (p > 0.05). More
patients with uveitis in both groups switch to the second
and third bDMARD (p =0.003).

In patients with remission, 79.7% of the cases were
non-switcher. The measurement of ESR showed no differ-
ence between the drug groups (p=0.179). CRP was sig-
nificantly different between the groups (p <0.001). There
was a significant increasing trend from remission to very
high disease activity group. The mean ASDAS-CRP score

@ Springer



2058

Clinical Rheumatology (2022) 41:2053-2063

Table 4 Demographic and clinical characteristics of the study group (n=789) based on drug switching status

Variable Non-switcher (n=654) Switcher to second Switcher to third p
bDMARD (n=236) bDMARD (n=79)
Age (year)' 43.7+10.7 439+11.1 43.3+10.5 0.864
Sex* Female 182 (27.8) 68 (28.8) 24 (30.4) 0.873
Male 472 (72.2) 168 (71.2) 55 (69.6)
BMI (kg/m?)* 27.2+4.3 27.5+4.7 273+5.0 0.939
Education status* Illiterate-primary 205 (31.4) 62 (26.3) 19 (24.1) 0.457
Secondary-high school 354 (54.2) 136 (57.6) 46 (58.2)
University or higher 94 (14.4) 38 (16.1) 14 (17.7)
Marital status* Married 533 (81.5) 193 (81.8) 68 (86.1) 0.605
Single 121 (18.5) 43 (18.2) 11 (13.9)
Smoking? Non-smoker 304 (46.5) 100 (42.4) 35 (44.3) 0.953
Ex-smoker 98 (15.0) 41 (17.4) 12 (15.2)
Active smoker 246 (37.6) 93 (39.4) 31(39.2)
Unknown 6(0.9) 2(0.8) 1(1.3)
Family history of SpA* Positive 176 (27.0) 64 (27.1) 21 (26.6) 0.996
Presence of comorbidity* 116 (17.7) 50 (21.2) 20 (25.3) 0.182
Disease duration (month)¥ 89.0 (46.3, 144) 115.5(68.3, 177.3) 114.0 (72.5, 173.5) <0.001
Symptom duration (month)¥ 30.5 (12, 67.8) 36 (12, 61) 24 (13, 60.5) 0.947
Age at the diagnosis¥ 32.5(26,41) 31 (23, 39) 30 (22.5, 38) 0.016
Age at onset of symptoms¥ 27 (22, 35) 27.5 (20, 35) 25 (18, 34.5) 0.066
Type of axial SpAi Radiographic 551 (84.3) 206 (87.3) 74 (93.7) 0.057
Non-radiographic 103 (15.7) 30 (12.7) 5(6.3)
HLA-B27% Positive 123 (39.4) 42 (35.3) 9(214) 0.079
Psoriasis? 9(1.4) 6(2.5) 1(1.3) 0.465
Uveitis* 64 (9.8) 38 (16.1) 16 (20.3) 0.003
IBD* 96 (14.7) 29 (12.3) 4(5.1) 0.052

"Mean + standard deviation, *n (%), ¥median (Q1, Q3). ASDAS Ankylosing Spondylitis Disease Activity Score, CRP C-reactive protein, BMI
body mass index, SpA spondyloarthritis, HLA human leukocyte antigen, /BD inflammatory bowel disease

was significantly higher in the switcher patients to third
bDMARD (p <0.001). There were significantly higher
scores of the MASES and BASMI in patients who switched
to the third bDMARD than the other patients (p =0.009 and
p=0.004). Other outcome measures showed similar results
in patients with non-switcher and switchers (Table 5).

The reasons for switching of bDMARD are detailed in
Table 6. The overall ineffectiveness (64.8%) and adverse
effects (22.9%) were the most frequent reasons for drug
switching in patients who switch to the second bDMARD.

Discussion

The concept of T2T has become a current issue also in the
area of axSpA, with the assertive target of clinical remis-
sion [8]. Widespread confirmation of the real-life preva-
lence of remission and factors related with remission are
still not enough. This study, presenting multicenter nation-
wide real-life data, showed that male sex and HLA-B27
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were the predictors of remission in patients with axSpA
and positive family history of axSpA was detected more
frequently in remission. Moreover, there were significant
associations between drug switching and disease duration,
age at diagnosis, and uveitis in AXSpA patients.
Different parameter sets with variable factors, includ-
ing ASDAS, ASAS, and BASDAI, have been used for
predicting clinical response in axSpA patients [1, 3]. The
ASAS partial remission criteria were the most widely used
system for the definition of clinical remission [5]. It is a
matter of debate because it is purely subjective and lacks
objective indicators for disease activity. As a composite
score, ASDAS-CRP has been considered a better index
than the others [3—5]. CRP is an objective measure of
inflammation and has validated cut-offs for various lev-
els of disease activity. Combining the scores of clinical
tools with CRP causes some improvement, which is the
main advantage of ASDAS [16]. It can also differentiate
between complete remission and low disease activity [5].
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Table 5 Association of outcome measures associated with drug switching status

Variable Non-switcher (n=654) Switcher to second Switcher to third p
bDMARD (n=236) bDMARD (n=79)
ASDAS-CRP? 2.268+0.952 2.401+0.923 2.777+£0.921 0.001
BASDAT¥ 3(2,44) 3.2(2.1,4.8) 3.0(2,5) 0.433
BASDAI groups* BASDAI<4 392 (66.3) 141 (64.4) 46 (59.7) 0.495
BASDAI>4 199 (33.7) 78 (35.6) 31 (40.3)

MASES¥ 2(0,3) 2(0,4) 3(1,6) 0.009
BASMI¥ 2(1,4) 3(2,4) 3(1,4) 0.004
VAS global patient® 40 (20, 60) 40 (30, 60) 50 (30, 70) 0.205
VAS global physician* 40 (20, 60) 40 (20, 50) 50 (27.5, 60) 0.094
Tender joint* 2(2,6) 2(1,4) 4(2.3,9.8) 0.068
Swollen joint* 0(0,1) 0(0, 1) 1(0.5,1.5) 0.844
ESR (mm/h)¥ 13 (6, 26) 14.(7,27) 16 (6, 30) 0.179
CRP (mg/L)¥ 34(2,9.2) 4(22,9.9) 7.3 (3.0, 14.3) <0.001

"Mean + standard deviation, *n (%), *Median (Q1, Q3)

ASDAS Ankylosing Spondylitis Disease Activity Score, CRP C-reactive protein, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
MASES Maastricht Ankylosing Spondylitis Enthesitis Score, BASMI Bath Ankylosing Spondylitis Metrology Index, VAS visual analog scale,

ESR erythrocyte sedimentation rate

Table 6 Reasons for bDMARD
switching

Switcher to second

Switcher to

bDMARD (n=236) third bDMARD
n=179)

Overall ineffectiveness* 153 (64.8) 73 (92.4)

Primary 40 33

Secondary 58 20

Not stated 55 20
Adverse effects l(f,ading to 82 (22.9) 5(6.3)

drug-switching* Infusion-related reaction 10 0

Reaction at injection area 7 2

Psoriasis paradox 5 1

Tuberculosis 0 0

Uveitis paradox 11 1

Infections 2 1

Abnormal liver function tests 2 0

Not stated 45 0
Patient’s desire to be pregnant 1(0.4) 1(1.3)

1 (%). bDMARD biologic disease-modifying anti-rheumatic drugs

Therefore, consistent with others, we chose ASDAS-CRP
as the sole predictor for remission in this study [5, 17].
In our cohort of the 969 patients treated with bDMARD,
remission with ASDAS was noted in 143 (14.8%) patients
and low disease activity was in 223 (23.1%) patients. The
rates of remission and low disease activity were similar in
the non-radiographic and radiographic groups; on the other
hand, remission rates were lower in the group that switched
to another bDMARD treatment compared to non-switch-
ers (9.2%; 17.4% respectively). In the ABILITY-1 clinical
trial with adalimumab versus placebo, 15% of 176 patients

achieved ASDAS remission [18]. In the GO-RAISE study
with golimumab, the percentage of patients classified as
ASDAS remission after 24 weeks of treatment was 27.3%
[19]. ASAS partial remission has been achieved in 20-40%
of patients with SpA treated with tumor necrosis factor
(TNF) inhibitor, while partial remission rates increase up to
60% ongoing regular treatment with a TNF inhibitor. After
switching to a second TNFi, the chance of achieving the
remission decreases again to 40.5% [20] and Monti et al.
found 40.8% remission rate in their cohort with 218 patients
[8]. It is known that ASDAS remission, together with the
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acute phase reactant, is less frequently achieved compared
to more traditional indices, especially BASDAI, which is
still shown as an alternative disease activity measure. Direct
comparison with previous studies is difficult due to the lack
of a unique definition of remission and a fine distinction
between complete clinical remission and a state of low dis-
ease activity.

HLA-B27 has an essential role in axSpA classification
and exists in nearly 6-8% of the general population and
in 80-95% of AS patients in western European and North
American populations. On the other hand, the prevalence
of HLA-B27 in axSpA patients is found to be lower in Arab
and Middle Eastern populations [21]. When we look at the
prevalence of HLA-B27 in patients with axSpA, it was
shown to be 41.1% in the Lebanese population and 45.3%
in the Moroccan population, although it was found to be
78.4% in the COMOSPO database [21-23]. Although the
prevalence of HLA-B27 was not investigated in our study, in
which a real-life data was compiled, the frequency of HLA-
B27 in our patients with axSpA was 36.8%. This frequency
has been found to be lower than the European population and
reflects the genetic background of our geographic region.

We found that male sex, educational status of secondary-
high school, positive family history of SpA, and positive
HLA-B27 status were associated with remission. Besides,
we also detected the increasing trends of the MASES and
BASMI scores from remission to very severe disease activ-
ity. In previous studies, younger age, male sex, smoking,
HLA-B27, lower BASDAI and BASMI scores, and shorter
disease duration were the significant predictors for good
clinical response and remission [3, 4, 24, 25]. There were
controversial results about the association between these
severity scores and the remission [3, 4]. Some authors
reported that the patients with low disease activity were
older than the others [26]. Based on the presence of great
variations, the results should be interpreted with caution.
Studies have heterogeneous features such as inclusion of
radiographic or non-radiographic axSpA patients and dif-
ferent bDMARDs [1, 3, 4, 27, 28]. We believe that such dif-
ferences may have a negative impact on the generalizability
of the results.

Switching during the medical treatment of rheumatic dis-
eases was a frequent event due to lack or loss of efficiency
or development of side effects [4]. In our study, switching
from one type of bDMARD to another drug occurred in
32.5% of the cases, consistent with previous outcomes [4].
Several demographic and baseline disease parameters such
as female sex, methotrexate use, and higher BASFI and
BASDALI scores have been defined as the relevant predictive
factors for switching [29]. In enthesitis-related juvenile-type
arthritis, shorter disease duration and HLA-B27 were more
frequently seen in patients who were responsive to DMARD
treatment [24]. But, Shimabuco et al. [4] found no factor in
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predicting remission in patients using tumor necrosis factor
inhibitors. They identified that higher BASDALI reflecting a
refractory disease might be a predictive factor for switching
from the second anti-TNF agent to the third. In the present
study, we found that the non-switcher patients have had a
significantly shorter disease duration. We also showed that
the age at the diagnosis was significantly higher in patients
with remission. The differences in these studies were most
probably originated because of the different study character-
istics. So, prospective large-scale, multicenter studies with
homogenous inclusion criteria are needed to resolve such
controversial issues.

It is known that the prevalence of enthesitis is quite high
in spondyloarthritis and it has been reported with a fre-
quency ranging from 51 to 81% in spondyloarthritis [30, 31].
The MASES score is regarded as a reflection of the sever-
ity of enthesitis, which is also used to evaluate anti-tumor
necrosis factor treatment response and therapeutic follow-up
for biological treatments [30]. Enthesitis was also reported
as a common feature of the patients who switched to TNF
inhibitor treatment and it has also been shown that MASES
scores reduce after bDMARD treatments in axSpA patients
[32, 33]. However, there is no data about any association
between the MASES score and switching one bDMARD to
another. We found higher MASES scores in patients switch-
ing to the third bDMARD in our study. Higher MASES
scores in the switcher patients might be due to the autoim-
mune or inflammatory mechanisms of axSpA that necessi-
tates future studies. However, we think that higher MASES
scores or other clinical variables indicating higher grades of
enthesitis might be clinical evidences for unresponsiveness
to the medical treatment in axSpA patients.

Uveitis is one of the common extra-articular manifesta-
tions of axSpA. Several studies have documented the effi-
cacy of TNF inhibitors in reducing the uveitis attacks in
patients with spondyloarthritis. On the other hand, some
studies have mentioned that TNF inhibitors may induce new-
onset uveitis as a paradoxical side effect [34]. In our study,
comparison of with different switching status revealed that
the incidence of uveitis was higher in the switcher patients.
In addition, paradoxical uveitis was reported in 11 of 236
switcher to second biological patients. Although paradoxi-
cal uveitis does not seem to be one of the main reasons for
drug switch, further analyses will be obtained with a larger
number of patients and long-term follow-up of patients may
be more beneficial in clarification of the complicated rela-
tionship between TNF inhibition and uveitis.

The inclusion of patients from different centers as a
nationwide project was the primary strength of the study.
This issue is an essential point for the generalization of the
findings. Although we used objective measures to deter-
mine clinical remission, the patients’ open-label inclusion
without any limit for each center may be necessary, leading
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to selection bias. Besides, some missing data can bias the
results. On the other hand, 6-month regular visits of patients
still continue to BioStaR registry and analyses with data on
biological tapering in the assessment of disease outcomes
will lead to more detailed results in the evaluation of biologi-
cal treatments.

In conclusion, our findings demonstrated that ASDAS
remission and low disease activity were noted in 366
(37.9%) patients. In this nationwide registry, male sex and
presence of HLA-B27 consistently predicted remission of
axSpA as measured by ASDAS-CRP.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10067-022-06145-8.
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