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Drug effectiveness of 2nd and 3rd TNF inhibitors in psoriatic arthritis – does it 

depend on the reason for withdrawal from the previous treatment?  
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Highlights 

- Effectiveness of a 2nd and 3rd TNFi treatment in PsA patients was lower than what has previously 

been reported for the 1st TNFi treatment. 

- Initiation of a 2nd or 3rd TNFi treatment in clinical practice led to DAS28 remission in a 

substantial number of PsA patients. 

- Similar drug effectiveness was observed in patients who stopped the previous TNFi due to AE 

compared to overall LOE, while better drug effectiveness was found in patients who had stopped 

the previous TNF due to secondary LOE compared to primary LOE. 
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ABSTRACT 

 

Objective. To investigate real-world retention and remission rates in PsA patients initiating a 2nd or 

3rd TNFi and the association with reason for discontinuation from the previous TNFi-treatment.  

Methods. Prospectively collected routine care data from 12 European registries were pooled. 

Retention rates (Kaplan-Meier estimation) and crude/LUNDEX-adjusted rates of Disease Activity 

Score 28 and Disease Activity index for PSoriatic Arthritis (DAS28 and DAPSA28) remission were 

calculated and compared with adjusted cox regression analyses and Chi-squared test, respectively).  

Results. We included 5233 (2nd TNFi) and 1906 (3rd TNFi) patients. Twelve-month retention rates 

for the 2nd and 3rd TNFi were 68% (95%CI: 67-70%) and 66% (64-68%), respectively. Patients who 

stopped the previous TNFi due to AE/LOE had 12-month retention rates of 66%/65% (2nd TNFi), 

and 65%/63% (3rd TNFi), respectively. Patients who stopped the previous TNFi due to LOE after 

less vs more than 24 weeks had 12-month retention rates of 54%/69% (2nd TNFi), and 58%/65% 

(3rd TNFi).  

Six-month crude/LUNDEX-adjusted DAS28 remission rates were 48%/35% and 38%/27%, and 

DAPSA28 remission rates were 19%/14% and 14%/10%, for the 2nd and 3rd TNFi. 

Conclusion. Two-thirds of patients remained on TNFi at 12 months for both the 2nd and 3rd TNFi, 

while one-third and one-quarter of patients were in DAS28 remission after 6 months on the 2nd and 

3rd TNFi. While drug effectiveness was similar in patients who stopped the previous TNFi due to 

AE compared to overall LOE, drug effectiveness was better in patients who had stopped the 

previous TNF due to secondary LOE compared to primary LOE. .  

 

Keywords 

Psoriatic arthritis; TNF-inhibitors; epidemiology; treatment withdrawal 
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INTRODUCTION 

Tumour necrosis factor inhibitors (TNFi) have demonstrated efficacy in the treatment of patients 

with psoriatic arthritis (PsA), but 30-40% of patients withdraw from the first (1st) TNFi in the first 

12 months, mainly due to lack or loss of effect (LOE) or adverse events (AE) [1–3]. Current 

evidence available on the effectiveness of switching to a second (2nd) or third (3rd) TNFi is based on 

smaller studies with varying outcomes evaluated and mixed findings. Only a few of these studies 

investigated the potential impact of reason for discontinuation of the previous TNFi[4–7]. While the 

studies from British and Portuguese registries found similar effectiveness for the 2nd TNFi 

regardless of the reason for switching, a Danish study showed withdrawal from the 1st TNFi due to 

adverse event to be associated with a lower chance of response to the 2nd TNFi [6–8]. To date, no 

studies have investigated whether effectiveness of a 3rd TNFi depend on withdrawal reason from the 

2nd TNFi in PsA patients, nor has the impact of an early vs. late withdrawal due to LOE been 

investigated. In contrast, a study from the Swiss registry demonstrated that patients with axial 

spondyloarthritis (axSpA), who withdrew before 6 months of treatment due to LOE or discontinued 

due to AE on their first TNFi had lower response rates to their 2nd TNF [9,10]. 

A research network of European registries, the European Spondyloarthritis (EuroSpA) Research 

Collaboration, aims to strengthen research on real-world data in patients with spondyloarthritis 

(SpA), including PsA, based on secondary use of data from European clinical registries in 

rheumatology [11,12].  

In this study, we aimed to determine retention and remission rates in PsA patients initiating the 2nd 

and 3rd TNFi treatment in clinical practice across Europe. In addition, we aimed to investigate 

whether the outcomes were associated with the reason for withdrawal from the previous TNFi 

treatment. We hypothesized that treatment effectiveness (retention rates and remission rates) would 

be higher for the 2nd than for the 3rd TNFi and lower in patients who had withdrawn from the 
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previous treatment due to LOE, especially in the first 6 months after start, than in patients who 

withdrew due to AE. 

 

METHODS 

Patients  

Anonymized data from 12 registries in the EuroSpA Research Collaboration were extracted based 

on a pre-specified variable list and uploaded through a secured Virtual Private Network server and 

pooled: SRQ (Sweden), DANBIO (Denmark), SCQM (Switzerland), NOR-DMARD (Norway), 

ATTRA (Czech Republic), Reuma.pt (Portugal), BIOBADASER (Spain), ROB-FIN (Finland), 

biorx.si (Slovenia), ICEBIO (Iceland), TURKBIO (Turkey) and RRBR (Romania). Ahead of 

pooling, the individual data uploads were screened and if inconsistencies were found a query was 

sent to the registry data manager and if relevant a new data set was uploaded. The data were 

collected between 1999 and 2018. This study included secondary use of data on patients with a 

diagnosis of PsA according to the treating rheumatologist, who were diagnosed after the age of 18. 

Included patients had been followed in a registry since initiation of the 1st TNFi and provided data 

from treatment with the 2nd and, if available, also the 3rd TNFi. Analyses were conducted separately 

for patients initiating their 2nd and 3rd TNFi. Further, analyses were performed stratified by reason 

for withdrawal from the previous TNFi (AE vs LOE) and in patients withdrawn from the previous 

TNFi due to LOE, additional stratification in primary and secondary LOE was done. Primary LOE 

(i.e. lack of effect) was defined as withdrawal before 24 weeks of treatment) vs. secondary LOE 

(i.e. loss of effect) defined as withdrawal after 24 or more weeks of treatment). The cut-off at 24 

weeks was a pragmatic choice to distinguish between lack vs loss of effect based on the assumption 

that a treatment will only continue after 24 weeks in case of an initial response. 
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Clinical assessment 

Treatment start date (“baseline”) of 1st, 2nd and 3rd TNFi treatment and, if relevant, corresponding 

stops date were retrieved from each registry. Baseline data was retrieved for each treatment and 

included age at treatment initiation, gender, body mass index (BMI), previous and current treatment 

with conventional synthetic Disease Modifying Anti Rheumatic Drugs (csDMARDs), time since 

diagnosis, smoking status and name of TNFi. Disease activity was assessed by Disease Activity 

Score based on CRP (DAS28), Disease Activity Index or PSoriatic Arthritis (DAPSA) and the 

modified Disease Activity index for PSoriatic Arthritis (DAPSA28) 

(DAPSA28=(28TJCx1.6)+(28SJCx1.6)+patient’s global assessment [0-10 VAS]+patient’s pain 

assessment [0-10 VAS]+CRP [mg/dL]) [13] at baseline, 6, 12 and, 24 month follow-up in patients 

still treated at these timepoints.  

 

Retention rates  

Time on drug was defined as the number of weeks that individual patients continued treatment 

(from start to stop date). For treatments with no stop date, the drug was assumed to have been 

discontinued if a new biologic DMARD (bDMARD) was recorded in the registry and the stop date 

was then defined as the date of next bDMARD start. If no new bDMARD was registered, 

treatments were censored by the date of data extraction, date of death, or end of registry follow-up, 

whichever came first. If the same drug was re-started within 3 months of the recorded treatment 

stop date, with no other bDMARD recorded in-between, the treatment periods were considered as 

one period. Drug withdrawal reason was assessed in prespecified categories (LOE and AE). If both 

LOE and AE were registered as withdrawal reasons, LOE was selected over AE. Patients who 

withdrew due to remission, other reasons or who had no registered withdrawal reason were 

censored at the stop date.  
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Clinical remission  

Clinical remission was assessed by DAS28 remission (DAS28<2.6), DAPSA remission 

(DAPSA≤4) and DAPSA28 remission (DAPSA28≤4).  

 

 

Study endpoints 

The primary endpoints were the overall 12-month TNFi retention rates and 6-month remission rates 

for the 2nd and 3rd TNFi. Secondary endpoints were overall 6- and 24-month retention rates and 12- 

and 24-month DAS28, DAPSA and DAPSA28 remission rates. Additional secondary endpoints were: 

1) retention rates at 12 months and remission rates at 6 months in the individual registries, 2) retention 

rates and remission rates stratified by reason for withdrawal (AE or LOE) from the previous TNFi 

and 3) retention and remission rates in patients withdrawn from previous TNFi due to primary vs. 

secondary LOE. 

 

Ethics 

The study was approved by the respective national Data Protection Agencies and Research Ethical 

Committees according to legal regulatory requirements in the participating countries and was 

performed in accordance with the Declaration of Helsinki.  
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Statistical analysis 

Statistical analyses were performed according to a predefined statistical analysis plan using R 

version 3.4.3. All calculations were based on observed data; no imputation of missing data was 

performed. Descriptive statistics (median, interquartile range (IQR) for categorical variables and/or 

percentage with 95% confidence intervals (95% CI)) were calculated for patient characteristics and 

outcomes.  

Kaplan-Meier estimation was used to investigate TNFi retention rates, including 95% confidence 

intervals (CI). Cox regression analyses with adjustment for age, gender and registry were used to 

compare 12 month retention rates across groups. As sensitivity analyses, cox regression models 

with further adjustment for smoking status and BMI were performed in patients with available data. 

Remission rates (crude and LUNDEX adjusted [14]) for DAS28 remission and DAPSA28 

remission were calculated. Chi-squared tests were used to compare remission rates across groups. 

 

RESULTS 

Patient characteristics 

We included data on 5233 PsA patients initiating a 2nd TNFi treatment, and 1906 PsA patients 

initiating a 3rd TNFi treatment (Table 1). We identified 1190 and 2790 patients who initiated a 2nd 

TNFi, and 383 and 1021 patients initiating a 3rd TNFi because of AE and LOE on the 1st, and the 2nd 

TNFi treatment, respectively. The remaining 1253/502 patients who stopped the 1st /2nd TNFi had 

registered other reasons for withdrawal (i.e., remission, pregnancy wish, etc.) (n=1122/468) or 

missing registration of stop reason (n=131/34) respectively. 

Patients initiating a 2nd and 3rd TNFi had a median (IQR) time since diagnosis of 5 (2-11) and 7 (4-

13) years, respectively, whereas the baseline DAS28 was 4.0 (3.1-4.9) and 4.1 (3.2-5.0), and 
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DAPSA28 was 24.6 (15.3-36.7) and 25.4 (16.3-38.5), respectively. See Table 1 for additional 

baseline characteristics at the start of the 2nd and 3rd TNFi, respectively. The patient characteristics 

at the start of 1st TNFi of the study cohort are presented in Table 1 as reference [7].  

Baseline characteristics from the individual registries are shown in Table S1 (2nd TNFi) and Table 

S2 (3rd TNFi) demonstrating marked differences in both demographic characteristics and disease 

activity measures across registries.  

 

Switching patterns 

In the cohort of patients initiating a 3rd TNFi, 31% had received etanercept as their first treatment, 

while 29% and 31% had received adalimumab and infliximab, respectively. Certolizumab and 

golimumab was the first treatment in 3% and 6 % of patients. In the patients failing a monoclonal 

antibody (adalimumab, infliximab, certolizumab or golimumab), etanercept was chosen as the 2nd 

TNFi in 58%, 47%, 33% and 43% of patients, respectively. In the 608 patients, who had failed two 

monoclonal antibodies, 52 % were switched to etanercept, while the remaining 48 % were switched 

to a third monoclonal antibody. The switching patterns are visualized in Figure S1. 

 

Retention rates  

Overall, the 12-month retention rate was 68% (95% CI: 67-70%) for the 2nd TNFi, and 66% (64-

68%) for the 3rd TNFi. The corresponding retention rates at 6 months were: 79% (78-80%) and 

77% (75-79%) for 2nd and 3rd TNFi treatment, respectively, and at 24 months: 60% (58-61%) and 

55% (52-57%) respectively (Table 2 and Table 3).  
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In patients who had stopped the 1st TNFi due to AE, the 12-month retention rate for the 2nd TNFi 

treatment was 66% (63-68%), which was comparable to the retention rate in patients who stopped 

the first TNFi treatment due to LOE, where it was 65% (63-67%) (HR 1.02 (95% Confidence 

interval 0.90-1.1, p = 0.78). Similarly, no difference in 12 month retention rate for the 3rd TNFi was 

seen between patients who stopped the 2nd TNFi due to AE (65% (60-70%)) or LOE (63% (60-

66%)) (HR 1.1 (0.9-1.4), p = 0.3) (Figure 1). 

Patients who withdrew from the 1st TNFi due to primary LOE had a 12-month lower retention rate 

on the 2nd TNFi (58% (56-61%) compared to patients who withdrew due to secondary LOE (72% 

(71-73%), HR 1.6 (1.4-1.8), p = 0.001. Similarly, a lower 12-month retention rate on the 3rd TNF 

was present in patients who withdrew from the 2nd TNFi due to primary LOE 56% (51-62%) 

compared to patients who withdrew to secondary LOE on the 2nd TNFi (66% (62-70%), HR = 1.2 

(1.1-1.6), p = 0.01. (Figure 2). 

Sensitivity analyses in patients who had available baseline data on smoking status and BMI 

confirmed the findings above (data not shown). 

In the individual registries, the 12-month retention rates for the 2nd TNFi ranged from 48% to 85%, 

and for the 3rd TNFi from 59% to 91% (Table 2 and Table 3)  

 

Remission rates  

The overall crude (LUNDEX-adjusted) DAS28 remission rates at 6 months were 48% (35%) for 

patients receiving the 2nd TNFi, and 38% (27%) for patients receiving the 3rd TNFi. Six-month 

DAPSA remission rates were 18% (13%) for the 2nd TNFi and 10% (7%) for the 3rd TNFi. 

DAPSA28 remission rates were 19% (14%) and 13% (9%), respectively (Table 4). 
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Patients were stratified based on whether they had stopped the previous TNFi due to AE or LOE. 

In patients receiving their 2nd TNFi, the crude (LUNDEX-adjusted) DAS28 remission rates at 6 

months were 48% (33%) and 43% (31%) for those who had stopped the previous TNFi due to AE 

and LOE, respectively (p=0.08 andp=0.41)). Corresponding crude (LUNDEX-adjusted) DAPSA 

remission rates were 17% (12%) and 14% (10%) (p = 0.6 and p = 0.7, respectively), while 

DAPSA28 remission rates at 6 months were 18% (13%) and 14% (10%), (p=0.03 and p=0.15, 

respectively). In patients receiving the 3rd TNFi, crude (LUNDEX-adjusted) DAS28 remission 

rates at 6 months were 39% (27%) and 36% (25%), for those who had stopped the previous TNFi 

due to AE or LOE, respectively (p=0.6 and p=0.6). Corresponding DAPSA remission rates were 

11% (8%) and 10% (7%), (p = 0.9 and p = 0.9)). DAPSA28 remission rates at 6 months were 14% 

(10%) and 11% (8%) (p=0.6 and p=0.5)) (Table 4).  

The 6-month remission rates on a 2nd TNFi were lower among patients who had 

withdrawn from 1st TNFi due to primary LOE compared to those that had withdrawn due to 

secondary LOE. For these patients, the DAS28 remission at 6 months (crude/LUNDEX) was 

42/27% vs 50/38% (p=0.21/0.01), and the DAPSA28 remission 10/6% vs. 15/11% (p=0.09/0.04  

In the individual participating registries, the median 6-month LUNDEX adjusted DAS28 remission 

rates for 2nd TNFi ranged from 21% to 57%, and for 3rd TNFi from 22% to 55% (Table 4). 

 

DISCUSSION 

This study investigated real-world effectiveness of the 2nd and 3rd TNFi in patients with PsA, based 

on data from 12 registries in the EuroSpA research collaboration. One-year retention rates for 2nd 

and 3rd TNFi were similar (68% and 66%), while higher remission rates for the 2nd TNFi were 

observed.  
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Previous studies investigating retention rates in real-world data for PsA patients initiating their 2nd 

TNFi have been performed in single registries. The 12-month drug survival has been reported to be 

74% (a British biologics registry), 81% (Spanish BIOBADASER), 76-80% (Finnish ROB-FIN), 

and 70% (Danish DANBIO), whereas the Norwegian NOR-DMARD registry reported a 36-month 

drug survival of 36% [15–19]. These are in line with the drug retention rates found for the 

individual registries in the present dataset. Data regarding routine care retention rates for the 3rd 

TNFi are limited. A British biologics registry reported 48% 5-year drug-survival for the 3rd TNFi 

treatment [20]. The Portuguese register “Reuma.pt” found lower retention rates for the 3rd as 

compared to the 2nd TNFi [6]. These studies all had relatively few patients (111, 50 and 189 

patients, respectively). The present multinational study, which included high patient numbers 

through pooling of data from multiple registries, found very similar retention rates for the 2nd and 

the 3rd TNFi. Lack of treatment alternatives to TNFi at the time of data collection may, at least in 

part, have contributed to this finding.  

As expected, we found that the remission rates were significantly lower in the patients 

receiving the 3rd compared to the 2nd TNFi treatment. The NOR-DMARD study [7] found poorer 

DAS28 remission rates at 3 months to the 2nd TNFi compared to the 1st (28.2% vs 54.1%), and in 

line with this the Portuguese register also found lower response rates to the 2nd TNFi compared to 

the 1st [6].  

We hypothesized that LOE (primary and secondary LOE combined) to the previous 

TNFi would be related to poorer retention to the subsequent TNFi, i.e., a drug with a similar mode 

of action, as compared to switching due to AE. This could, however, not be confirmed. We 

observed no clinically relevant differences in remission or retention rates between patients who had 

stopped the previous TNFi treatment due to AE or LOE overall, neither in patients receiving the 2nd 

nor the 3rd TNFi. In line with our results, studies from the BSRBR-AS and the Reuma.pt likewise 
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detected no association between the reason for discontinuation of the 1st TNFi and drug retention of 

the 2nd TNFi [6,7]. No previous studies have to our knowledge investigated if the reason for 

discontinuation of the 2nd TNFi is associated with remission or retention rates of the 3rd TNFi. 

However, a study from our group recently demonstrated that discontinuation reason from the 2nd 

TNFi had no impact on effectiveness of the 3rd TNFi in axSpA patients [21]. 

Interestingly, we observed higher retention and remission rates for the subsequent 

TNFi treatment in patients who switched due to LOE after more than 24 weeks on the previous 

TNFi. This finding supports a clinical relevance of primary vs. secondary LOE, as implemented in 

the recent ACR guidelines for PsA [22,23], where it is suggested to consider switching to an 

alternative mode of action if a patient has had a primary failure to TNFi. It should be noted that 

while retention was indeed higher in patients who switched due to secondary LOE (72%), our data 

also demonstrated an acceptable 12-month retention of 58% in patients who stopped the previous 

TNFi due to primary LOE. Thus our data also support the current clinical practice to consider 

switching to a 2nd TNFi in case of failure to the 1st TNFi – regardless of reason for discontinuation.  

Across registries, we found that both retention rates and remission rates differed 

markedly with 12-month retention rates varying from 48% in Norway to 85% in Finland for the 2nd 

TNFi and from 59% in Denmark to 78% in Spain for the 3rd TNFi. Considerable heterogeneity in 

number of patients included, baseline characteristics and disease activity, was observed, and may 

have contributed to the differences in outcomes. Overall, a trend towards higher retention rates in 

countries with fewer socioeconomic resources was present, which could be explained by stricter 

criteria for treatment initiation and a higher threshold for switching from one TNFi to another in 

these countries. However, we also observed differences in retention rates between the Scandinavian 

registries, which suggests an impact of additional factors such as different national treatment 

guidelines [24]. 
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Future studies should investigate whether inter-country differences in outcomes can be 

explained by differences in demographic, clinical, imaging, or biochemical patient characteristics, 

and factors of predictive value for remission and drug retention should be explored. Detailed 

information on national treatment recommendations and guidelines and access to biological drugs 

should be collected to investigate their influence on patient characteristics, retention, and remission 

rates. For instance, it could be speculated that higher accessibility to treatment may lead to more 

rapid treatment switching with less disease activity at treatment start and lower TNFi retention 

rates. 

Strengths of this study include the high number of patients with at least 2 years of 

follow-up, which was made possible through secondary use of data from 12 registries across 

Europe. This enabled us to stratify for the reason for discontinuation of the previous TNFi in 

patients receiving 2nd and 3rd TNFi. Limitations include limited data availability with regards to 

66/68 joint counts, and the lack of available information regarding other PsA domains than joints, 

such as axial involvement, dactylitis, enthesitis and skin involvement, since these data were not 

collected in the participating registries. Due to this we were only able to analyse effectiveness in the 

joint domain of PsA. Thus, the outcome measures applied in the present study may overlook 

residual disease activity in other domains. Selection bias based on data availability cannot be ruled 

out. Subjects that are compliant may visit their rheumatologist more regularly and therefore have 

more complete registry data. This could potentially lead to overestimation of remission rates, but 

this bias would affect 2nd and 3rd TNFi to a similar degree. All data were collected prospectively in 

the individual countries, independently of the current research study. 

In conclusion, this EuroSpA study of pooled data from 12 European registries found 

that 12-month retention rates were 68% for the 2nd TNFi and 65% for the 3rd TNFi. Approximately 



Page 15 of 28

Jo
ur

na
l P

re
-p

ro
of

 
 

15 
 

one third and one quarter of patients who started 2nd or 3rd TNFi, respectively, were in DAS28 

remission at 6-month follow-up.  
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Table 1 

Baseline characteristics of PsA patients at start of 1st, 2nd and 3rd TNFi treatment 

 
1st TNFi  

(n=14691)* 

2nd TNFi  

(n=5233)** 

3rd TNFi  

(n=1906)*** 

Fulfilling CASPAR 

criteria 

 

75% 

 

75 % 73% 

Age, years 49 (40-57) 50 (41-59) 51 (42-59) 

Male  49 % 42 % 38 % 

Concomitant 

csDMARD 
60 % 54 % 52 % 

Prior csDMARD 81 % 81 % 84 % 

Time since diagnosis, 

years 
4 (1-9) 5 (2-11) 7 (4-13) 

Current smoking 16 % 17 % 18 % 

Infliximab 22 % 12 % 17 % 

Etanercept 34 % 38 % 27 % 

Adalimumab 31 % 33 % 28 % 

Certolizumab 4 % 6 % 9 % 

Golimumab 11 % 12 % 19 % 

Calendar year of 

treatment start 

 Prior to 2009 

 2009-2011 

 2012-2014 

 2015-2017 

 

 

26% 

22% 

25% 

28% 

 

 

17 % 

23 % 

31 % 

30 % 

 

 

12 % 

21 % 

35 % 

32 % 

DAS28 4.3 (3.4-5.1) 4 (3.1-4.9) 4.1 (3.2-5.0) 

DAPSA 24.8 (17.3-35.0) 23.5 (15.1-33) 23.6 (15.5-34.4) 

DAPSA28 26.7 (17.6-39.2) 24.6 (15.3-36.7) 25.4 (16.3-38.5) 

CRP, mg/L 7 (3-17) 5 (2-13) 5 (2-14) 
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SJC (0-28) 3 (1-6) 2 (0-4) 2 (0-4) 

TJC (0-28) 5 (2-9) 4 (1-9) 4 (1-10) 

SJC (0-66) 4 (1-7) 2 (0-6) 2 (0-6) 

TJC (0-68) 8 (4-14) 6 (2-12) 6 (2-12) 

Pain score (VAS 0-

100 mm) 
62 (42-75) 63 (40-78) 65 (42-80) 

Fatigue score (VAS 

0-100 mm) 
64 (40-80) 68 (45-81) 70 (48-83) 

Data are as observed, median (IQR) or percentage; PsA: Psoriatic Arthritis; CASPAR: 

ClASsification criteria for Psoriatic Arthritis; csDMARD: conventional synthetic Disease 

Modifying Anti Rheumatic Drug; TNFi: tumor necrosis factor inhibitor; SJC: swollen joint 

count; TJC: tender joint count;  

VAS: visual analogue scale; CRP: C-Reactive Protein; DAS28: Disease Activity Score 28 joint-

count; DAPSA28: Disease Activity index for Psoriatic Arthritis 28 joint-count * number of 

patients with available data varied from: 3228-14691 

**number of patients with available data varied from n: 1025-5233; *** number of patients with 

available data varied from n: 342-1906 
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Table 2  

Retention rates after 6, 12 and 24 months in cohorts of PsA patients initiating a 2nd TNF 

inhibitor 

Cohort No. of 

patients 

6 months (95% CI) 12 months (95% CI) 24 months (95% CI) 

All patients 5233 79 % (78-80%) 68 % (67-70%) 60 % (58-61%) 

AE on 1st TNFi 1190 75% (73-78%) 66% (63-68%) 57% (54-60%) 

LOE on 1st TNFI 2790 78% (76-80%) 65% (63-67%) 56% (54-58%) 

Primary LOE on 

1st TNFi 
653 68% (65-72%) 54% (50-58%) 47% (43-51%) 

Secondary LOE 

on 1st TNFi 
2137 81% (79-83%) 69% (67-71%) 59% (57-61%) 

SRQ 2370 79%(78-81%) 69% (67-71%) 60% (58-63%) 

BIOBADASER 174 83% (77-88%) 72% (65-79%) 64% (56-72%) 

Biorx.si 106 85(%78-92%) 68% (59-77%) 62% (53-72%) 

DANBIO 1060 73% (70-76%) 60% (57-63%) 52% (49-55%) 

ICEBIO 144 82% (76-89%) 72% (64-80%) 64% (56-73%) 

NOR-DMARD 197 62% (56-70%) 48% (42-56%) 38% (31-46%) 

reuma.pt 139 89% (84-95%) 74% (67-82%) 69% (61-78%) 

ROB-FIN 150 89% (84-94%) 85% (79-91%) 81% (75-88%) 

RRBR 16 - - - 

SCQM 514 84% (81-87%) 73% (69-77%) 63% (58-67%) 

TURKBIO 129 87% (81-93%) 79% (72-86%) 66% (58-75%) 

ATTRA 234 86% (81-90%) 76% (70-82%) 68% (62-75%) 

TNFi: tumor necrosis factor inhibitor; AE: adverse event; LOE: lack of effect. Only rates calculated 

with > 50 patients are presented. 
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Table 3  

Retention rates after 6, 12 and 24 months in cohorts of PsA patients initiating a 3rd TNF 

inhibitor 

Cohort No. of 

patients 

6 months (95% CI) 12 months (95% CI) 24 months (95% CI) 

All patients 1906 77 % (75-79%) 66 % (64-68%) 55 % (52-57%) 

AE on 2nd TNFi 383 75% (71-80%) 65% (60-70%) 54% (49-60%) 

LOE on 2nd 

TNFI 
1021 75% (73-78%) 63% (60-66%)  50% (47-54%) 

Primary LOE on 

2nd TNFi 
325 69% (64-74%) 56% (51-62%) 43% (37-49%) 

Secondary LOE 

on 2nd TNFi 
696 78%(75-82%) 66% (62-70%) 54% (50-58%) 

SRQ 906 78% (75-80%) 66% (63-69%) 53% (50-57%) 

BIOBADASER 66 89% (81-97%) - - 

Biorx.si 30 - - - 

DANBIO 407 69% (65-74%) 59% (54-64%) 51% (46-56%) 

ICEBIO 55 - - - 

NOR-DMARD 42 - - - 

reuma.pt 37 - - - 

ROB-FIN 35 - - - 

RRBR 1 - - - 

SCQM 202 79% (73-85%) 67% (61-74%) 55% (48-63%) 

TURKBIO 50 - - - 

ATTRA 75 85% (77-93%) - - 

TNFi: tumor necrosis factor inhibitor; AE: adverse event; LOE: lack of effect. Only rates calculated 

with > 50 patients are presented. 
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Table 4 

Remission rates after 6, 12 and 24 months in cohorts of PsA patients initiating a 2nd or 3rd TNF inhibitor 

 2nd TNF inhibitor 3rd TNF inhibitor 

 DAS28 remission DAPSA28 remission  DAPSA remission  DAS28 remission  DAPSA28 remission  DAPSA remission  

 Rate at 6/12/24 

month 

Rate at 6/12/24 

month  

Rate at 6/12/24 

month 

Rate at 6/12/24 

month 

Rate at 6/12/24 

month 

Rate at 6/12/24 

month 

 Crude* LUNDEX-

adjusted** 

Crude* LUNDEX-

adjusted** 

Crude* LUNDEX-

adjusted** 

Crude* LUNDEX-

adjusted** 

Crude* LUNDEX-

adjusted** 

Crude* LUNDEX-

adjusted** 

All patients 48/51/55 35/29/22 19/20/23 14/12/9 18/20/23 13/11/9 38/40/48 27/22/17 13/15/18 9/8/6 10/15/17 7/8/6 

AE on 1st TNFi 48/53/56 33/30/22 18/18/23 13/10/9 17/19/23 12/10/9 39/44/56 27/24/21 14/13/22 10/7/8 11/8/19 8/4/7 

LOE on 1st 

TNFI 

43/47/51 31/26/20 14/16/21 10/9/8 14/16/19 10/9/7 36/39/49 25/20/18 11/14/14 8/7/5 10/15/17 7/8/6 

Primary LOE 

on 1st TNFi 

39/43/46 25/19/14 10/15/17 7/7/5 9/10/22 6/5/7 37/42/44 24/20/13 13/13/18 9/6/5 17/12/21 11/12/6 

Secondary 

LOE on 1st 

TNFi 

44/48/52 33/28/22 15/17/22 11/10/9 15/17/18 12/10/8 35/37/51 26/21/20 10/14/13 8/8/5 8/16/15 6/9/6 

SRQ 47/46/52 34/26/21 17/17/21 12/9/9 - - 34/34/42 24/18/14 10/11/15 7/6/5 - - 

BIOBADASER - - - - - - - - - - - - 

Biorx.si 49/47/- 42/29/- 19/22/33 16/14/16 - - - - - - - - 

DANBIO 45/53/54 31/28/19 18/22/24 12/11/9 17/26/- 12/14/- 34/36/52 22/18/17 11/16/16 7/6/5 - - 

ICEBIO 29/50/- 21/30/- 10/-/- 8/-/- - - - - - - - - 

NOR-DMARD 52/43/- 32/18/- 22/22/- 13/9/- - - - - - - - - 

reuma.pt 44/59/- 37/39/- 15/13/- 12/8/- - - - - - - - - 

ROB-FIN - - - - - - - - - - - - 

RRBR - - - - - - - - - - - - 

SCQM 54/56/63 43/36/28 24/22/30 19/13/19 24/22/27 19/14/12 - - - - - - 

TURKBIO - - - - - - - - - - - - 

ATTRA 62/65/63 49/38/28 29/31/23 22/18/10 - - - - - - - - 

Data are as observed, median (IQR) or percentage; DAS28: Disease Activity Score 28 joint-count; DAPSA28: Disease Activity index for Psoriatic Arthritis 28 

joint-count; TNFi: tumor necrosis factor inhibitor; AE – adverse event; LOE -lack of effect.  
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Details on numbers of patients with available data at the relevant timepoints are found in Table S3 and S4. Only rates calculated with > 50 patients are 

presented** Crude rate: the fraction responding of those still on drug at 6,12 and 24 months with available assessment, respectively. ***Lundex adjusted rate: 

crude rate adjusted for drug retention. 
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FIGURE LEGENDS 

 

Figure 1 Kaplan-Meier curves (top) showing drug retention rates up to 24 months. Panel A: 2nd TNFi stratified by discontinuation reason 

from the 1st TNFi (LOE or AE). Panel B: 3rd TNFI stratified by discontinuation reason from the 2nd TNFi (LOE or AE). 

The table (bottom) shows the number of patients who were still being treated at the corresponding time points. 
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Figure 2 Kaplan-Meier curves (top) showing drug retention rates up to 24 months. Panel A: 2nd TNFi stratified by discontinuation reason 

from the 1st TNFi (primary LOE or secondary LOE). Panel : 3rd TNFi stratified by discontinuation reason from the 2nd TNFi (primary LOE 

or secondary LOE).  

The table (bottom) shows the number of patients who were still being treated at the corresponding time points. 
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