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The impact of antinuclear antibodies seroconversion
induced by anti-tumor necrosis factor o agents on the
clinical outcomes in rheumatic patients

Martins A", Oliveira D", Martins FR', Rato MS', Pinheiro FO', Fonseca D', Garcia S', Fernandes BM/,
Pimenta S, Vaz C, Costa', Bernardes M'

ABSTRACT

Introduction: Anti-tumor necrosis factor a (anti-TNFa.) agents can potentially induce the anti-nuclear antibodies
(ANA) development over time. Evidence of the real impact of these autoantibodies on clinical response to treatment
in rheumatic patients is still scarce.

Objectives: To explore the impact of ANA seroconversion induced by anti-TNFa therapy on clinical outcomes in
biologic-naive patients with Rheumatoid arthritis (RA), axial spondylarthritis (axSpA) and psoriatic arthritis (PsA).
Methods: An observational retrospective cohort study enrolling biologic-naive patients with RA, axSpA and PsA
who started their first anti-TNFa agent was conducted for 24 months(M). Sociodemographic data, laboratory find-
ings, disease activity and physical function scores were collected at baseline, 12M and 24M. To examine the dif-
ferences between the groups with and without ANA seroconversion, independent samples t-tests, Mann-Whitney
U-tests and chi-square tests were performed. Linear and logistic regression models were used to assess the effects of
ANA seroconversion on the clinical response to treatment.

Results: A total of 432 patients with RA (N=185), axSpA (N=171) and PsA (N=66) were included. ANA seroconver-
sion rate at 24M was 34.6%, 64.3% and 63.6% for RA, axSpA and PsA, respectively. Regarding sociodemographic
and clinical data in RA and PsA patients, no statistically significant differences between groups with and without
ANA seroconversion were found. In axSpA patients, ANA seroconversion was more frequent in patients with higher
body mass index (p=0.017) and significantly less frequent in patients treated with etanercept (p=0.01). Regarding
disease activity, DAS28 for RA patients and ASDAS-CRP for axSpA patients were significantly higher in ANA sero-
conversion group at 12M (p=0.017 and p=0.009, respectively). For PsA patients, CDAI was significantly higher in
ANA seroconversion group at 24M (p=0.043). Overall switching rate of biologic disease-modifying antirheumatic
drugs (bDMARD) was significantly higher in the ANA seroconversion group over time (p=0.025). For RA patients,
ANA seroconversion predicted DAS28 (=-0.21, 95%CI [-1.86;-0.18], p=0.017) at 12M.

Conclusions: ANA seroconversion induced by anti-TNFa agents could interfere in clinical response of patients
with rheumatic diseases. The presence of these autoantibodies can be considered as a potential predictor of poor
treatment response and higher need for bDMARD switching over time.

Keywords: Biological therapies; Autoantigens and Autoantibodies; Outcome measures.

INTRODUCTION

Rheumatoid arthritis (RA), axial spondylarthritis (axS-
pA) and psoriatic arthritis (PsA) are the most frequent
inflammatory rheumatic diseases with a prevalence in
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Europe of 0.5-1%, 0.05-0.42% and 0.03-1.8%, respec-
tively" 2. In the Portuguese population, the estimated
prevalence is 0.7% for RA, 0.8% for axSpA and 0.3%
for PsA®. These rheumatic diseases have a significant
impact in physical and psychological health, quality
of life and labour productivity of these patients*. To
manage these burden conditions, anti-tumor necrosis
factor a (anti-TNF o) agents have been increasingly
recommended. These agents are extremely effective in
controlling disease activity, even in patients with inade-
quate response to conventional synthetic disease-mod-
ifying antirheumatic drugs (csDMARD)’. However,
anti-TNF o agents are inherently immunogenic®. Since
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repeated administrations are required to keep the dis-
ease under control, there is a potential to anti-drug an-
tibodies (ADA) development over time’. The presence
of these antibodies not only leads to drug-induced al-
lergic reactions, but can also cause drop of serum drug
levels to sub-therapeutic levels, resulting in loss of clin-
ical response®™!?. Associated with ADA development,
autoantibodies, such as anti-nuclear antibodies (ANA)
and anti-double-stranded DNA antibodies (anti-dsD-
NA atbs), can be newly induced (seroconversion) or
increase their titers during anti-TNF a therapy with a
variable incidence'" 2.

Nevertheless, evidence of the real impact of these
autoantibodies on the clinical response to treatment in
rheumatic patients over time is still scarce. Therefore,
it is imperative to estimate the prevalence of ANA and
anti-dsDNA atbs seroconversion and understand its im-
pact in the disease activity and clinical response over
time. Thus, this study aimed to explore the impact of
ANA seroconversion induced by anti-TNF a therapy
on the clinical response in biologic-naive patients with
RA, axSpA and PsA over 24 months (M).

MATERIAL AND METHODS

Study Design
An observational retrospective cohort study was con-

ducted.

Participants

Patients aged 18 years or older from a single rheuma-
tology centre in the northern region of Portugal and
diagnosed with RA, according to the American College
of Rheumatology (ACR)/European League Against Rheu-
matism (EULAR) criteria'?, axSpA, according to Assess-
ment of Spondylarthritis International Society (ASAS)
classification criteria'* and psoriatic arthritis (PsA), ac-
cording to CASPAR (ClASsification criteria for Psoriatic
ARthritis) criteria®, registered in the Rheumatic Diseases
Portuguese Register (Reuma.pt) and who started their
first anti-TNF o agent as their first biologic between
2003 and 2018 were included. Patients with psychiat-
ric or cognitive disorders that could interfere with data
collection, physically or psychologically unable to com-
municate, or unable to speak Portuguese were excluded.
Also, patients with systemic lupus erythematosus or with
positive ANA (titer =1/100) and/or positive anti-dsDNA
antibodies (=100 UI/mL) on their first visit immediately
prior to the start of the first biologic were excluded.

The Guideline for Good Clinical Practice of the Inter-
national Conference on Harmonization and the ethical
principles of the Declaration of Helsinki were followed!®.
All patients signed informed consent and data were an-

onymized in accordance with the Portuguese Data Pro-
tection Law and the General Data Protection Regulation.

Data collection and measures
Sociodemographic, clinical evaluation and laboratory
data were collected from medical records and Reuma.
pt at baseline, 12 and 24 M. Sociodemographic data
included age, gender, education level and employment
status. Clinical evaluation included disease duration,
age at diagnosis, comorbidities, body mass index (BMI),
smoking and drinking habits, concomitant treatment
and Visual Analogue Scale (VAS) by patient and phy-
sician. Laboratory findings included erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), ANA
and anti-dsDNA atbs.

For RA and PsA patients, Disease Activity Score
for 28 joints (DAS28)', DAS28 with C-reactive Pro-
tein (DAS28-CRP)*®, Clinical Disease Activity Index
(CDAD" and Simplified Disease Activity Index (SDAT)*
were calculated to measure disease activity. Ankylosing
Spondylitis (AS) Disease Activity Score with CRP (AS-
DAS-CRP)?! and Portuguese version of Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI)?! **
were assessed to measure disease activity in axSpA pa-
tients. Disease activity in PsA (DAPSA)*’ was calculat-
ed to measure disease activity in PsA patients. Physical
function was assessed through the Portuguese version
of Health Assessment Questionnaire (HAQ) in RA and
PsA patients®* 2°. For axSpA and PsA patients, Bath AS
Functional Index (BASFI) and Bath AS Metrological
Index (BASMI) were also collected?" ?2. To assess en-
thesitis in axSpA and PsA, the Maastricht AS enthesi-
tis score (MASES) was used?" **. Clinical response was
evaluated by ASDAS response in axSpA and by ACR
and EULAR criteria in RA and PsA. For EULAR criteria
three response categories were defined: good, mild and
no response. For all diseases, the switch rate to another
bDMARD was assessed over 24M.

STATISTICAL ANALYSIS

Descriptive statistics for normally distributed continu-
ous variables were presented with mean and standard
deviation. For non-normally distributed continuous
variables median, quartile 1 and quartile 3 were pre-
sented. Categorical variables were presented with abso-
lute and relative (percentage) frequencies. Sociodemo-
graphic and clinical variables were described for each
rheumatic disease and per group of ANA seroconver-
sion. To examine the differences between groups with
and without ANA seroconversion, independent sam-
ples t-tests for normally distributed continuous data,
Mann-Whitney U-tests for non-normally distributed
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continuous data and chi-square tests for categorical
variables were performed. Linear and logistic regres-
sion models were used to assess the effects of ANA se-
roconversion on the disease activity scores and clinical
response to treatment at 12 and 24 M. Data analysis
was performed using IBM SPSS for Windows (version
26, IBM Corporation Software Group, New York, NY,
USA). Statistical significance was set at a p-value<0.05.

RESULTS

A total of 432 patients with RA (N=185), axSpA
(N=171) and PsA (N=66) were included.

Sample sociodemographic and clinical
characteristics

Table 1 presents sociodemographic and clinical char-
acteristics of each rheumatic disease. A total of 156
(84.3%) patients with RA were positive for rheuma-
toid factor (RF) and/or anti-cyclic citrullinated peptide
(anti-CCP) antibodies and 62 (33.5%) patients had
extra-articular manifestations. Radiographic erosions
were present in 52.4% (N=97) of patients with RA and
42.4% (N=28) of patients with PsA. Regarding PsA pa-
tients, the majority (57.6%, N=38) had a predominant
polyarticular pattern, 30.3% (N=20) an axial involve-
ment pattern, 9.1% (N=6) an oligoarticular pattern and
3.0% (N=2) a predominant distal interphalangeal in-

Sociodemographic and clinical characteristics

Age, mean (SD), years

Female, n (%)

BMI, median (Q1-Q3), Kg/m?
Disease duration, median (Q1-Q3), years
Age at diagnosis, mean (SD), years
Smoking status,n (%)

Current

Former

Never

Alcohol consumption,n (%)
Current

Former

Never

Employment status,n (%)
Full-time employee

Part-time employee

Retired

On sick leave

Unemployed
Comorbidities,n (%)
Hypertension

Diabetes

Cardiovascular disease
Thyroid disease

Sjogren syndrome
Treatment regimen at baseline moment,n (%)
Glucocorticoids

NSAIDs

Table I. Sociodemographic, clinical, treatment and immunological characteristics taking into account
each rheumatic disease at baseline, 12M and 24M.

Variables Rheumatic disease

25.7 (23.3-29.4)

RA (N-185) axSpA (N=171) PsA (N=66)
49.3 (10.9) 49.8 (11.9) 3.8(10.8)
157 (85.3) 79 (46.2) 31 (47.0)

25.9(22.6-29.8)
20.8 (15.2-31.2)

27.5(24.3-29.4)

10.1 (4.4-16.7) 15.0 (11.1-21.1)

38.6 (12.2) 34.0(11.3) 36.1 (10.6)
25 (13.5) 45 (26.3) 11 (16.7)
21 (11.4) 40 (23.4) 11 (16.7)
139 (75.1) 86 (50.3) 44 (66.7)
28 (15.1) 29 (17.0) 15 2.7)
2(1.D) 1(0.6) 1(1.5)
155 (83.8) 141 (82.5) 50 (75.8)
61 (33.0) 95 (55.6) 40 (60.6)
2 (1.1 7.1 2 (3.0)
94 (50.8) 45 (26.3) 14 21.2)
9 (4.9 3(1.8) 4(6.1)
19 (10.3) 21 (12.3) 6(9.1)
47 (25.4) 22(12.9) 15 (22.7)
9(4.9) 52.9) 7 (10.6)
16 (8.6) 6(3.5) 3(4.5)
6(3.2) 5(2.9) 1(1.5)
17(9.2) 0 0
148 (80.0) 19 (11.1) 25 (37.9)
123 (66.5) 101 (59.1) 44 (66.7)

continues on the next page
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Table I. continuation

Variables Rheumatic disease

Anti-TNF o agent

Etanercept 86 (46.5) 35 (20.5) 25 (37.9)
Adalimumab 43 (23.2) 51 (29.8) 19 (28.8)
Infliximab 25 (13.5) 41 (24.0) 8 (12.1)
Golimumab 25 (13.5) 39 (22.8) 14 (21.2)
Certolizumab pegol 6(3.2) 5.9 0

Immunology profile, n (%)

ANA seroconversion

Overall 64 (34.6) 110 (64.3) 42 (63.6)
At 12M 40 (21.6) 81 (47.4) 33 (50.0)

Pattern N=40 N=81 N=33
Homogeneous 24 (60.0) 35 (43.2) 14 (42.4)
Speckled 6(15.0) 30 (37.0) 12 (36.4)
Midbody 5(12.5) 8(9.9) 30,1
Homogeneous and another pattern 3(7.5) 0 0
Nucleolar 12.5) 8(9.9) 4(12.1)
Nuclear dots 12.5) 0 0

At 24M 24 (13.0) 71 (41.5) 31 (47.0)

Anti-dsDNA seroconversion

At 12M 14 (7.6) 9(5.3) 4(6.1)

RA: rheumatoid arthritis; axSpA: axial spondylarthritis; PsA: Psoriatic arthritis; SD: standard deviation; BMI: body mass index; Q: quartile; NSAIDs: Non-steroidal
anti-inflammatory drugs; csDMARD: conventional synthetic disease modifying antirheumatic drugs; MTX: Methotrexate; LFN: Leflunomide; SLZ: Sulfasalazine; HCQ:
hydroxychloroquine; TNF: tumour necrosis factor; ANA: antinuclear antibodies; M: Month; Anti-dsDNA: Anti-double stranded DNA antibody. *Statistically significant.
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Table Il. Disease activity scores at 12M and 24M per groups of ANA seroconversion for RA.

Variable Positive ANA at12M  Negative ANA at12M
(N-40) (N-145)

HAQ, mean (SD) 1.4 (0.7) 1.2 (0.7) 0.137
HAQ delta, mean (SD) -0.16 (0.45) -0.37 (0.56) 0.073
Disease activity scores

DAS28, mean (SD) 5.0 3.4) 4.0(1.49) 0.017*
DAS28 delta, mean (SD) 1.11 (1.48) 1.63 (1.59) 0.120
DAS28 (CRP), mean (SD) 3.9 (1.5 3.5(1.3) 0.251
CDAI, median (Q1-Q3) 9.4 (5.7-13.8) 10.0 (4.7-21.0) 0.557
SDAI, median (Q1-Q3) 11.0 (6.1-14.2) 10.8 (5.2-21.6) 0.470

Variable Positivg AN’A at24M Negatiye ANA at 24M D,
(N=24) (N=161) Vel
HAQ, mean (SD) 1.2 (0.7) 1.2 (0.7) 0.968
HAQ delta, mean (SD) -0.39 (0.42) -0.33 (0.53) 0.638
Disease activity scores
DAS28, mean (SD) 4.2 (1.3) 3.8(1.4) 0.225
DAS28 delta, mean (SD) 12(1.4) 2.2 (5.0) 0.428
DAS28 (CRP), mean (SD) 3.5(1.2) 33(1.2) 0.587
CDAI, median (Q1-Q3) 8.5 (6.4-23.8) 6.7 (4.1-11.6) 0.239
SDAI, median (Q1-Q3) 9.0 (6.7-21.0) 7 (5.0-11.9) 0.250
Overall switch rate over time, median (Q1-Q3) 1(0-1) 0 (0-1) 0.025%

RA: rheumatoid arthritis; ANA: antinuclear antibodies; M: month; HAQ: Health Assessment Questionnaire SD: standard deviation; DAS28: Disease Activity Score for 28
joints; CRP: C-reactive protein; Q: quartile; CDAI: Clinical Disease Activity Index; SDAL: Simplified Disease Activity Index. *Statistically significant.

volvement pattern We found an ANA seroconversion
rate of 34.6% (N=64) for RA, 64.3% (N=110) for axS-
pAand 63.6% (N=42) for PsA at 24M of therapy. For all
patients, the most common titre and pattern was 1/100
and homogeneous, respectively.

In RA and PsA patients, there were no significant
differences between the groups with and without ANA
seroconversion regarding age, gender, disease duration,
age at diagnosis, BMI, disease characteristics (erosive
or not) and treatment regimen at baseline (including
anti-TNF o agent). In axSpA, ANA seroconversion was
more frequent in patients with higher BMI (p=0.017).
On the other hand, ANA seroconversion was signifi-
cantly less frequent in patients treated with etanercept
(p=0.01). The Supplementary Data shows all these re-
sults with more detail (Tables I-III).

Disease activity and clinical response by
seroconversion groups
Tables 11, 11T and IV_show the physical function assess-
ment, disease activity scores and switch rate taking into
account ANA seroconversion groups for RA, axSpA and
PsA, respectively.

For RA (Table 1I), DAS28 was significantly higher in

patients with positive ANA at 12M (5.0+3.4 vs 4.0+1 .4,
p=0.017). Also, overall switch rate to another bDMARD
over time was significantly different between the two
groups, being higher in patients with positive ANA [1
(0-1) versus 0 (0-1), p=0.025]. No differences were
found in HAQ, CDAI, SDAI, ACR and EULAR respons-
es (good, mild and no response) at 12M and 24M.

For axSpA (Table III), ASDAS-CRP was significantly
higher in patients with positive ANA at 12M (3.9+0.9
vs 2.1£1.0, p=0.009). In these patients, no statistical-
ly significant differences were found in BASFI, BAS-
MI, MASES, BASDAI, ACR and EULAR responses and
switch rate over time.

For PsA (Table IV), all disease activity scores were
higher in patients with positive ANA, however only
CDAI was significantly different between the two groups
(8.8 (4.1-14.9) vs 5.4 (2.0-8.8), p=0.043] at 24M. No
differences were found between the two groups regard-
ing disease activity scores at 12M and ACR and EULAR
responses at 12M. Except for CDAI, no differences were
found regarding the other variables at 24M.

Regression Models
For RA, ANA seroconversion only predicted DAS28
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Table Ill. Disease activity scores at 12M and 24M per groups of ANA seroconversion for axSpA.

Variable

BASFI, mean (SD)
BASMI, mean (SD)
MASES, median (Q1-Q3)

Disease activity scores

BASDAI, mean (SD)
ASDAS-CRP, mean (SD)

Variable

BASFI, mean (SD)
BASMI, mean (SD)
MASES, median (Q1-Q3)

Disease activity scores

BASDAI, mean (SD)
ASDAS-CRP, mean (SD)

Overall switch rate over time, mean (SD)

Positive ANA at 12M Negative ANA at 12M
(N-81) (N-90) s
3.82.7) 3.8(2.6) 0.961
3.8(1.6) 43(1.7) 0.143
0(0-2) 0 (0-0.8) 0.066
34021 2.9(2.0) 0.195
3.9(0.9) 2.1(1.0) 0.009*
Positive ANA at24M  Negative ANA at 24M
(N=71) (N=100) Puaue
43 (1.3) 4.9Q2.2) 0.585
3.6 (1.6) 4.6 (1.8) 0.680
2(0-3) 0.5(0-3.8) 0.225
42(14) 3.5(2.2) 0.083
2.8 (0.5 2.5(0.8) 0.985
1(0-D 1(0-1) 0.984

axSpA: axial spondylarthritis; ANA: antinuclear antibodies; M: month; SD: standard deviation; Q: quartile; BASFI: Bath Ankylosing Spondylitis Functional Index;
BASMI: Bath Ankylosing Spondylitis Metrological Index; MASES: Maastricht Ankylosing Spondylitis enthesitis score; BASDAI: Bath Ankylosing Spondylitis Disease
Activity Index; ASDAS: Ankylosing Spondylitis Disease Activity Score; CRP: C-reactive protein. *Statistically significant.

score (B=-0.21, 95%CI [-1.86; -0.18], p=0.017) at
12M. In axSpA and PsA, ANA seroconversion did not
predict disease activity over time. For all rheumatic dis-
eases, ANA seroconversion did not predict switch rate
and clinical response over time (Table IV, Supplemen-
tary data).

DISCUSSION

This study showed a high seroconversion rate of ANA
in our sample of bio-naive rheumatic patients after
treatment with an anti-TNFo agent. No differences
were found in the ANA seroconversion rate regarding
the type of anti-TNFa except for etanercept in PsA pa-
tients. RA and axSpA patients with positive ANA had a
higher disease activity after 12M of anti-TNFa therapy.
PsA patients with positive ANA had higher disease ac-
tivity scores, however, only the CDAI at 24M was sig-
nificantly different between the 2 groups.

In the present study, the prevalence of ANA serocon-
version ranged from 34.6% for RA, 64.3% for axSpA and
63.6% for PsA, with the most common titre and pattern
being 1/100 and homogeneous, respectively. Further-
more, in this study, anti-dsDNA atbs seroconversion
was observed in 10.3% of RA patients, 6.4% of axSpA
patients and 7.6% of PsA patients. There is scarce liter-
ature about the temporal relationship between anti-TNF

o therapy and seroconversion of autoantibodies, name-
ly ANA and anti-dsDNA aths. The few previous stud-
ies reported a high ANA seroconversion rate in patients
with rheumatic diseases under anti-TNF o, ranging from
23% to 57%, which is similar in magnitude to what we
found?® %, In addition, anti-dsDNA atbs seroconversion
can also occur with anti-TNF aagents however, with a
lower incidence than ANA seroconversion, according to
other studies and our findings®.

The mechanism by which some patients with rheu-
matic conditions develop these autoantibodies isn't
completely understood. Some authors claim that sero-
conversion of autoantibodies could be a consequence
of anti-TNF ablockade, as this blockade could promote
humoral autoimmunity by inhibiting the induction of
cytotoxic T lymphocyte response, which normally sup-
presses autoreactive B-cells?®. Other authors argue that
seroconversion of autoantibodies is linked to an increase
in lymphocyte and monocyte apoptosis and release of
nuclear autoantigens induced by anti-TNF o3,

In this study, both ANA and anti-dsDNA atbs sero-
conversion were higher at 12M compared to 24M of an-
ti-TNFatreatment. According to previous research, these
findings can be explained by the fact that the induced
autoantibodies are mainly of the IgM and IgA isotypes,
which are associated with a short-term humoral immu-
nity and, consequently, disappear from the circulation
after a short period of exposure to the treatment® .
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Table IV. Disease activity scores at 12M and 24M per groups of ANA seroconversion for PsA.

Variable

Positive ANA at 12M

(N=33)
HAQ, mean (SD) 0.9 (0.6)
HAQ delta, mean (SD) 0.12 (0.60)
BASFI, mean (SD) 3.6 (2.5
BASMI, median (Q1-Q3) 3.4(2.6-3.9)
MASES, median (Q1-Q3) 0(0-1)
Disease activity scores
DAS28, mean (SD) 3.0(1.3)
DAS28 (CRP), mean (SD) 2.7(1.2)
DAS28 delta, mean (SD) 0.44 (1.26)
CDAI, median (Q1-Q3) 5.3 (3.5-10.8)
SDAI, median (Q1-Q3) 6.2 (3.4-11.0)
BASDAI, mean (SD) 3623
ASDAS-CRP, mean (SD) 2.2(1.0)
DAPSA, mean (SD) 10.8 9.5)

Variable

Positive ANA at 24M

(N=31)

HAQ, mean (SD) 0.9 (0.6)
HAQ delta, mean (SD) 0.12 (0.60)
BASFI, mean (SD) 4.6 (3.0)
BASMI, median (Q1-Q3) 3.5 (2.0-4.6)
MASES, median (Q1-Q3) 0 (0-4)
Disease activity scores

DAS28, mean (SD) 3.1(1.6)
DAS28 (CRP), mean (SD) 2.8(1.2)
DAS28 delta, mean (SD) 0.5(1.9
CDAI, median (Q1-Q3) 8.8 (4.1-14.9)
SDAL median (Q1-Q3) 8.9 (4.3-15.3)
BASDALI, mean (SD) 4.6 (2.7)
ASDAS-CRP, mean (SD) 24(1.1)
DAPSA, mean (SD) 15.3 (9.9)
Overall switch rate over time, median 10-1)

(Q1-Q3)

Negative ANA at 12M
(N=33) Pratve
0.8 (0.7) 0.459
-0.10 (0.47) 0.323
4.1 (3.0) 0.543
3.6 (2.6-4.9) 0.909
0 (0-1) 0.800
2.6(1.3) 0.275
24 (1.0 0.316
0.43(0.85) 0.967
6.7 (3.5-7.7) 0.973
7.2 (3.9-8.0) 0.927
3.6(2.0) 0.956
2.2(0.7) 0.965
13.7(7.9) 0.299
Negative ANA at 24M

(N=35) Praluc
0.8 (0.7) 0.459
-0.10 (0.47) 0.323
3.1Q2.7) 0.097
2.6(1.9-2.9) 0.071
0 (0-1) 0.384
2.6 (1.1 0.226
2.3(0.9) 0.211
0.6 (1.5) 0.901
5.4 (2.0-8.8) 0.043*
5.4(2.1-9.3) 0.054
3.3 (2.0) 0.059
22(1.0) 0.375
10.5 (9.8) 0.174
1(0-2) 0.946

PsA: Psoriatic arthritis; ANA: antinuclear antibodies; M: month; SD: standard deviation; Q: quartile; Health Assessment Questionnaire; BASFI: Bath Ankylosing
Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrological Index; MASES: Maastricht Ankylosing Spondylitis enthesitis score; DAS28: Disease
Activity Score for 28 joints; CRP: C-reactive protein; CDAIL Clinical Disease Activity Index; SDAL: Simplified Disease Activity Index; BASDAIL: Bath Ankylosing

Spondylitis Disease Activity Index; ASDAS: Ankylosing Spondylitis Disease Activity Score; DAPSA: Disease activity in psoriatic arthritis. *Statistically significant.

Although previous studies have reported a higher
ANA seroconversion with infliximab, the present study
found no significant difference in the ANA seroconver-
sion rate regarding the type of anti-TNF o agent, except
for etanercept, but only in PsA patients***. Previous re-
search didn’t detect any relevant ADA in patients treat-
ed with etanercept ant this agent seems to be the least
immunogenic anti-TNFo agent, which support our
finding, although we only found it in PsA patients .

Furthermore, in agreement with some previous
studies, our study found no significant difference in the
ANA seroconversion rate in patients with and without
concomitant csDMARD?® % 37, However, a previous
metanalysis showed that methotrexate reduced the se-
roconversion of autoantibodies, namely ADA*. Thus,
in the future there is a need to explore the effect not
only of methotrexate, but also of others csDMARD on
seroconversion of autoantibodies.
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In this study, RA was the rheumatic disease with the
lowest ANA seroconversion. This finding can be ex-
plained by the fact that the majority of these patients
were treated with methotrexate and, according to pre-
vious research this csDMARD was associated with less
seroconversion of autoantibodies over the time*.

Regarding disease activity and clinical response, our
study found that patients with RA and positive ANA had
a higher DAS28 than patients with negative ANA after
12M of therapy with a first anti-TNF a agent. In addi-
tion, the switch rate was higher among RA patients who
seroconverted to positive ANA. Similarly, for axSpA pa-
tients, we found a higher ASDAS-CRP in the group with
positive ANA after 12M of therapy with a first anti-TNF
a agent. Regarding patients with PsA, all disease activi-
ty scores were higher in the ANA positive group, how-
ever only the CDAI was significantly different between
the 2 groups at 24M of therapy. These findings seem to
suggest that seroconversion of ANA could interfere in
the clinical outcomes of patients with rheumatic diseas-
es on anti-TNF a therapy over time. In fact, previous
studies reported a poor clinical response in RA patients
with ANA and anti-dsDNA atbs seroconversion or with
an increase in their titers under anti-TNF a therapy®.
More recently, Ishikawa et al. reported that ANA de-
velopment during treatment with infliximab, as well as
with other anti-TNF a agents, could be a marker of
poor clinical response to the therapy in RA patients®.
Furthermore, Fonseca et al. also found a poorer clinical
response in the first 6 months of anti-TNF a therapy,
a higher switch rate and a lower anti-TNF a therapy
survival in RA patients with baseline positive ANA*.
Similarly, other studies support that the development
of ANAs and anti-dsDNA atbs with anti-TNF o agents
may also act as a marker of forthcoming treatment fail-
ure in patients with psoriasis* *.

Previous research has shown that ADA-positive pa-
tients developed ANA at a titer greater than 160 and
that anti-dsDNA atbs increased significantly in these pa-
tients compared to those without ADA*. Furthermore,
Mori % also showed a higher rate of ADA development
in patients with positive ANA before anti-TNF a ther-
apy and/or with increasing titer over time*. Thus, the
presence of ANA prior to anti-TNF a therapy is a risk
factor for development of ADA, as well as for treatment
ineffectiveness®.

This study has some limitations that should be ac-
knowledged. The major limitations are related to the
single-center retrospective nature of this study and the
missing data on Reuma.pt. Other limitations include
the small sample in the PsA group, the technical un-
availability of our routine laboratory to carry out ADA
titer determinations and the absence of data regarding
the anti-TNF a safety. Moreover, since RA can be as-

sociated with systemic lupus erythematosus or Sjogren
disease, the assumption that ANA seroconversion is
induced by anti-TNF o may not always be accurate.
In the extreme, the later may represent a translating
sign of a preclinical stage of another connective tissue
disease superimposed on RA, which only a careful and
long-term follow-up will reveal.

To the best of our knowledge, this is the first study
in real clinical practice that explored the impact of ANA
seroconversion induced by anti-TNF a therapy on clin-
ical outcomes of Portuguese patients with Rheumatoid
arthritis (RA), axial spondylarthritis (axSpA) and psori-
atic arthritis (PsA).

CONCLUSIONS

Autoantibodies, such as ANA and anti-dsDNA atbs
can be induced (seroconversion) or increase their titers
during anti-TNF a therapy in Portuguese patients with
rheumatic diseases.

Seroconversion of ANA over time have impact on clin-
ical outcomes in patients with RA and axSpA patients.
The presence of these auto-antibodies can eventually be
used as a potential marker of poor response and higher
need to switch over time, mainly if present persistently
and in high titers over time. Therefore, ANA test should
be considered in the assessment and follow up of rheu-
matic patients under anti-TNF a therapy.

The present findings suggest that more attention
should be given by all rheumatologists to the impact of
ANA seroconversion during anti-TNF o therapy. Further
prospective multicentric studies with larger samples are
needed to assess the generalizability of these findings and
to identify potential predictive factors of ANA serocon-
version and anti-TNF o therapy failure over time.

REFERENCES

1. Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence
of theumatoid arthritis, based on the 1987 American College
of Rheumatology criteria: a systematic review. Semin Arthritis
Rheum. 2006;36(3):182-8.

2. Stolwijk C, Boonen A, van Tubergen A, Reveille JD. Epide-
miology of spondyloarthritis. Rheum Dis Clin North Am.
2012;38(3):441-76.

3. Branco JC, Rodrigues AM, Gouveia N, Eusebio M, Ramiro S, Ma-
chado PM, et al. Prevalence of rheumatic and musculoskeletal
diseases and their impact on health-related quality of life, physi-
cal function and mental health in Portugal: results from EpiReu-
maPt- a national health survey. RMD Open. 2016;2(1):¢000166.

4. Strand V, Khanna D. The impact of rheumatoid arthritis and treat-
ment on patients’ lives. Clin Exp Rheumatol. 2010;28(3 Suppl
59):532-40.

5. Conti E Ceccarelli F Massaro L, Cipriano E, Di Franco M, Alessan-
dri C, et al. Biological therapies in rheumatic diseases. Clin Ter.
2013;164(5):e413-28.

6. Atigi S, Hooijberg E Loeff FC, Rispens T, Wolbink GJ. Immuno-

127



The impact of antinuclear antibodies seroconversion induced by anti-tumor
necrosis factor a agents on the clinical outcomes in rheumatic patients

genicity of TNF-Inhibitors. Front Immunol. 2020;11:312.

7. Anderson PJ. Tumor necrosis factor inhibitors: clinical implica-

tions of their different immunogenicity profiles. Semin Arthritis
Rheum. 2005;34(5 Suppl1):19-22.

8. van Schouwenburg PA, Rispens T, Wolbink GJ. Immunogenicity

of anti-TNF biologic therapies for rheumatoid arthritis. Nat Rev
Rheumatol. 2013;9(3):164-72.

9. Bartelds GM, Krieckaert CL, Nurmohamed MT, van Schouwen-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

128

burg PA, Lems WE Twisk JW, et al. Development of antidrug
antibodies against adalimumab and association with disease ac-
tivity and treatment failure during long-term follow-up. JAMA.
2011;305(14):1460-8.

Pascual-Salcedo D, Plasencia C, Ramiro S, Nuno L, Bonilla G,
Nagore D, et al. Influence of immunogenicity on the efficacy
of long-term treatment with infliximab in rheumatoid arthritis.
Rheumatology (Oxford). 2011;50(8):1445-52.

Takase K, Horton SC, Ganesha A, Das S, McHugh A, Emery P,
et al. What is the utility of routine ANA testing in predicting
development of biological DMARD-induced lupus and vasculitis
in patients with rheumatoid arthritis? Data from a single-centre
cohort. Ann Rheum Dis. 2014;73(9):1695-9.

Vaz JL, Fernandes V, Nogueira F, Arnobio A, Levy RA. Inflixi-
mab-induced autoantibodies: a multicenter study. Clin Rheuma-
tol. 2016;35(2):325-32.

Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis
classification criteria. Rheumatology. 2012;51(suppl_6):vi5-vi9.
Rudwaleit M, van der Heijde D, Landewé R, Akkoc N, Brandt J,
Chou CT, et al. The Assessment of SpondyloArthritis Interna-
tional Society classification criteria for peripheral spondyloar-
thritis and for spondyloarthritis in general. Ann Rheum Dis.
2011;70(1):25-31.

Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mie-
lants H. Classification criteria for psoriatic arthritis: Develop-
ment of new criteria from a large international study. Arthritis &
Rheumatism. 2006;54(8):2665-73.

Helsinki WMADo. Ethical principles for medical research in-
volving human subjects. JAMA. 2013;310(20):2191-4.

Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van
de Putte LB, van Riel PL. Modified disease activity scores that
include twenty-eight-joint counts. Development and validation
in a prospective longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum. 1995;38(1):44-8.

Wells G, Becker JC, Teng J, Dougados M, Schiff M, Smolen J,
et al. Validation of the 28-joint Disease Activity Score (DAS28)
and European League Against Rheumatism response crite-
ria based on C-reactive protein against disease progression in
patients with rheumatoid arthritis, and comparison with the
DAS28 based on erythrocyte sedimentation rate. Ann Rheum
Dis. 2009;68(6):954-60.

Aletaha D, Nell VP, Stamm T, Uffmann M, Pflugbeil S, Machold
K, et al. Acute phase reactants add little to composite disease
activity indices for rheumatoid arthritis: validation of a clinical
activity score. Arthritis Res Ther. 2005;7(4):R796-806.

Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl
G, et al. A simplified disease activity index for rheumatoid ar-
thritis for use in clinical practice. Rheumatology (Oxford).
2003;42(2):244-57.

Zochling J. Measures of symptoms and disease status in ankylos-
ing spondylitis: Ankylosing Spondylitis Disease Activity Score
(ASDAS), Ankylosing Spondylitis Quality of Life Scale (ASQoL),
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI),
Bath Ankylosing Spondylitis Functional Index (BASFI), Bath
Ankylosing Spondylitis Global Score (BAS-G), Bath Ankylosing
Spondylitis Metrology Index (BASMI), Dougados Function-

22.

23.

24.

25.

206.

27.

28.

29.

30.

31.

32.

33.

34.

35

al Index (DFI), and Health Assessment Questionnaire for the
Spondylarthropathies (HAQ-S). Arthritis Care Res (Hoboken).
2011;63 Suppl 11:547-58.

Pimentel-Santos FM, Pinto T, Santos H, Barcelos A, Cunha I,
Branco JC, et al. Portuguese version of the bath indexes for an-
kylosing spondylitis patients: a cross-cultural adaptation and
validation. Clin Rheumatol. 2012;31(2):341-6.

Mease PJ. Measures of psoriatic arthritis: Tender and Swollen Joint
Assessment, Psoriasis Area and Severity Index (PASI), Nail Psori-
asis Severity Index (NAPSI), Modified Nail Psoriasis Severity In-
dex (mNAPSI), Mander/Newcastle Enthesitis Index (MEI), Leeds
Enthesitis Index (LEI), Spondyloarthritis Research Consortium of
Canada (SPARCC), Maastricht Ankylosing Spondylitis Enthesis
Score (MASES), Leeds Dactylitis Index (LDI), Patient Global for
Psoriatic Arthritis, Dermatology Life Quality Index (DLQI), Pso-
riatic Arthritis Quality of Life (PSAQOL), Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F), Psoriatic Arthritis
Response Criteria (PsARC), Psoriatic Arthritis Joint Activity In-
dex (PsAJAI), Disease Activity in Psoriatic Arthritis (DAPSA), and
Composite Psoriatic Disease Activity Index (CPDAI). Arthritis
Care Res (Hoboken). 2011;63 Suppl 11:564-85.

Centro de Estudos e Investigacdo em Saude da Universidade de
Coimbra. HAQ Versao Portuguesa. 1997.

Santos R, Reis P, Rebelo L, Dias E Rosa C, Queiroz M. Health
Assessment Questionnaire (versdo curta): adaptacdo para lingua
portuguesa e estudo da sua aplicabilidade. Acta reumatologica
portuguesa. 1996.

Mongey AB, Hess EV. Drug insight: autoimmune effects of medi-
cations-what’s new? Nat Clin Pract Rheumatol. 2008;4(3):136-44.
Oter-Lopez B, Llamas-Velasco M, Sanchez-Perez J, Dauden E. In-
duction of Autoantibodies and Autoimmune Diseases in Patients
with Psoriasis Receiving Tumor Necrosis Factor Inhibitors. Actas
Dermosifiliogr. 2017;108(5):445-56.

Via CS, Shustov A, Rus V, Lang T, Nguyen P, Finkelman FD.
In vivo neutralization of TNF-alpha promotes humoral au-
toimmunity by preventing the induction of CTL. J Immunol.
2001;167(12):6821-6.

Catrina Al, Trollmo C, af Klint E, Engstrom M, Lampa ], Her-
mansson Y, et al. Evidence that anti-tumor necrosis factor ther-
apy with both etanercept and infliximab induces apoptosis in
macrophages, but not lymphocytes, in rheumatoid arthritis
joints: extended report. Arthritis Rheum. 2005;52(1):61-72.
Charles PJ, Smeenk RJ, De Jong J, Feldmann M, Maini RN. As-
sessment of antibodies to double-stranded DNA induced in
rheumatoid arthritis patients following treatment with inflix-
imab, a monoclonal antibody to tumor necrosis factor alpha:
findings in open-label and randomized placebo-controlled tri-
als. Arthritis Rheum. 2000;43(11):2383-90.

Cocca BA, Cline AM, Radic MZ. Blebs and apoptotic bodies are B
cell autoantigens. ] Immunol. 2002;169(1):159-66.
Ferraro-Peyret C, Coury E Tebib JG, Bienvenu J, Fabien N. In-
fliximab therapy in rheumatoid arthritis and ankylosing spondy-
litis-induced specific antinuclear and antiphospholipid autoan-
tibodies without autoimmune clinical manifestations: a two-year
prospective study. Arthritis Res Ther. 2004;6(6):R535-43.

De Rycke L, Baeten D, Kruithof E, Van den Bosch E Veys EM, De
Keyser E Infliximab, but not etanercept, induces IgM anti-dou-
ble-stranded DNA autoantibodies as main antinuclear reactivity:
biologic and clinical implications in autoimmune arthritis. Ar-
thritis Rheum. 2005;52(7):2192-201.

Bardazzi F Odorici G, Virdi A, Antonucci VA, Tengattini V, Patrizi
A, et al. Autoantibodies in psoriatic patients treated with an-
ti-TNF-alpha therapy. ] Dtsch Dermatol Ges. 2014;12(5):401-6.
. Gonnet-Gracia C, Barnetche T, Richez C, Blanco P, Dehais ]J,



Martins A et al.

Schaeverbeke T. Anti-nuclear antibodies, anti-DNA and C4
complement evolution in rheumatoid arthritis and ankylosing
spondylitis treated with TNF-alpha blockers. Clin Exp Rheuma-
tol. 2008;26(3):401-7.
36. Bacquet-Deschryver H, Jouen E Quillard M, Menard JE Goeb V, Le-
querre T, et al. Impact of three anti-TNFalpha biologics on existing
and emergent autoimmunity in rheumatoid arthritis and spondy-
larthropathy patients. J Clin Immunol. 2008;28(5):445-55.
Eriksson C, Engstrand S, Sundqvist KG, Rantapaa-Dahlqvist S.
Autoantibody formation in patients with rheumatoid arthritis
treated with anti-TNF alpha. Ann Rheum Dis. 2005;64(3):403-7.
Garces S, Demengeot J, Benito-Garcia E. The immunogenicity of
anti-TNF therapy in immune-mediated inflammatory diseases:
a systematic review of the literature with a meta-analysis. Ann
Rheum Dis. 2013;72(12):1947-55.
Yukawa N, Fujii T, Kondo-Ishikawa S, Yoshifuji H, Kawabata
D, Nojima T, et al. Correlation of antinuclear antibody and an-
ti-double-stranded DNA antibody with clinical response to in-
fliximab in patients with rheumatoid arthritis: a retrospective
clinical study. Arthritis Res Ther. 2011;13(6):R213.
Ishikawa Y, Hashimoto M, Ito H, Tanaka M, Yukawa N, Fujii
T, et al. Anti-nuclear antibody development is associated with
poor treatment response to biological disease-modifying an-
ti-rheumatic drugs in patients with rheumatoid arthritis. Semin

37.

38.

39.

40.

41.

42.

43.

44,

45.

Arthritis Rheum. 2019:49(2):204-10.

Fonseca R VR, Madureira P, Rosa-Gongalves D, Aguiar F, Ro-
cha T, Bernardo A, Mariz E, Bernardes M, Costa L. Antinuclear
Antibodies in Rheumatoid Arthritis: Predictors of Response to
Anti-TNF Alpha Treatment? Annals of the Rheumatic Diseases.
2015;74:1293.

Pink AE, Fonia A, Allen MH, Smith CH, Barker JN. Antinuclear
antibodies associate with loss of response to antitumour necrosis
factor-alpha therapy in psoriasis: a retrospective, observational
study. Br ] Dermatol. 2010;162(4):780-5.

Hoffmann JH, Hartmann M, Enk AH, Hadaschik EN. Autoanti-
bodies in psoriasis as predictors for loss of response and anti-in-
fliximab antibody induction. Br ] Dermatol. 2011;165(6):1355-8.
Ishikawa Y, Fujii T, Ishikawa SK, Yukawa N, Hashimoto M, Furu
M, et al. Immunogenicity and Lupus-Like Autoantibody Pro-
duction Can Be Linked to Each Other along With Type I Inter-
feron Production in Patients with Rheumatoid Arthritis Treated
With Infliximab: A Retrospective Study of a Single Center Co-
hort. PLoS One. 2016;11(9):0162896.

Mori A, Saito T, Takahashi M, Shibata M, Tsuji G, Hatachi S,
et al. Presence of anti-nuclear antibodies is a risk factor for the
appearance of anti-drug antibodies during infliximab or adal-
imumab therapy in patients with rheumatoid arthritis. PLoS
One. 2020;15(12):e0243729.

SUPPLEMENTARY DATA

Table I. Baseline clinical characteristics per groups of ANA seroconversion for RA
Variable POSi(ng ﬁNA Neg:gi\lr;lz)& N P vatue
Sociodemographic characteristics
Age, mean (SD), years 49.6+10.6 49.2+11.1 0.789
Female, n (%) 56 (87.5) 101 (83.5) 0.324
Disease duration, median (Q1-Q3), years 11 (4.1-16.2) 9.05 (23.2-28.4) 0.715
Age at diagnosis, mean (SD), years 38.3+11.9 38.8+12.5 0.812
BMI 26.9 (23.3-31.2) 242 (23.2-28.4) 0.159
Disease characteristics
Seropositivity (RF and/or anti-CCP), n (%) 53(82.8) 103(85.1) 0.949
Erosive disease, n (%) 35(54.7) 62(51.2) 0.996
Extra-articular manifestations, n (%) 25(39.1) 37(30.6) 0.245
Treatment options at baseline moment, n (%)
Glucocorticoids 54(84.4) 94(77.7) 0.761
NSAIDs 47(73.4) 76(62.8) 0.279
MTX 43(67.2) 72(59.5) 0.305
Other csDMARDs 29(45.3) 52(42.9) 0.761
Anti-TNF drug
Etanercept 31(48.4) 55(45.4)
Adalimumab 16(25.0) 27(22.3)
Infliximab 8(12.5) 17(14.0)
Golimumab 7(10.9) 18(14.9) 1%
Certolizumab pegol 2(3.1) 4(3.3)
RA: rheumatoid arthritis; SD: standard deviation; ANA: antinuclear antibodies; M: Month; Q: quartile; RF: rheumatoid factor; anti-CCP: anti-cyclic citrullinated peptide;
NSAIDs: Non-steroidal anti-inflammatory drugs; MTX: Methotrexate; csDMARD: conventional synthetic disease modifying antirheumatic drugs; TNF: tumour necrosis factor.
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Table Il. Baseline clinical characteristics per groups of ANA seroconversion for SpA

Variable

Sociodemographic characteristics

Positive ANA
(N=110)

Negative ANA
(N=61)

Age, mean (SD), years 49.5+11.7 49.4+13.2 0.651
Female, n (%) 54.0 (49.1) 25 (41.0) 0.308
Disease duration, median (Q1-Q3), years 20.5 (15.0-27.4) 23.8 (16.1-33.3) 0.772
Age at diagnosis, mean (SD), years 34.3+11.4 33.6+11.3 0.70

BMI, median (Q1-Q3), Kg/m? 26.4 (23.9-31.3) 239 (1.7-27.1) 0.01*
Treatment options at baseline moment, n (%)

Glucocorticoids 13 (11.8) 6(9.8) 0.693
NSAID 68 (61.8) 33 (54.1) 0.325
csDMARDs 29 (26.4) 19 31.1) 0.505
Anti-TNF drug

Etanercept 16 (14.5) 19 31.1) 0.010%
Adalimumab 34 (30.9) 17 (27.9) 0.677
Infliximab 29 (26.4) 12 (19.7) 0.326
Golimumab 27 (24.5) 12 (19.7) 0.467
Certolizumab pegol 4 (3.6) 1(1.6) 0.656

axSpa: axial spondyloarthritis; SD: standard deviation; ANA: antinuclear antibodies; M: Month; Q: quartile; NSAIDs: Non-steroidal anti-inflammatory drugs; MTX: Methotrexate;

csDMARD: conventional synthetic disease modifying antirheumatic drugs; TNF: tumour necrosis factor. *Statistically significant.

Table Ill. Baseline clinical characteristics per groups of ANA seroconversion for PsA.

Variable

Sociodemographic characteristics

Positive ANA
(N=42)

Negative ANA
(N=24)

pvalue

Age, mean (SD), years 38.5+9.9 41.4£13.1 0.522
Female, n (%) 22 (52.4) 9 (37.5) 0.244
Disease duration, median (Q1-Q3), years 14.9 (10.7-21.1) 15.0 (11.0-21.3) 0.654
Age at diagnosis, mean (SD), years 38.5£9.9 41.4+13.1 0.314
BMI, median (Q1-Q3), Kg/m? 27.5(23.4-29.5) 27.6 (24.9-29.4) 0.778
Treatment options at baseline moment, n (%)

Glucocorticoids 14 (33.3) 11 (45.8) 0.314
NSAIDs 29 (69.0) 15 (62.5) 0.587
csDMARDs 23 (54.8) 16 (66.7) 0.344
Anti-TNF drug

Etanercept 17 (40.5) 8(33.3) 0.565
Adalimumab 12 (28.6) 7(29.2) 0.959
Infliximab 6 (14.3) 2 (8.3) 0.700
Golimumab pegol 7 (16.7) 7(29.2) 0.232

PsA: psoriatic arthritis; SD: standard deviation; ANA: antinuclear antibodies; M: Month; Q: quartile; NSAIDs: Non-steroidal anti-inflammatory drugs; MTX: Methotrexate;
csDMARD: conventional synthetic disease modifying antirheumatic drugs; TNF: tumour necrosis factor.
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Table IV. Regression analysis to predict the effect of ANA seroconversion on the main clinical outcome
variables for patients with RA, SpA and PsA.

A axSpA

seroconversion At12M At 24M
B p

DAS28 -0.21 0.017* -0.21 0.017* 0.64 042 135 0.77

HAQ -0.13 0.14 -0.13 0.14 -0.63 0.59 020 0.89

CDAI -0.18 0.12 0.09 0.50 -0.46 0.58  0.04 0.64 NA

SDAI -0.18 0.13 0.12 0.39 0.74 043 315 0.28

ASDAS-CRP -1.12 027 022 0.91 -024 059 018  0.63

DAPSA -0.14 045 0.19 0.18 NA

BASDAI NA 0.38 0.13 -0.03 085

BASFI NA -0.12 044 -0.09 0.51

BASMI -0.19 027 -0.02 0.90

Eular response -0.16 0.72 -0.16 0.72 -0.58 040 -1.36 0.16 NA

ASAS response NA NA 0.02 059 0.01 0.80

Switch rate -0.01 0.97 -0.01 0.97 1.19 028 046 0.69 -0.04 088 035 0.16

ANA: antinuclear antibodies; ASAS: Assessment of Spondyloarthritis International Society; ASDAS: Ankylosing Spondylitis Disease Activity Score; axSpA: axial spondylarthritis;
BASDAL Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrological Index;
CDAL: Clinical Disease Activity Index; CRP: C-reactive protein; DAPSA: Disease Activity Index for Psoriatic Arthritis; DAS28: Disease Activity Score for 28 joints; HAQ: Health
Assessment Questionnaire; M: Month; NA: not applicable; PsA: psoriatic arthritis; RA: theumatoid arthritis; SDAIL: Simplified Disease Activity Index. *Statistically significant.
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