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Supplementary Table 1. Ethics approvals 

Database/Centre Ethics Approval 

Bath South West-Central Bristol NRES 

Committee 

Approval number BA74/00-01 

Czech Ethics Committee University hospital 

Hradec Kralove 

Reference number 201811 I050 

Greece Institutional Review Board of the University 

Hospital of Heraklion, Crete 

Decision number:1476/20-03-2012 

Italy Comitato Etico Policlinico Bari 

Approval number 5227 

Switzerland Kantonale Ethikkommission Bern 

Basec-Nr.: 2016 - 01491 
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Supplementary Table 2. Data collection within each biologics database 
Data collected ATTRA – Czech Republic Bari – Italy Bath – UK HeRBT – Greece SCQM - Switzerland 
Number of PsA patients 658 300 199 314 824 
Type of database Biologics registry Hospital-based PsA cohort  Hospital-based PsA cohort  Biologics registry Biologics registry 
Start of PsA data collection 2004 2001 1989 2003 2005 
Requirements for entry to the 
database 

Mandatory registration of all 
patients with PsA starting on 
their first biological therapy.  

Mandatory registration of all 
patients with a clinical 

diagnosis of spondyloarthritis 

All patients with a clinical 
diagnosis of PsA. 

Registration not mandatory 
but usual clinical practice 

Mandatory registration of 
new users of biologic therapy 
with inflammatory arthritis. 7 

participating centres  

Patients with PsA and able to 
communicate in a Swiss 

national language. Registration 
not mandatory.*  

Percentage of patients with 
PsA treated with biologic 
agents included 

>95% of all patients in the 
Czech Republic prescribed 

biological therapies 

100% of those treated at the 
hospital 

>95% of patients treated at 
the hospital 

>95% of patients treated at 
the 7 participating centres

Unknown 

Timing of follow-up visits Baseline, 3 and 6 months, 
then 6 monthly to 36 months 

and then annually  

Baseline, 6 months, 12 
months and then annually 

Baseline, 3 months and 
then 6 monthly  

Baseline, 6,12,18 and 24 
months then annually 

No set pattern of follow-up. 

Year anti-TNFi available  

Etanercept 2000 2001 2000 2000 2003 
Infliximab 1999 2000 2005 2000 2005 
Adalimumab 2003 2003 2005 2004 2006 
Golimumab 2009 2010 2009 2009 2010 
Certolizumab pegol 2009 2011 2014 2009 2014 
TNFi data collection 
Start date of first TNFi Yes Yes Yes Yes Yes 
End date of TNFi therapy Yes Yes Yes Yes Yes 
Name of TNFi Yes Yes Yes Yes Yes 
Reason for starting TNFi No Yes Yes No Yes 
Reason for discontinuing TNFi Yes Yes Yes Yes Yes 
Date of TNFi switch Yes Yes Yes Yes Yes 
Reason for switching TNFi Yes Yes Yes Yes Yes 
Previous non-TNFi biologic use Yes Yes Yes Yes Yes 
Previous csDMARD use Yes Yes Some Yes Yes 
Previous NSAID use  No No Some No No 
Previous steroid use Yes Yes Some Yes Yes 
Concurrent csDMARD use Yes Yes Yes Yes Yes 
Concurrent NSAID use Yes Yes No Yes Yes 
Concurrent steroid use Yes Yes No Yes Yes 
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Data collected ATTRA – Czech Republic Bari – Italy Bath – UK HeRBT – Greece SCQM - Switzerland 

Patient characteristics 
Additional data collected 
within the database (that was 
requested for the current 
study) other than shown in 
other tables 

Education, employment, date 
of loss to follow-up, age at 
psoriasis diagnosis 

Alcohol consumption (some 
data), ethnicity, date of loss 
to follow-up, psoriasis 
diagnosis, PASI 

Ethnicity, employment, 
date of loss to follow-up, 
age at psoriasis diagnosis, 
PASI, some BSA 

Date of loss to follow-up, 
psoriasis diagnosis 

Alcohol consumption, 
education, employment, 
socioeconomic status, date of 
loss to-follow-up, age at 
psoriasis diagnosis 

Comorbidity data collected (as 
requested for the current 
study) 

Cardiac failure, malignant 
tumour, lymphoma, COPD, 
chronic hepatopathy, 
tuberculosis, inflammatory 
bowel disease (IBD) 

Cardiac failure, malignant 
tumour, lymphoma, COPD, 
pulmonary disease, chronic 
hepatopathy, alcohol abuse, 
tuberculosis, IBD, uveitis 

Not routinely completely 
recorded  

Comorbidity data only 
collected for patients treated 
at the Crete participating 
centre 

Cardiac failure, malignant 
tumour, lymphoma, COPD, 
pulmonary disease, chronic 
hepatopathy, alcohol abuse, 
tuberculosis, uveitis 

* Approximately 50% from private rheumatologists. NSAID, non-steroidal anti-inflammatory drug; COPD, chronic obstructive pulmonary disease; PASI, psoriasis area severity index; BSA, psoriasis body surface area
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Supplementary Data 1 – statistical analysis 

Comparative effectiveness analyses 

Due to the complexity of the comparative effectiveness analyses modelling, we only included data for which we had individual patient data at 

the University of Bath (Bath, Italian and Swiss databases). The availability of patient characteristic and outcome data varied between databases 

and local clinical practice also varied. Initial data analysis included examining changes in DAS28 and HAQ over time, without adjustment for 

covariates, using non-parametric (loess) smoothers. 

Comparative effectiveness analyses were based on an intention-to-treat analysis approach. Patients were followed until their censoring date, 

which was the earliest of (a) the time of discontinuation of their first TNFi agent, defined as discontinuation of therapy for at least three months; 

or (b) the date that they were lost to follow-up; or (c) the date of their last follow-up on the biologics database whichever was the earliest. Whilst 

the formulation of the HAQ and DAS28 means that they are continuous scores, in practice the manner in which they are measured (and rounded), 

results are typically more categorical in nature (e.g. 84% of the data was grouped in multiples of 0.125). Based on the discretisation observed in 

the data, HAQ scores were categorised into groups with a width of 0.25 and DAS28 scores into groups with a width of 1. For HAQ, in order to 

allow for the observed excess of zeros, a zero-inflation model was used with two components. These components represent the two mechanisms 

through which zeros can be generated (i) a binomial distribution (with a specified probability of generating a zero); and (ii) distribution that 

represents the observed data (that can also generate zeros). As examination of the outcome showed clear indication that the data were highly 

skewed and discontinuous, the latter distribution was chosen to be Poisson with allowance for over-dispersion through the use of the Negative 

Binomial. A consistent set of covariates were used for both components of the model. For DAS28, an excess of zeros was not observed and the 

Negative Binomial was used. These regression models were used to a compare TNFI monotherapy to (a) any TNFi plus csDMARD and, as a sub-
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group analysis we also compared to (b) TNFi+MTX, with comparisons based on the relative difference in rates of change in disease score between 

treatments. 

Whilst each registry had planned follow-up periods (for example 3 months, 6 months, 12 months), the actual dates of follow-up varied 

substantially around these dates with additional follow-up appointments being recorded in the databases. Attempting to classify these variable 

follow-up appointment dates into specific follow-up periods (e.g. change at 3 months, change at 6 months) resulted in significant loss of data. 

Therefore, we included all follow-up data in the analysis using the actual follow-up dates rather than planned time points.  

Regression models were adjusted for age at TNFi initiation and sex. Differences between rates of improvement in the two treatment groups 

were obtained by including an interaction term between time and treatment group in the regression models. Whilst we made the assumption 

that the clinical populations were sufficiently similar in terms of the certainty of diagnosis that their data could be combined, we included 

indicator variables for each database to account for any potential heterogeneity in the DAS28 and HAQ scores observed between databases.  

Clinically, we might expect there to be inherent differences between patients prescribed monotherapy or combination therapy (confounding by 

indication). If present, these differences would likely result in biased estimates of treatment effectiveness. To account for any confounding by 

indication observed, we developed database-specific propensity score models, using all available baseline covariate data, to calculate the 

individual propensity scores for treatment to monotherapy or combination therapy. The cohort-specific propensity score models were then 

included in the overall pooled model. Using propensity score matching would have resulted in a significant loss of data therefore we included 

the propensity scores as continuous covariates in the models. The table below shows the variables that were used in each of the propensity 

score models. 
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Missing values in any explanatory variable were estimated using multiple imputation using the Amelia II package in R. Variables were removed 

from the imputation model if they had more than 70% missing values (this only applied to the Baseline Patient Visual Analogue Score in the Bath 

dataset). The regression and propensity score models were run repeatedly for each imputed dataset. In order to test for a significant difference 

in the rate of change for each treatment group, estimates of the log Relative Risk (RR) with standard error associated with the interaction 

between treatment group and time were extracted and then combined to give an overall estimate of RR, together with a combined standard 

error using Rubin’s rule. 
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Variables included in the propensity score models 

Variable description Italy Switzerland Bath 
BMI at baseline ✔ ✔ ✔ 
Comorbidities - Psoriasis ✔ ✔ ✔ 

Comorbidities - Cardiac Failure ✔ ✔ ✘ 
Comorbidities - Malignant Tumour ✔ ✔ ✘ 
Comorbidities - Lymphoma ✘1 ✘1 ✘ 
Comorbidities - COPD ✔ ✔ ✘ 
Comorbidities - Pulmonary disease ✔ ✔ ✘ 
Comorbidities - Chronic hepatopathy ✔ ✔ ✘ 
Comorbidities - Tuberculosis ✔ ✔ ✘ 
Comorbidities - Inflammatory bowel disease ✔ ✘ ✘ 
Comorbidities - Uveitis ✔ ✔ ✘ 
Comorbidities - Alcohol Abuse ✘1 ✔ ✘ 
Comorbidities - Arterial Hypertension ✔ ✔ ✘ 
Disease duration at baseline ✔ ✔ ✔ 
Previously taken Methotrexate (MTX) ✔ ✔ ✔ 
Previously taken DMARDs ✔ ✔ ✔ 
Number of previous DMARDs (including MTX) ✔ ✔ ✔ 
Name of baseline TNFi ✔ ✔ ✔ 

Axial spondyloarthropathy at baseline ✔ ✔ ✘ 
Peripheral arthritis at baseline ✔ ✔ ✘ 

Enthesitis at baseline ✔ ✔ ✘ 
Dactylitis at baseline ✔ ✔ ✘ 
Baseline 66 Swollen Joint Count score ✔ ✔ ✔ 
Baseline 68 Tender Joint Count score ✔ ✔ ✔ 
Baseline Disease Activity Score 284 ✔ ✔ ✘
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Baseline Physician Visual Analogue Score ✔ ✔3 ✔ 
Baseline Patient Visual Analogue Score ✔ ✔3 ✘2

Baseline Pain Visual Analogue Score ✔ ✔3 ✔ 

Baseline Health Assessment Questionnaire Score4 ✔ ✔ ✔ 
Baseline Erythrocyte Sedimentation Rate ✔ ✔ ✘ 
Baseline C-Reactive Protein ✔ ✔ ✘ 
Baseline EQ5D Score ✘ ✔ ✔ 
Baseline Erosions ✘ ✘ ✔ 
Hospital Type - Office or Hospital ✘ ✔ ✘ 

1 The data was collected but there were no cases
2 Not included as >70% of the data were missing  
3 Not a VAS but a numerical rating scale 
4 HAQ and DAS28 were not included together – DAS28 was included when looking at HAQ and HAQ was included when looking at DAS28 
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Supplementary Table 3. Baseline TNFi product stratified by database and treatment regimen. 

Baseline treatment ATTRA - Czech Republic Bari - Italy Bath - UK HeBRT - Greece SCQM - Switzerland 
n % n % n % n % n % 

Adalimumab 
Monotherapy 63 9.6 31 10.3 42 21.1 19 6.1 147 17.8 
Combination therapy 245 37.2 65 21.7 60 30.2 41 13.1 177 21.5 
Etanercept 
Monotherapy 48 7.3 62 20.7 40 20.1 20 6.4 132 16.0 
Combination therapy 120 18.2 86 28.7 47 23.6 64 20.4 133 16.1 
Infliximab 
Monotherapy 17 2.6 12 4.0 2 1.0 34 10.8 27 3.3 
Combination therapy 75 11.4 30 10.0 1 0.5 116 36.9 83 10.1 
Golimumab 
Monotherapy 11 1.7 5 1.7 2 1.0 4 1.3 53 6.4 
Combination therapy 60 9.1 8 2.7 5 2.5 15 4.8 65 7.9 
Certolizumab pegol 
Monotherapy 2 0.3 0 - 0 - 0 - 4 0.5 
Combination therapy 17 2.6 1 0.3 0 - 1 0.3 3 0.4 

Combination therapy: TNFi in combination with any csDMARD 



Supplementary Table 4. Reasons for discontinuation of first TNFi for databases included in the comparative effectiveness analyses 

Discontinuation during first year of treatment Discontinuation at any time before end of first TNFi or data censoring 

Database and reason for 
discontinuation 

All 
n (%) 

Monotherapy 
n (%) 

TNFi+MTX 
n (%) 

TNFi+other csDMARD 
n (%) 

All 
n (%) 

Monotherapy 
n (%) 

TNFi+MTX 
n (%) 

TNFi+other csDMARD 
n (%) 

Bath database 

n on treatment 199 86 75 38 199 86 75 38 

Adverse drug reaction 27 (13.6) 11 (12.8) 7 (9.3) 4 (10.5) 35 (17.6) 19 (22.1) 9 (12.0) 7 (18.4) 

Lack of treatment efficacy 15 (7.5) 7 (8.1) 6 (8.0) 2 (5.3) 39 (19.6) 19 (22.1) 14 (18.7) 6 (15.8) 

Loss to follow-up 2 (1.0) 1 (1.2) 1 (1.3) - 6 (3.0) 3 (3.5) 2 (2.7) 1 (2.6) 

Remission - - - - - - - - 

Other / not given 2 (1.0) 2 (2.3) - - 9 (4.5) 4 (4.7) 2 (2.7) 2 (5.3) 

Died - - - - 1 (0.5) 1 (1.2) - - 

Italian database 

n on treatment 300 110 146 44 300 110 146 44 

Adverse drug reaction 18 (6.0) 3 (2.7) 12 (8.2) 3 (6.8) 48 (16.0) 15 (13.6) 26 (17.8) 7 (15.9) 

Lack of treatment efficacy 29 (9.7) 10 (9.1) 16 (11.0) 3 (6.8) 98 (32.7) 38 (34.5) 47 (32.2) 13 (29.5) 

Loss to follow-up 2 (0.7) 2 (1.8) - - 12 (4.0) 4 (3.6) 4 (2.7) 4 (9.1) 

Remission 1 (0.3) - - 1 (2.3) 8 (2.7) 2 (1.8) 4 (2.7) 2 (4.5) 

Other / not given 3 (1.0) 1 (0.9) 2 (1.4) - 7 (2.3) 1 (0.9) 5 (3.4) 1 (2.3) 

Died - - - - 1 (0.3) 1 (0.9) - - 

Swiss database 

n on treatment 824 363 320 141 824 363 320 141 

Adverse drug reaction 55 (6.7) 25 (6.9) 16 (5.0) 14 (9.9) 84 (10.2) 40 (11.0) 27 (8.4) 17 (12.1) 

Lack of treatment efficacy 86 (10.4) 46 (12.7) 21 (6.6) 19 (13.5) 170 (20.6) 84 (23.1) 55 (17.2) 31 (22.0) 

Loss to follow-up - - - - - - - - 

Remission 10 (1.2) 2 (0.6) 2 (0.6) 4 (2.8) 38 (4.6) 12 (3.3) 14 (4.4) 12 (8.5) 

Other / not given 61 (7.4) 35 (9.6) 35 (9.6) 9 (6.4) 121 (14.7) 53 (14.6) 51 (15.9) 17 (12.1) 

Died - - - - - - - 

All databases combined 

n on treatment 1323 559 541 223 1323 559 541 223 

Adverse drug reaction 100 (7.6) 39 (7.0) 35 (6.5) 21 (9.4) 167 (12.6) 74 (13.2) 62 (11.5) 31 (13.9) 

Lack of treatment efficacy 130 (9.8) 63 (11.3) 43 (7.9) 24 (10.8) 307 (23.2) 141 (25.2) 116 (21.4) 50 (22.4) 

Loss to follow-up 4 (0.3) 3(0.5) 1 (0.2) - 18 (1.4) 7 (1.3) 6 (1.1) 5 (2.2) 

Remission 11 (0.8) 2 (0.4) 2 (0.4) 5 (2.2) 46 (3.5) 14 (2.5) 18 (3.3) 14 (6.3) 

Other / not given 66 (5.0) 38 (6.8) 37 (6.8) 9 (4.0) 137 (10.4) 58 (10.4) 58 (10.7) 20 (9.0) 

Died - - - - 2 (0.2) 2 (0.4) - - 
TNFi, tumour necrosis factor inhibitor; MTX, methotrexate; TNFi+other csDMARD, combination treatment with TNFi and a non-MTX csDMARD. Percentages calculated from total in each population rather than from 
total patients stopping treatment. 
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