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Abstract 

 

Objectives: To compare the effectiveness of the infliximab biosimilar (sim-INF) CT-P13 

with originator infliximab (orig-INF) over 24 months of follow-up in biological-naïve patients with 

rheumatoid arthritis (RA) and axial spondyloarthritis (axSpA). 

Methods: Biological-naïve patients from the Rheumatic Diseases Portuguese Register 

(Reuma.pt), with a clinical diagnosis of RA or axSpA, who were starting either the sim-INF CT-

P13 or the orig-INF after 2014 (date of market entry of CT-P13 in Portugal), were included. 

Patients on biosimilar and originator were compared regarding different response outcomes at 

3 and 6 months, adjusting for age, sex and baseline C Reactive Protein (CRP). The main outcome 

was the change in DAS28-Erythrocyte Sedimentation Rate (ESR) for RA and the ASDAS-CRP for 

axSpA. Additionally, the effect of sim-INF vs orig-INF on different response outcomes over 24 

months of follow-up was tested with longitudinal generalized estimating equations (GEE) 

models. 

Results: In total, 140 patients were included, 66 (47%) of which with RA. The distribution 

of patients starting the sim-INF and the orig-INF was the same between the two diseases 

(approximately 60% and 40%, respectively). From the 66 patients with RA, 82% were females, 

mean age was 56 (SD 11) years and mean DAS28-ESR 4.9 (1.3) at baseline. As for the patients 

with axSpA, 53% were males, mean age was 46 (13.0) years and mean ASDAS-CRP 3.7 (0.9) at 

baseline. There were no differences in efficacy between RA patients treated with the sim-INF 

and the orig-INF, either at 3 months (∆DAS28-ESR: -0.6 (95% CI -1.3; 0.1) vs -1.2 (-2.0; -0.4)), or 

at 6 months (∆DAS28-ESR: -0.7 (-1.5; 0.0) vs -1.5 (-2.4; -0.7)). This was also true for patients with 

axSpA (∆ASDAS at 3 months: -1.6 (-2.0; -1.1) vs -1.4 (-1.8; -0.9) and at 6 months: -1.5 (-2.0; -1.1) 

vs -1.1 (-1.5; -0.7)). Results were similar with the longitudinal models over 24 months. 
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Conclusion: There are no differences in effectiveness between the sim-INF CT-P13 and the 

orig-INF in the treatment of biological-naïve patients with active RA and axSpA in clinical 

practice. 

 

 

Keywords: Spondylarthritis; Rheumatoid arthritis; Biosimilar; infliximab; CT-P13; Axial 

spondyloarthritis. 

 

 

 

Introduction 

  

 

Biological disease-modifying antirheumatic drugs (bDMARDs) are a pillar of the treatment 

of rheumatic diseases such as Rheumatoid Arthritis (RA) and axial Spondyloarthritis (axSpA)1-3. 

These drugs are also the current main drivers of direct costs of healthcare systems worldwide 

which might, partially, explain why they are yet to become equally accessible to all rheumatic 

patients4,5. The end of patents for some bDMARDs allowed manufacturers to develop biosimilar 

drugs, which contain a version of the active substance of their originators. Even though 

biosimilars are made using independently-derived cell lines and separately-developed 

manufacturing processes, they intend to be as effective and safe as their originators but, 

importantly, less expensive6,7. 

 

Infliximab’s biosimilar (sim-INF) CT-P13 was the first monoclonal antibody (mAb) to be 

approved by the European Medicines Agency (EMA) in 20138. The clinical efficacy of CT-P13 was 

established in two 30-week randomized clinical trials (RCTs): the phase I PLANETAS in patients 

with radiographic axSpA and the phase III PLANETRA in patients with RA9,10. These studies 

demonstrated similar efficacy and safety profiles between CT-P13 and its originator. 

 

The approval of CT-P13 was shortly followed by the approval of other biosimilars with 

reassuring evidence on their efficacy and safety stemming not only from clinical trials but also 

from ‘real-life’ settings7. Most observational studies including patients with RA and SpA have 

assessed infliximab switch, sometimes disfavouring the biosimilar product11-13. This has largely 

been attributed to a nocebo effect14, although the evidence for such an effect has been 
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disputed15. In order to (also) address this issue, a large prospective study with data from five 

biologic national registers from Northern Europe included only biological-naïve patients with 

SpA who were starting either the infliximab originator (orig-INF) or the CT-P13 (sim-INF)16. After 

2 years of treatment no differences were found in disease activity markers comparing both 

products. Still, real-world data continues to be gathered and, besides the latter, only a few 

studies have compared bDMARD-naive patients starting treatment with a bDMARD originator 

versus the biosimilar during the same time period in RA and axSpA. 

 

We aimed at comparing the effectiveness of the sim-INF CT-P13 with orig-INF over 24 

months of follow-up in biological-naïve patients with RA and axSpA followed in daily clinical 

practice. 

 

 

Methods 

 

Patients and study design 

 

This was a prospective multicentre cohort study in which adult patients (≥18 years old) 

diagnosed with RA or axSpA (according to their rheumatologists), registered in Reuma.pt 

(Rheumatic Diseases Portuguese Register) were included. Reuma.pt is a nationwide cohort, 

established and managed by the Portuguese Society of Rheumatology, in which data from 

patients with various rheumatic diseases, including RA and axSpA, is recorded22. Two groups 

were defined: 1) patients starting the sim-INF CT-P13; and 2) patients starting orig-INF. They 

were starting their first bDMARD either due to inefficacy, intolerance or adverse events to 

conventional therapies (i.e., conventional synthetic DMARDs (csDMARDs) and/or non-steroidal 

anti-inflammatory drugs (NSAIDs)), according to their treating rheumatologists. Follow-up 

started with the first drug administration since the market entry of CT-P13 in Portugal, that was 

January 2014 (baseline), and ended at treatment discontinuation or at the end of the study 

period (December 2019). Follow-up visits occurred after 3, 6, 12, 18 and 24 months. In addition 

to being naïve for bDMARD therapy, patients in both groups were also required to have baseline 

visit registration available. 

 

In Portugal bDMARDs are fully reimbursed, which contributes to level the access to these 

expensive therapies. Despite the fact that, in the first months of the introduction of CT-P13 in 

the Portuguese market, the decision of initiating an originator or a biosimilar was somehow 
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shared between rheumatologists and hospital pharmacies, the latter always favoured the 

standard use of the cheapest drug as the initial bDMARD treatment, especially in recent years 

(unless explicitly ‘challenged’ by the treating rheumatologists). 

 

For this study, a dedicated team of researchers from each participating centre was 

assigned to complete missing information in Reuma.pt whenever possible. Reuma.pt has been 

approved by the ethics committees of the participating hospitals and this specific study has been 

approved by the ethics committee of the Nova Medical School, Lisbon, Portugal 

(nr.45/2016/CEFCM). Patients have signed a written informed consent before inclusion. 

 

 

Demographic and clinical characteristics 

 

Information on treatment was available in each visit. In this case we specifically focused 

on whether the patient was treated with sim-INF or orig-INF (including start and stop dates). 

 

The following characteristics were collected at baseline: i. Socio-demographic: age, sex, 

body mass index (mg/m2), smoking status (smoker vs non-smoker); ii. Clinical and laboratory: 

disease duration (years), C-reactive protein (CRP) (mg/dL), erythrocyte sedimentation rate (ESR), 

the number of comorbidities (arterial hypertension, dyslipidaemia, diabetes, cardiovascular 

diseases, thyroid disease and malignancies) and the past and current comedication (NSAIDs, oral 

glucocorticoids and csDMARDs). 

 

Disease-specific data included: i. RA: serology: rheumatoid factor (RF) and anti-

citrullinated protein antibody (ACPA); ii. axSpA: SpA features all defined as ever (i.e. current or 

past) and binary (yes/no): inflammatory back pain (no formal definition), peripheral arthritis, 

uveitis, inflammatory bowel disease (Crohn’s/ulcerative colitis), psoriasis, dactylitis, heel 

enthesitis, good response to NSAIDs, elevated CRP (≥0.5mg/dL), human leukocyte antigen B27 

status (HLA-B27) and familial history of SpA17; Imaging: presence of definite radiographic 

sacroiliitis according to the modified New York criteria (mNY) (according to the treating 

rheumatologists/local radiologists)18. 
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Treatment outcomes 

 

Treatment outcomes were assessed with change and status scores. Change-scores were 

assessed as the difference between the value in each follow-up visit and the value at baseline. 

Status scores were assessed in each follow-up visit. 

 

In RA, treatment effect was assessed according to the change in the 28-joint disease 

activity score (DAS) 28 – ESR (DAS28-ESR) (main outcome), DAS28-ESR remission (DAS28-ESR < 

2.6) and low disease activity (DAS28-ESR ≤ 3.2), change in the clinical disease activity index 

(CDAI), CDAI remission (CDAI ≤ 2.8) and low disease activity (CDAI ≤ 10), change in the simplified 

disease activity index (SDAI), SDAI remission (SDAI ≤ 3.3) and low disease activity (SDAI ≤ 11), 

proportion of patients achieving the ACR/EULAR Boolean-based definition of remission and 

change in HAQ-score19,20. 

 

In axSpA, the effect of treatment was assessed according to the change in the Ankylosing 

Spondylitis Disease Activity Score-CRP (ASDAS-CRP) (main outcome), ASDAS inactive disease 

(ASDAS < 1.3) and low disease activity (ASDAS < 2.1), ASDAS clinically important (ASDAS CII) 

(ASDAS Δ ≥ 1.1) and major improvement (ASDAS MI) (ASDAS Δ ≥ 2.0), change in the Bath 

Ankylosing Spondylitis Disease Activity Index (BASDAI), BASDAI 50 response (i.e. improvement 

of BASDASI of ≥ 50% and/or absolute improvement of 2 units) and the change in the bath 

ankylosing spondylitis functional index (BASFI)21. 

 

 

Statistical analysis 

 

The effect of treatment with sim-INF vs orig-INF on the response outcomes was evaluated 

separately for RA and axSpA, using two analytical approaches: i) multivariable linear (or logistic, 

depending on the outcome) regression using as outcome each response criteria at 3 and 6 

months and adjusting for age, sex and CRP at baseline (selected a priori on clinical grounds). This 

analysis was performed only in patients with complete 6 months of follow-up (baseline, 3 and 6 

months visits available) and with complete data for each response outcome; ii) multivariable 

linear (or binomial, depending on the outcome) generalized estimating equations (GEE), with 

the effect of treatment at baseline tested against the outcome over 24 months of follow-up (3, 

6, 12, 18 and 24 months visits), accounting for the correlation of repeated measurements within 
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patient and also adjusting for the same confounders (with CRP modelled as time-varying). This 

analysis was performed in all included patients regardless of their follow-up time. 

 

Data analysis was performed using Stata V. 14.0. 

 

 

Results 

 

Patient characteristics 

 

By the time of database lock, 154 biological-naïve patients registered in Reuma.pt who 

started therapy with infliximab (either the sim-INF CTP-13 or the orig-INF) fulfilled the inclusion 

criteria for this analysis. From these, 14 patients did not have registration of the baseline visit. 

In total, 140 patients were included (n=66, 47% with RA; n=74, 53% with axSpA). The proportion 

of patients starting the sim-INF and the orig-INF was the same between the two diseases (58% 

for the biosimilar [n=38 for RA and n=41 for axSpA] and 42% for the originator [n=28 for RA and 

n=31 for axSpA]). 

 

Baseline characteristics are shown in table 1 and table 2, for RA and axSpA, respectively. 

From the 66 patients with RA, 82% (n=54) were females, had a mean age of 56 (SD 11) years and 

mean DAS28-ESR of 4.9 (1.3) at baseline. As for the axSpA patients, 53% (n=39) were male, had 

a mean age of 46 (13) years and a mean ASDAS-CRP of 3.7 (0.9) at baseline. There were some 

differences in baseline characteristics between the sim-INF CT-P13 and the orig-INF that should 

be pointed out: 1) a slightly higher disease activity in the sim-INF group for both patients with 

RA (DAS28-ESR: 5.1 (1.2) vs 4.8 (1.5), for sim-INF and orig-INF, respectively) and with axSpA 

(ASDAS-CRP: 3.8 (0.9) vs 3.5 (0.9), for sim-INF and orig-INF, respectively); 2) for patients with RA, 

a higher proportion of males and positive serology were present in the orig-INF group compared 

to sim-INF; 3) for patients with axSpA, a higher proportion of males, smokers, HLA-B27 positivity 

and radiographic sacroiliitis were present in the orig-INF group compared to sim-INF. 

 

 

Treatment effect of sim-INF vs orig-INF at 3 and 6 months 

 

In total, 85 patients (41 with RA and 44 with axSpA) had complete 6-month follow-up, 

once again with a similar distribution between sim-INF and orig-INF (46% and 43% for RA and 
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axSpA, respectively, in the sim-INF group). The remaining 55 patients (from the original 140) 

were excluded mostly due to missing data (n=39; 71%). Reasons for discontinuation of therapy 

before 6 months regarding the residual 16 patients, are included in the supplementary Table I. 

 

Overall, response to sim-INF and orig-INF was similar according to each outcome at 3 and 

6 months, for both RA (e.g., Δ DAS28-ESR at 6 months β biosimilar vs originator= 0.8 (95% CI -

0.4;1.9) (Table III) and for axSpA (e.g., Δ ASDAS-CRP at 6 months β biosimilar vs originator= -0.5 

(95% CI -0.1;1.1) (Table IV). For a few outcomes in axSpA the likelihood of response was higher 

for sim-INF in comparison with the orig-INF (i.e., ASDAS CII at 3 months OR 6.7 (95% CI 1.1;39.5), 

ASDAS MI at 6 months OR 8.4 (95% CI 1.1;63.3); p-value 0.04 for both. However, the confidence 

interval in both cases was also very large. 

 

 

Treatment effect of sim-INF vs orig-INF over 24 months 

 

The effect of treatment at baseline on each response outcome over 24 months of follow-

up is shown in Table V. There was again no difference in response between the two groups 

according to the different outcomes either for RA (e.g., DAS28-ESR over 24 months: β 0.6 (95% 

CI 0.2;1.1)) or for axSpA (e.g., ASDAS-CRP over 24 months: β 0.0 (95% CI -0.4;0.3)). 

 

 

Discussion 

 

In this prospective cohort study, we found no significant differences in response outcomes 

over 24 months among biological-naïve patients who had started treatment with sim-INF CT-

P13 or orig-INF, neither for RA nor axSpA. Thus, these results support the similarity of both 

treatments in respect to their effectiveness in daily clinical practice. 

 

Following regulatory approval of sim-INF CT-P13 in Europe, the majority of post-marketing 

studies have assessed the effect of switching to a biosimilar among patients already under 

treatment with bDMARD originators. These include the long-term extensions of the original 

RCTs that led to CT-P13 approval for RA and axSpA (PLANETRA and PLANETAS), as well as the 

NOR-SWITCH study, all of which corroborating the equivalence of the efficacy of sim-INF CT-P13 

and orig-INF23-25. 
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The first ‘real-world’ evidence supporting the effectiveness of CT-P13 in RA and axSpA also 

derive from studies in which patients switched from orig-INF11-13. Of interest, a recent 

Portuguese study has showed that the switch in routine care of a group of RA, axSpA and 

psoriatic arthritis patients from orig-INF to sim-INF CT-P13 did not affect efficacy, safety, 

immunogenicity and reduced costs in 26.4%26.  

 

Only more recently, the effectiveness of sim-INF CT-P13 as first-line biologic therapy in RA 

and axSpA was also evaluated16, 27-30. These include studies comparing biological-naïve patients 

starting sim-INF CT-P13 or the orig-INF during the same time period. This is relevant to limit, 

among others, the nocebo effect which has been reported mainly in the context of switching 

from originators14. The first and larger of these studies included patients with axSpA from several 

Northern registers and found no significant differences in disease activity between the ones 

assigned to receive sim-INF CT-P13 and those assigned to receive the orig-INF (ASDAS-CRP at 6 

months: 2.03 (1.18) vs 1.95 (1.15))16. Two other studies from the Korean College of 

Rheumatology Biologics (KOBIO) register27, 28 also found similar effectiveness between sim-INF 

CT-P13 and orig-INF both in patients with RA (ACR20 response at 24 months: 82.1% vs 62.1%) 

and axSpA (ASDAS MI at 24 months: 59.9% vs 56.9%), even though the comparison was not 

restricted to patients starting these therapies as first-line biologics. 

 

Taken all together, our results are in agreement with previous evidence from ‘real world’ 

settings which support that the sim-INF CTP-13 and orig-INF are equally effective. 

 

Our study has some limitations. The main limitation pertains to the small number of 

patients who fulfilled the inclusion criteria and could therefore be included. This is, however, 

translating daily clinical practice where rheumatologists have other bDMARDs at their disposal, 

including those administered subcutaneously which are arguably preferable to many patients. 

The small sample size may also account for some differences in baseline characteristics. Of note, 

our longitudinal analysis making use of GEE models allowed us to include more patients, as 

compared to the completers’ analysis, as well as to evaluate the efficacy outcomes at multiple 

visits per each patient, taking all the available information per patient into account. This setting 

allowed us to make a more efficient use of the available data and increased the statistical power 

to detect possible differences between groups therefore addressing, to some extent, the 

limitation of the sample size. Another limitation, common to all observational studies, is the 

possibility of confounding by indication. In fact, some differences were noted between patients 

starting sim-INF CT-P13 and the orig-INF, in particular in their levels of disease activity which 
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were somewhat higher in the former group. There are several possible factors contributing to 

these differences: including local policies concerning the switch from originator to biosimilar, 

the beliefs of the prescribing rheumatologist which might have changed over time as more 

evidence accumulated supporting the use of biosimilars, and patients’ preferences. The ‘net 

result’ of these sources of (selection) bias is difficult to quantify, therefore our results should be 

interpreted with caution. With that being said, it is still notable that no difference in efficacy was 

identified for almost all outcomes over a period up to 2 years of follow-up. 

 

In summary, data from this nationwide multicentre cohort study has shown no differences 

in long-term effectiveness between the sim-INF CT-P13 and the orig-INF in the treatment of 

patients with active RA and axSpA, confirming that both drugs are a valid treatment option for 

these inflammatory diseases. 

 

 

Tables 

 

Table I. Baseline patient- and disease-characteristics of patients with rheumatoid arthritis 

 

Variables 
Overall Originator Biosimilar 

(N=66) (N=28) (N=38) 
Age in years 56 (11) 55 (12) 56 (11) 
Gender (male) 12 (18) 7 (25) 5 (13) 
Current smokers † 11 (20) 5 (20) 6 (20) 
Number of comorbidities * † 0.6 (0.7) 0.4 (0.6) 0.7 (0.8) 
Disease duration in years † 9 (7) 10 (7) 9 (7) 
RF † 51 (82) 23 (92) 28 (76) 
ACPA † 45 (78) 19 (86) 26 (72) 
DAS28-ESR (3V) † 4.9 (1.3) 4.8 (1.5) 5.1 (1.2) 
CRP, mg/dL ‡ 1.9 (2.3) 1.9 (2.0) 1.9 (2.6) 
ESR, mm/h ‡ 39.7 (28.8) 31.5 (21.4) 46.3 (32.4) 
Co-medication †    
     NSAIDs  28 (42) 15 (54) 13 (34) 
     csDMARDs 59 (94) 25 (93) 34 (94) 
     Oral Corticosteroids 48 (77) 19 (73) 29 (81) 

Overall: RA patients from Reuma.pt, irrespective of treatment group. Continuous variables presented as mean ± SD; 

categorical variables presented as n (%). ‡ <5% of missing values. † <25% of missing values. * Arterial hypertension 

and other cardiovascular diseases, dyslipidemia, diabetes mellitus, thyroid disease and malignancies. bDMARDs, 

biologic Disease Modifying Anti-Rheumatic Drugs. RF, Rheumatoid Factor. ACPA, Anti-Citrullinated Peptide Antigen. 

DAS28 (3V), Disease Activity Score-28 (3 variables). CRP, C Reactive Protein. ESR, Erythrocyte Sedimentation Rate. 

NSAIDs, Non-Steroid Anti-inflammatory Drugs. csDMARDs, conventional synthetic Disease Modifying Anti-Rheumatic 

Drugs. 
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Table II. Baseline patient- and disease-characteristics of patients with axial spondyloarthritis 

 

Variables 
Overall Originator Biosimilar 
(N=74) (N=31) (N=43) 

Age in years 46 (13) 48 (13) 45 (13) 
Gender (male) 39 (53) 21 (68) 18 (42) 
Current smokers † 19 (30) 12 (46) 7 (18) 
Number of comorbidities * † 0.3 (0.5) 0.3 (0.4) 0.3 (0.6) 
Disease duration in years † 14 (11) 15 (11) 12 (11) 
Number of SpA features ** ‡ 2.9 (1.3) 2.6 (1.4) 3.1 (1.2) 
HLA-B27 † 41 (69) 18 (78) 23 (64) 
mNY † 54 (82) 25 (89) 29 (76) 
Inflammatory back pain, ‡ 58 (84) 22 (82) 36 (86) 
Peripheral arthritis, ‡ 25 (36) 12 (44) 13 (31) 
Anterior uveitis, ‡ 9 (13) 3 (11) 6 (14) 
Psoriasis, ‡ 1 (1) 0 (0) 1 (2) 
Inflammatory bowel disease, ‡ 14 (20) 3 (11) 11 (26) 
BASDAI (0-10) ‡ 6.3 (2.1) 5.6 (2.4) 6.7 (1.8) 
ASDAS-CRP ‡ 3.7 (0.9) 3.5 (0.9) 3.8 (0.9) 
BASFI (0-10) ‡ 5.9 (2.4) 5.6 (2.4) 6.1 (2.3) 
CRP, mg/dL ‡ 1.7 (1.9)  1.7 (1.5) 1.7 (2.1) 
ESR, mm/h ‡ 34.9 (23.5) 31.0 (20.2) 37.2 (25.2) 
Co-medication    

NSAIDs 33 (45) 14 (45) 19 (44) 
csDMARDs 38 (51) 18 (58) 20 (47) 
Oral Corticosteroids 12 (16) 6 (19) 46 (14) 

Overall: axSpA patients from Reuma.pt, irrespective of treatment group. Continuous variables presented as mean ± 

SD; categorical variables presented as n (%). ‡ <10% of missing values. † <25% of missing values. * Arterial 

hypertension and other cardiovascular diseases, dyslipidemia, diabetes mellitus, thyroid disease and malignancies. 

** SpA features: inflammatory back pain, sacroiliitis on imaging (pelvic radiography and/or MRI), HLA-B27, peripheral 

arthritis, uveitis, inflammatory bowel disease, psoriasis, dactylitis, enthesitis, good response to NSAIDs, elevated CRP 

(≥0.5mg/dL) and familial history of SpA. HLA-B27, Human Leucocyte Antigen B27. mNY, modified New York criteria 

for Ankylosing Spondylitis. CRP, C Reactive Protein. BASDAI, Bath Ankylosing Spondylitis Disease Activity Index. ASDAS, 

Ankylosing Spondylitis Disease Activity Score. BASFI, Bath Ankylosing Spondylitis Functional Index. ESR, Erythrocyte 

Sedimentation Rate. NSAIDs, Non-Steroid Anti-inflammatory Drugs. csDMARDs, conventional synthetic Disease 

Modifying Anti-Rheumatic Drugs. 
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Table III. Effect of treatment on response outcomes at 3 and 6 months in patients with 

rheumatoid arthritis (multivariable models) 

 

Outcomes 
Biosimilar vs Originator  

(N=41; 22 vs 19) 
3 months p-value 6 months p-value 

Continuous, β (95% CI)     
Δ DAS28-ESR (3V) † 0.6 (-0.4; 1.7) 0.23 0.8 (-0.4; 1.9) 0.18 
Δ CDAI 0.1 (-11.6; 11.9) 0.98 2.4 (-9.8; 14.7) 0.69 
Δ SDAI † -1.9 (-14.6; 10.9) 0.77 1.7 (-11.6; 15.1) 0.80 
ACR-EULAR Remission † * * * * 

Dichotomous, OR (95% CI)     
DAS28-ESR (3V) <2.6 † 0.4 (0.0; 4.9) 0.47 0.6 (0.1; 3.1) 0.50 
DAS28-ESR (3V) ≤3.2 † 0.3 (0.1; 2.3) 0.26 0.7 (0.2; 3.2) 0.70 
CDAI≤2.8 † 0.8 (0.0; 15.8) 0.88 * * 
CDAI≤10 † 1.3 (0.2; 7.0) 0.74 1.2 (0.3; 5.5) 0.81 
SDAI≤3.3 † * * * * 
SDAI≤11 † 1.1 (0.2; 24.7) 0.90 1.8 (0.4; 8.9) 0.49 

Comparison of the different response outcomes between patients treated with the infliximab biosimilar and those 

treated with the infliximab originator (multivariable logistic/linear regression using the originator as reference 

category and adjusted for age, sex and baseline CRP). β, Beta coefficient. OR, Odds Ratio. 95% CI, 95%. Continuous 

variables presented as β (95% CI); categorical variables presented as OR (95% CI). † <35% of missing values. DAS28 

(3V), Disease Activity Score-28 (3 variables). DAS28 (3V) ESR<2.6, DAS28 Remission. DAS28≤3.2, DAS28 Low Disease 

Activity. CDAI, Clinical Disease Activity Index. CDAI≤2.8, CDAI Remission. CDAI≤10, CDAI Low Disease Activity. SDAI, 

Simple Disease Activity Index. SDAI≤3.3, SDAI Remission. SDAI≤11, SDAI Low Disease Activity. HAQ, Health Assessment 

Questionnaire. ACR-EULAR RC, American College of Rheumatology-European League Against Rheumatism Boolean 

Remission Criteria. Δ, difference between the corresponding outcome measure at the referred time-point and at 

baseline. * Models do not converge due to limited number of patients/events. 
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Table IV. Effect of treatment on response outcomes at 3 and 6 months in patients with axial 

spondyloarthritis (multivariable models) 

 

Outcomes 

Biosimilar vs Originator 
(N=44; 19 vs 25) 

3 months p-value 6 months p-value 

Continuous, β (95% CI)     
Δ ASDAS † -0.2 (-0.8; 0.4) 0.52 -0.5 (-0.1; 1.1) 0.14 
Δ BASDAI † -0.4 (-1.9; 1.0) 0.55 -0.6 (-2.2; 0.9) 0.41 
Δ BASFI † -1.2 (-2.5; 0.2) 0.08 -0.9 (-2.2; 0.4) 0.18 

Dichotomous, OR (95% CI)     
ASDAS CII † 6.7 (1.1; 39.5) 0.04 2.7 (0.5; 13.9) 0.24 
ASDAS MI † 1.0 (0.2; 5.2) 0.99 8.4 (1.1; 63.3) 0.04 
ASDAS LDA † 0.3 (0.0; 1.8) 0.17 1.2 (0.2; 6.4) 0.84 
ASDAS ID † 0.6 (0.1; 3.1) 0.52 0.6 (0.1; 3.0) 0.49 
BASDAI50 † 1.0 (0.2; 4.3) 0.98 1.6 (0.4; 7.0) 0.51 

Comparison of the different response outcomes between patients treated with the infliximab biosimilar and those 

treated with the infliximab originator (multivariable logistic/linear regression using the originator as reference 

category and adjusted for age, sex and baseline CRP). β, Beta coefficient. OR, Odds Ratio. 95% CI, 95%. Continuous 

variables presented as β (95% CI); categorical variables presented as OR (95% CI). † <25% of missing values. BASDAI, 

Bath Ankylosing Spondylitis Disease Activity Index. ASDAS, Ankylosing Spondylitis Disease Activity Score. BASFI, Bath 

Ankylosing Spondylitis Functional Index. BASFI, Bath Ankylosing Spondylitis Functional Index. BASDAI50, BASDAI 50 

Response. ASDAS CII, ASDAS Clinical Important improvement. ASDAS MI, ASDAS Major Improvement. ASDAS LDA, 

ASDAS Low Disease Activity. Δ, difference between the corresponding outcome measure at the referred time-point 

and at baseline. 
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Table V. Effect of treatment on response outcomes over 24 months in patients with rheumatoid 

arthritis and axial spondyloarthritis (multivariable models) 

Variables 
  Biosimilar vs Originator 

Rheumatoid Arthritis 
Outcomes  

DAS28-ESR (3V) 
[N=65, n=200 visits] 

0.6 (0.2; 1.1) 

DAS28-ESR (3V) <2.6 
[N=65, n=200 visits] 

0.4 (0.1; 1.4) 

DAS28-ESR (3V) ≤3.2 
[N=65, n=200 visits] 

0.5 (0.2; 1.2) 

CDAI 
[N=56, n=172 visits] 

2.3 (-1.5; 6.2) 

CDAI≤2.8 
[N=50, n=119 visits] 

1.0 (0.9; 1.2) 

CDAI≤10 
[N=50, n=119 visits] 

1.0 (0.8; 1.3) 

SDAI 
[N=54, n=167 visits] 

2.8 (-1.3; 7.0) 

SDAI≤3.3 
[N=49, n=115 visits] 

1.1 (0.3; 4.0) 

SDAI≤11 
[N=49, n=115 visits] 

1.2 (0.5; 3.0) 

HAQ 
[N=54, n=126 visits] 

0.4 (0.1; 0.7) 

ACR-EULAR Remission 
[N=57, n=140 visits] 

1.4 (0.4; 5.5) 

 Axial Spondyloarthritis 
Outcomes    

ASDAS 
[N=72, n=281 visits] 

0.0 (-0.4; 0.3) 

ASDAS CII 
[N=65, n=207 visits] 

1.5 (0.6; 3.7) 

ASDAS MI 
[N=65, n=207 visits] 

2.8 (1.0; 8.2) 

ASDAS LDA 
[N=68, n=212 visits] 

0.7 (0.2; 2.1) 

ASDAS ID 
[N=140, n=57 visits] 

1.0 (0.5; 2.2) 

BASDAI 
[N=73, n=284 visits] 

0.1 (-0.7; 0.9) 

BASDAI50 
[N=67, n=210 visits] 

1.1 (0.5; 2.5) 

BASFI 
[N=68, n=265 visits] 

-0.3 (-1.3; 0.7) 

Generalized Estimating Equations (GEE) models with the treatment group as predictor (reference category: 

originator); all models adjusted for age, sex, and baseline CRP. β, Beta coefficient. OR, Odds Ratio. 95% CI, 95% 

Confidence Interval. Continuous variables presented as β (95% CI); categorical variables presented as OR (95% CI). 

DAS28, Disease Activity Score-28. DAS28 (3V) ESR<2.6, DAS28 Remission. DAS28≤3.2, DAS28 Low Disease Activity. 

CDAI, Clinical Disease Activity Index. CDAI≤2.8, CDAI Remission. CDAI≤10, CDAI Low Disease Activity. SDAI, Simple 

Disease Activity Index. SDAI≤3.3, SDAI Remission. SDAI≤11, SDAI Low Disease Activity. HAQ, Health Assessment 

Questionnaire. ACR-EULAR RC, American College of Rheumatology-European League Against Rheumatism Boolean 

Remission Criteria. BASDAI, Bath Ankylosing Spondylitis Disease Activity Index. ASDAS, Ankylosing Spondylitis Disease 

Activity Score. BASFI, Bath Ankylosing Spondylitis Functional Index. BASFI, Bath Ankylosing Spondylitis Functional 

Index. BASDAI50, BASDAI 50 Response. ASDAS CII, ASDAS Clinical Important improvement. ASAS MI, ASDAS Major 

Improvement. ASDAS LDA, ASDAS Low Disease Activity. 
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Supplementary Table I. Reasons for discontinuation of bDMARD before 6 months of therapy 

 
Rheumatoid arthritis  Axial spondyloarthritis 

Total 
Biooriginator Biosimilar Biooriginator Biosimilar 

Discontinuations 5 5 4 2 16 
Adverse event 1 1 1 0 3 
Death 0 1 0 0 1 
Inefficacy 0 1 1 1 3 
Switch * 1 1 0 1 3 
Unknown 3 1 2 0 6 

* Reasons unknown 
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