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Abstract 

Objective. To  evaluate persistence on conventional DMARDs (cDMARDs) and anti-

TNF therapies, and to identify potential determinants of discontinuation among 

individuals with ankylosing spondylitis(AS) living in Brazil and Quebec, Canada.  

Methods. We conducted a cohort study of AS patients  using health administrative data 

(2010-2015). One-year and 2-year persistence rates were assessed. Cox regression was 

used to identify potential determinants of therapy discontinuation.  

Results. One-year persistence was less likely in Brazil for both anti-TNF and cDMARDs 

(Brazil: 62.1% and 30.7%, Quebec: 66.9% and 67.0%). The 2-year persistence rates were 

lower for both anti-TNF and cDMARD, but remained higher in Quebec (Brazil: 47.9% 

and 18.1%, Quebec: 51.5% and 53.5%). In multivariate Cox regression analysis, age, sex 

and comorbidities were associated with persistence in both countries. In Quebec, 

persistence did not differ between rural and urban regions or with socioeconomic status. 

While in Brazil, patients in regions with higher Human Development Index and those in 

cities with lower Gini index were less likely to discontinue therapy. 

Conclusions. Canadian AS patients were more likely to persist on therapy compared to 

Brazilian patients, although rates were lower at 2 years in both countries. Socioeconomic 

disparity in persistence was found in Brazil, but not in Quebec.  

Keywords. ankylosing spondylitis; anti-TNF agents; conventional DMARDs; 

medication persistence, cohort  

Short Title: Persistence of anti-tumor necrosis factor therapy in ankylosing 

spondylitis patients 



This is a peer-reviewed, accepted author manuscript of the following research article: Acurcio, 
F. D. A., Guerra Júnior, A. A., da Silva, M. R. R., Gonçalves Pereira, R., Godman, B., Bennie, M., 
... Rahme, E. (Accepted/In press). Comparative persistence of anti-tumor necrosis factor 
therapy in ankylosing spondylitis patients: a multicenter international study. Current Medical 
Research and Opinion.  
 

4 
 

  



This is a peer-reviewed, accepted author manuscript of the following research article: Acurcio, 
F. D. A., Guerra Júnior, A. A., da Silva, M. R. R., Gonçalves Pereira, R., Godman, B., Bennie, M., 
... Rahme, E. (Accepted/In press). Comparative persistence of anti-tumor necrosis factor 
therapy in ankylosing spondylitis patients: a multicenter international study. Current Medical 
Research and Opinion.  
 

5 
 

Introduction 

Ankylosing spondylitis (AS) is a chronic inflammatory disease that damages the spine by 

causing structural changes, including bone growth and fusion. Stiffness and functional 

limitation of the axial skeleton increase the risk of disability and reduce the quality of life 

of patients with AS [1-4]. AS patients may also develop arthritis in their peripheral joints 

[2,5]. AS prevalence ranges from 0.02% in Sub‐Saharan Africa to 0.90% in Canada [5,6]. 

AS prevalence has not been determined in the Brazilian population to date; however, in 

Latin America AS prevalence rates range from 0.19% to 0.30% [7]. AS most commonly 

manifests in males in the second to third decade of life [3,8], and is associated with 

substantial economic burden to healthcare systems. Patients with AS added an extra 

€2475/patient to healthcare costs in Germany in 2013 compared with the general 

population, with key cost drivers being hospitalization and medicines, in particular anti-

tumor necrosis factor (anti-TNF) agents [9,10]. Anti-TNF costs were also high among 

Brazilian patients with AS, with a median per patient monthly cost of US$1650 versus 

(vs.) US$25 for patients using conventional (non-biologic) disease-modifying 

antirheumatic drugs (cDMARDs) [11]. Indirect AS-related costs have also been 

substantial worldwide [12]. 

Anti-TNF agents use has greatly improved the AS treatment [8,13], with anti-TNFs are 

now routinely recommended by clinical practice guidelines for AS patients with 

persistently high disease activity following first line therapy with nonsteroidal anti-

inflammatory drugs (NSAIDs) [14]. cDMARDs may also be considered in AS patients 

with peripheral arthritis [14]. Appreciably improved health gain coupled with a similar 

safety profile in terms of infection and cancer risks have been demonstrated in AS patients 
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prescribed an anti-TNF agent compared with control (placebo) treatments [10,15]. These 

findings are similar to those reported in patients with rheumatoid arthritis and psoriasis, 

and are encouraging, given initial safety concerns with these biological medicines [16]. 

For optimal benefit, patient adherence to and persistence on prescribed treatment 

regimens are required. Persistence on treatment is considered an indication of its 

effectiveness, safety, and tolerability. Poor patient adherence and persistence to a 

treatment regimen may result in treatment failure and disease progression [17,18]. 

Suboptimal anti-TNF adherence and persistence have been frequently reported in real 

world settings [18,19], which is a concern. 

Consequently, we performed a comparative analysis to evaluate persistence on  

cDMARDs and anti-TNF therapies, and to identify potential determinants of 

discontinuation among individuals with AS living in Brazil and Quebec, Canada, between 

2010 and 2015. These countries were chosen as they both provide public coverage for 

cDMARDs and anti-TNF agents in AS, although with different reimbursement policies. 

This avoids issues of affordability which could affect anti-TNF utilization as observed in 

central and eastern European countries [20]. 

Patients and methods  

Two cohorts of AS patients aged ≥ 20 years were constructed, one in Brazil and the other 

in Quebec, Canada using similar selection criteria to the extent permitted by the available 

data. 

Patient Selection 

Brazilian data 
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A national population-based cohort of AS patients was constructed using the High-

Complexity Procedure Authorization database from January 2010 to December 2015 (the 

study period). Mortality and hospitalization records were obtained for these patients from 

the Mortality Information System and the Hospital Information System, respectively [21]. 

Within the Brazilian health care system, Sistema Único de Saúde, SUS, the anti-TNFs 

infliximab, etanercept, adalimumab and the cDMARDs, sulfasalazine and methotrexate, 

are provided free of charge to AS patients who meet the criteria of the nationally agreed 

protocols. Otherwise, there is 100% co-payment.  

AS patients were identified from SUS data according to the international classification of 

disease (ICD)-10th revision codes M45.x, reported as the indication for prescribing the 

drugs of interest. To be considered as an AS case, patients were required to have at least 

2 records of medicines dispensed for any of the specified anti-TNFs and cDMARDs 

associated with a diagnosis of AS in the study period.  

Quebec data 

Physician and prescription drug claims, hospital and demographic records from January 

1997 to December 2015 obtained from the provincial health services administrative 

databases administered by the Régie de l’assurance maladie du Québec (RAMQ) were 

used. The databases are linkable by a unique patient identifier.  

Individuals who had a diagnosis of AS between January 1998 and December 2015 were 

identified at the first diagnosis date. AS diagnosis was defined by 2 outpatient ICD-9 

codes for AS (720.0) at least 30 days apart and within 2 years of each other or one hospital 

diagnosis (ICD-9 code 720.0 before April 2006 and ICD-10 codes M45.x on or after April 

2006). AS patients who received at least one dispensed prescription for either a cDMARD 
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(hydroxychloroquine, methotrexate, sulfasalazine, leflunomide) or anti-TNF (infliximab, 

etanercept, adalimumab, certolizumab and golimumab) in the study period (2010-2015) 

and had a full year of prior drug coverage were eligible.  

Cohorts definitions 

New anti-TNF and conventional DMARD users  

AS Patients from either Quebec or Brazil who had one or two anti-TNF prescriptions, 

respectively (with or without  cDMARDs concurrently), were identified at the dispensing 

date of the first anti-TNF prescription (cohort entry date), [anti-TNF (+/- cDMARD) 

group, hereon called anti-TNF group]. In Quebec, the remaining patients formed the 

cDMARD group (hereon called cDMARD group). Selection criteria for the cDMARD 

group differed slightly in the Brazilian cohort. Because cDMARD use is much lower than 

anti-TNF use in the Brazilian database, the cDMARD group in the Brazilian cohort 

included those who used cDMARDs, but no Anti-TNFs during 1 full year or 2 full years 

of follow-up (for the 2-year analysis). Patients in the cDMARD group in both the 

Brazilian and Quebec cohorts were selected at the dispensing date of the first cDMARD 

prescription (cohort entry date). We adopted a new user design, where patients who used 

anti-TNF during the year prior to the cohort entry date were excluded from both the anti-

TNF and cDMARD groups and patients who used cDMARDs during that year were 

excluded from the cDMARD group.  

Follow-up 

Study patients were followed from the cohort entry date until the earliest date of the first 

hospitalization lasting more than 60 days, death, or the end of the study period (December 
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31, 2015). In addition, for the Quebec cohort, follow-up ended at the end of the continuous 

coverage by the drug plan, when relevant, defined as a gap of > 60 days in drug coverage 
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Exposure and outcome definition  

Patients were considered exposed to their group drug (anti-TNF or cDMARD only) for 

the number of days supplied for the medicine plus a grace period of 60 days (drug-free 

interval).  

Discontinuation of cDMARD therapy was defined as a gap of more than 60 days with no 

cDMARD supply. In case of failure of initial cDMARD monotherapy, patients can switch 

to another cDMARD or use a combination of 2 or more cDMARDs. cDMARDs were 

analyzed as a single class and starting another cDMARD while having a supply for the 

first cDMARD was not considered a therapy discontinuation. While, for the anti-TNF 

group, starting another anti-TNF while having a supply for a first anti-TNF was 

considered a therapy discontinuation since concomitant use of two anti-TNF agents is 

unlikely.  

We described medication persistence at 1 and 2 years after cohort entry.  

Patient baseline characteristics  

The patient characteristics assessed at the cohort entry date included age, sex, region of 

residence, comorbidity scores and the number of in-hospital days due to any cause during 

the previous 2 years (general patient frailty) [22].  

Comorbidity scores were calculated based on the Charlson Comorbidity Index (CCI) [23], 

using medical services data from 3 years prior to the cohort entry. 

In addition, corticosteroid, NSAID and opioid use in the prior year were assessed in the 

Quebec cohort; these data were not available in the Brazilian database. 
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Socioeconomic status (SES) was also examined in both cohorts. In the Brazilian cohort, 

SES was assessed using the Gini index of per capita income by municipality of residence 

[24]. The Gini index ranges from 0 (no inequality) to 1 (maximum inequality). In the 

Quebec cohort, an SES index was available from RAMQ with subindices of social and 

material deprivation. This index was developed by the Institut national de santé publique 

on the basis of census data on neighborhood education level, employment/population 

ratio, and average income [25].  

Statistical analyses 

Descriptive statistics were used to report patient baseline characteristics in the two 

cohorts. The proportion of patients with a 1-year medication persistence was calculated 

by dividing the number of patients who did not discontinue the medication in the first 

year by the number of patients who had a full year of follow-up or more. The 2-year 

medication persistence was calculated similarly.  

Mean and proportion differences with 95% confidence intervals (CI) were used to 

compare unadjusted outcomes between treatment groups within each cohort, respectively. 

Kaplan-Meier survival curves were plotted, and log-rank tests were performed to compare 

medication persistence between study groups. Multivariable Cox proportional hazards 

models were used to identify potential determinants of therapy discontinuation at 1 and 2 

years, in the anti-TNF and cDMARD groups, respectively. Adjusted hazard ratios (HR) 

and 95% CIs were calculated. Potential determinants considered in the Cox models 

included age, sex, region of residence, SES, comorbidity score, general frailty, and 

calendar period of cohort entry (≤ 2012 or > 2012).  
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In sensitivity analyses, we allowed a drug-free interval of up to 180 days to define 

treatment discontinuation. This increase in gap better captures the true discontinuations 

vs. temporary lack of adherence [26].  

All statistical analyses conducted in Brazil were performed using Stata software, version 

15.1. Analyses conducted in Quebec were performed using SAS version 9.4 for UNIX 

(SAS Institute Inc., Cary, NC).  

This study was approved by the Research Ethics Committee of the Federal University of 

Minas Gerais(process ETIC 0069.0.203.000-11) and by the McGill University Health 

Centre Ethics Review Board. Permission to link the data in Quebec was obtained from 

the Provincial Ethics Board, the Commission d’accès à l’information.  

Results 

Among the Brazilian patients who completed 1 year of follow-up, 15,481 were in the anti-

TNF group (adalimumab 8,120, 52.4%; etanercept 4,901, 31.7%; and infliximab 2,460, 

15.9%) and 3,838 in the cDMARD group. In the Quebec cohort, 983 were in the anti-

TNF group (etanercept 398, 40.5%; adalimumab 304, 30.9%; golimumab 158, 16.1%; 

infliximab 85, 8.6%; and certolizumab 38; 3.9%) and 2,660 in the cDMARD group. Most 

patients from both the anti-TNF and cDMARD groups (Brazil: 53.2% and 66.8%; and 

Quebec: 65.0% and 61.0%) were enrolled in the cohort during the 2010- 2012 period 

(Table 1). 

[Table 1 near here] 

Brazilian patients were younger and more frequently males compared to Canadian 

patients. In the anti-TNF vs. cDMARD groups, the median (Q1–Q3) age were 41 (32–
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50) vs. 43 (33–51) years and 64.3% vs. 60.1% were men. In Quebec, the median (Q1–

Q3) ages were higher [64 (54–72) vs. 71 (62–78) years] and a lower proportion (30.3% 

vs.31.7%) of men was observed. 

With regard to socioeconomic status, for the anti-TNF and cDMARD groups, 

respectively the majority of Brazilian patients were from the two more developed regions 

of the country: Southeast (49.3% vs. 41.9) and Southern (21.8% vs. 36.0%). The median 

(Q1–Q3) municipal Gini index of patients were 0.53 (0.48–0.61) vs. 0.52 (0.47–0.61). In 

Quebec, 34.8% vs. 30.1% of patients were in the upper two social quintiles. 

CCI was lower among Brazilians (mean ± SD: 0.30 ± 0.77 vs. 0.28 ± 0.74) compared to 

those from Quebec (2.00 ± 1.79 vs. 2.34 ± 2.29). The Frailty index (mean in-hospital days 

in prior 2 years) was also lower among Brazilians (1.13 ± 7.68 vs. 1.57±7.17) compared 

to Quebeckers (3.96 ± 13.56 vs. 4.82 ± 18.44) (Table 1) in the respective treatment 

groups. 

One-year persistence was less likely among Brazilian patients in both anti-TNF and 

cDMARDs groups (62.1 vs. 30.7 in Brazil and 66.9% vs 67.0 in Quebec). The mean ± 

SD medication persistence in anti-TNF and cDMARDs groups were 293 ± 106 days vs. 

213 ± 124 days in Brazil and 290 ± 104 days vs. 287 ± 108 days in Quebec (Tables 2-3).  

[Tables 2 and 3 near here] 

Among the Brazilian patients who completed 2 years of follow-up, 12,465 were in the 

anti-TNF group (6,430, 51.6% adalimumab; 3,969, 31.8% etanercept; and 2,066, 16.6% 

infliximab) and 3,344 in the cDMARD group. While in Quebec, 812 were in the anti-

TNF group (332, 40.9% etanercept; 263, 32.4% adalimumab; 118, 14.5% golimumab; 
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74, 9.1% infliximab; and 25, 3.1% certolizumab) and 2,121 in the cDMARD group. In 

both countries, baseline characteristics of patients who completed the 2-year follow-up 

were similar to those of patients who completed the 1-year follow-up (Tables 2-3). 

Persistence rates declined at the end of the second year of follow-up in both anti-TNF and 

cDMARD groups, but were still higher among the patients in Quebec (47.9% vs. 18.1% 

in Brazil and 51.5% vs. 53.5% in Quebec). The mean ± SD medication persistence was 

487 ± 257 vs. 294 ± 242 days for the anti-TNF vs. cDMARD groups, in Brazil and 454 ± 

253 vs. 460 ± 259 days in Quebec (Tables 2-3).  Persistence rates of individual anti-TNF 

drug rates are included in Tables 2-3. Since in our study we did not consider switching 

between cDMARDs as a treatment discontinuation, persistence was not assessed for the 

individual cDMARDs.  

The Southern region of Brazil showed the highest proportion of persistent patients. The 

lowest proportions were observed in those who lived in the Northern and Northeast 

regions of Brazil.  Medication persistence did not seem to differ between urban and rural 

areas, SES or year of cohort entry in Quebec. 

The drug survival curves for the 2-years follow-up are shown in Figures 1 and 2. Overall, 

50% of Brazilian patients discontinued therapy after 1.66 years in the anti-TNF group vs. 

0.58 years in the cDMARD group (P < 0.001). Similar discontinuation rates in the anti-

TNF and cDMARD groups were observed in Quebec at 2-year follow-up (p = 0.78).  

[Figures 1 and 2 near here] 

Multivariate Cox regression analyses for both the 1-year and 2-years follow-up among 

anti-TNF Brazilian users showed higher discontinuation rates in female patients, those 
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with higher municipal Gini index, residents of regions other than the Southern region, 

those with higher comorbidity score, and those who entered the cohort on or after January 

1, 2013 (significant only in the 1-year follow-up analysis). While among Brazilian 

cDMARD users, younger patients and those with higher municipal Gini index, residents 

of the Northeast region, and patients enrolled on or after January 1, 2013 (significant only 

in the 1-year follow-up analysis) were more likely to discontinue therapy (Table 4). 

Multivariate Cox regression analyses among anti-TNF Quebec users showed lower 

discontinuation rates in older patients, while higher discontinuation rates  among women 

and among corticosteroids and opioids users in the previous year. Among Quebec 

cDMARD users, older patients and those who used NSAIDs in the previous year were 

less likely to discontinue therapy at 1-year and at 2-year follow-up. Those who entered 

the cohort on or after January 1, 2013 were less likely to discontinue therapy at 1-year. In 

addition, patients with higher CCI were more likely to discontinue anti-TNF therapy in 

the 2-year follow-up (Table 4).  

 [Table 4 near here] 

As expected, results of the sensitivity analyses allowing an interval gap of up to 180 days 

showed an increase in the overall proportion of persistent patients. Nevertheless, in both 

countries, the analyses performed did not substantially change the findings of the initial 

comparison between anti-TNF and cDMARD groups (Tables 5-6, supplement). 

  

Discussion 
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Our study assessed anti-TNFs and cDMARD therapy use in patients with AS in real world 

settings in Brazil and Quebec, Canada. We found that Canadians with AS  were more 

likely than their Brazilian counterparts to persist on anti-TNF or cDMARDs therapy at 1 

and 2-year  follow-up , although rates were lower at 2 vs. 1 year in both countries. While 

similar persistence on anti-TNF and cDMARDs was observed in Quebec, higher 

persistence on anti-TNF was observed in Brazil. Golimumab and certolizumab 

persistence was only evaluated among Canadian patients. In Quebec, persistence at 1 and 

2 years were better with golimumab and certolizumab compared to etanercept, 

adalimumab and infliximab, while in Brazil persistence was worst with infliximab vs. 

etanercept and adalimumab (golimumab and certolizumab were not covered by SUS in 

Brazil). In both Brazil and Quebec, women and those with higher comorbidity scores 

were more likely to discontinue anti-TNF treatment, while older anti-TNF and cDMARD 

users in Quebec and only cDMARD users in Brazil were less likely to discontinue their 

treatment. Persistence did not differ between geographical regions or socioeconomic 

status in Quebec, while in Brazil it increased with higher Human Development Index 

(HDI) [24] and lower Gini index suggesting the presence of socioeconomic disparity in 

access to health care and treatment in that country. Persistence at 1 year was worst among 

Brazilian patients who initiated anti-TNF or cDMARD treatment on or after January 1, 

2013, while it was better among Quebeckers who initiated cDMARD in that period. 

Real-world studies assessing biologic therapy use in patients with AS are scarce in spite 

of the impact on AS morbidity and healthcare costs, including anti-TNFs costs 

[9,10,18,27]. High persistence  was also  reported among anti-TNF vs. cDMARDs users 

with AS in a multicountry study [28]. Another Brazilian study also found higher 
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persistence on anti-TNF vs. cDMARDs among individuals with AS [29].  Similar to our 

Canadian study, higher persistence on anti-TNF therapy were reported  in a Slovenian 

(75%) [30] and a German study (72%) [31] at 1 year and in the Slovenian study   at 2 

years (65%)[30]. ,  . Of note, another German study,  showed a lower persistence  (48%) 

at 1 year [19], as observed in our  Brazilian study. Lower persistence rates on anti-TNF 

therapy among  patients with AS were also observed in North American studies (40.6% 

at 1-year and 22.8% to 32.6 at 2-years) [2,32].  

As found in our Canadian study, better persistence on golimumab was observed in  other 

Canadian [18] and European studies [30,33], a result that may perhaps be partly explained 

by the simpler, less frequent dosing regimen of golimumab. Better certolizumab 

persistence was also observed in the European study [33], and similar persistence  on 

etanercept and adalimumab were  observed in other Canadian and European studies 

[18,33-35]. The worst persistence among Brazilian users of infliximab  may perhaps be 

explained by its higher  risk of adverse events [36] and the convenience of subcutaneous 

administered drugs. However contrary to our study, Flouri et al. observed  higher 

retention rate with infliximab relative to adalimumab and etanercept at 6 months among 

Greek patients with spondyloarthritis; adalimumab was the anti-TNF best retained after 

the first 6 months [13].  

Differences in study design, eligibility criteria, sample size, discontinuation definition, 

calendar period, reimbursement and patient co-payment policies  between published 

studies may explain the difference in their reported studies. Many patients restart index 

therapy after a short treatment gap [37]. According to our sensitivity analysis, about one-

fifth of all Quebec patients and 13% of Brazilian patients restarted therapy after 
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discontinuation in the 1-year follow-up. A similar proportion of patients in Quebec, but 

only a handful of patients in Brazil, restarted therapy after discontinuation in the second 

year of follow-up. The literature points to a lack of efficacy and adverse events as the 

main reasons of therapy discontinuation [13,18,38].  Many patients experiencing adverse 

events do not renew their prescription  when symptoms subside [37]. Other reasons for 

discontinuation include intentional non-compliance, supply shortage, cost/affordability 

of treatment, patient misunderstanding of the treatment, and lack of social support [39]. 

Although, supply shortage may have occurred in Brazil in some areas, it was not an t issue 

in Quebec. Anti-TNF and cDMARDs agents are covered by the public health system in 

both Quebec and Brazil, so persistence was unlikely affected by the cost of therapy in our 

study.  

As in our study, several published  studies have shown that persistence to anti-TNF agents 

was  significantly worse in  female compared to male patients with AS [13,28,31,39,40]. 

Suboptimal persistence may be due to lower clinical effectiveness in female patients [39]. 

Indeed,,   female patients with AS had  lower clinical response than male patients[27] and 

were less likely to  achieve  partial remission response after 1 year of anti-TNF therapy 

[41].  

 Our study found better persistence with older age with both anti-TNF and cDMARD in 

Quebec and with only cDMARDs in Brazil. However, persistence have been reported to 

deteriorate in the very old because of polypharmacy, lack of social support and  impaired  

physical and intellectual functions  [42]; these issues could not be assessed in our study.  
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The  socioeconomic disparity and the inequality in health care delivery  observed in Brazil 

in our study  was also reported in other  Brazilian studies  [43-45], and deserves further 

investigations. A French study  also observed that non-persistent patients with AS were 

more likely to have lower socio-economic status [40].  

Higher discontinuation rates during the first year of treatment in more recent years, and 

increasing discontinuation across calendar periods, have also been observed in a number 

of studies in patients with rheumatoid arthritis (RA) [22,46]. On the other hand, similar 

to our Canadian study, a cohort study of RA patients found that cDMARD users who 

entered the cohort more  recently  were less likely to discontinue medication [45]; reasons 

for the better persistence on cDMARDs in more recent years in Quebec are unknown. 

However, we should note that this result was marginally significant (95% CI; 0.74, 1.00 

and p-value 0.048) and need to be confirmed in future studies.  

 Comorbidities have been related with discontinuation of therapy in studies of AS [39,40]  

and other rheumatic diseases [47,48]. Multiple comorbidities add to the burden of AS and 

the complexity of its management [49]. 

Our results must be considered in light of certain strengths. Our study is population-based. 

It used administrative data and reports real-world drug persistence. Pharmacy and medical 

record are considered one of the most objective and accurate methods for the assessment 

of adherence/persistence. Their use has become widespread in recent years, thanks to the 

increased availability of administrative health records which are valuable research tools 

[50]. Two large cohorts of AS patients were constructed using similar selection criteria 

which allowed comparison of anti-TNF and cDMARDs utilization patterns between the 

two countries. However, we acknowledge that our study has a number of limitations. 
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Firstly, the administrative data used have limited clinical information. As a result, 

information about disease activity/severity and clinical measures was typically not 

available; consequently, the reasons for treatment discontinuation could not be 

established. Secondly, residual confounding bias may also be an issue in spite of 

adjustment for factors known to be associated with discontinuation of therapy. Thirdly, it 

was not a goal of this study to evaluate persistence among anti-TNF switchers. Future 

studies should address this knowledge gap. Despite these limitations, we believe that our 

study appropriately assessed the utilization patterns of the two treatment regimens in AS 

patients assisted through the universal health systems in both Brazil and Quebec during 

the study period.  

Conclusions 

This is a population-based study that used health administrative data from Brazil and 

Quebec, Canada. It reports on real-world drug persistence. It is large in size and data 

coverage. These countries were chosen to provide contrasting settings although both 

provide comprehensive healthcare through different means. Canadian AS patients from 

Quebec showed better rates of medication persistence than Brazilian patients, in both 1-

year and 2-years of follow-up. Age, sex and comorbidities had a significant influence on 

medication persistence in both countries. While medication persistence in Quebec did not 

seem to differ between geographical regions or socioeconomic status, in Brazil we found 

some differences associated with these characteristics, which may be related to iniquities 

in the access to health care. These findings contribute to a better understanding of the the 

real-world treatment patterns of AS patients in both countries. This is important because 
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non-persistence can affect the success of therapeutic treatment, disease remission and 

disease severity as well as decrease the quality of life of patients.  
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Table 1 Baseline characteristics of patients with ankylosing spondylitis who had at least 

one full year of follow-up  

Variables 

Brazil Quebec, Canada 

cDMARD-only Anti-TNF  
(+/- cDMARD) 

cDMARD-only Anti-TNF 
(+/- cDMARD) 

N= 3,838 N= 15,481 N= 2,660 N= 983 

Age (years)     

   Median (Q1-Q3) 43 (33-51) 41 (32-50) 71 (62-78) 64 (54-72) 

   20-25 295 (7.7) 1,252 (8.1) 19 (0.7) 8 (0.8) 

   26-35 908 (23.7) 4,011 (25.9) 51 (1.9) 41(4.2) 

   36-45  1,087 (28.3) 4,492 (29.0) 92 (3.5) 75 (7.6) 

   46-55 950 (24.8) 3,575 (23.1) 264 (9.9) 169 (17.2) 

   56-65 448 (11.7) 1,646 (10.6) 453 (17.0) 256 (26.0) 

   66 + 150 (3.9) 505 (3.3) 1,781 (67.0) 434 (44.2) 

     
Sex (male, n (%)) 2,305 (60.1) 9,955 (64.3) 844 (31.7) 298 (30.3) 

     
Region of residence, n (%)     

   Northern 91 (2.4) 455 (2.9) - - 

   Northeast 550 (14.3) 2,419 (15.6) - - 

   Central-West 208 (5.4) 1,608 (10.4) - - 

   Southern  1,381 (36.0) 3,373 (21.8) - - 

   Southeast 1,608 (41.9) 7,626 (49.3) - - 

   Rural - - 442 (16.6) 235 (23.9) 
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   Urban - - 2,218 (83.4) 748 (76.1) 

     
Municipal Gini index*     

   Median (Q1-Q3) 
0.52 (0.47 - 

0.61) 

0.53 (0.48 – 

0.61) 

  

     
Socioeconomic status 

quintiles n (%)§ 

 

 

  

1 - - 370 (13.9) 160 (16.3) 

2 - - 431 (16.2) 182 (18.5) 

3 - - 522 (19.6) 165 (16.8) 

4 - - 544 (20.5) 188 (19.1) 

5 - - 566 (21.3) 217 (22.1) 

     
Calendar period of cohort 

entry, n (%) 

 

 

  

    2010 – 2012 2,565 (66.8) 8,238 (53.2) 1,622 (61.0) 639 (65.0) 

    ≥ 2013 1,273 (33.2) 7,243 (46.8) 1,038 (39.0) 344 (35.0) 

     
Patients with 

comorbidities, n (%) 

 

793 (20.6) 3,661 (23.6) 

 

2,496 (93.8) 922 (93.8) 

Charlson comorbidity 

score, mean (SD) 

 

0.28 (0.74) 0.30 (0.77) 

 

2.34 (2.29) 2.00 (1.79) 
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Patients with previous 

hospitalization‡, n (%) 

 

584 (15.2) 1,627 (10.3) 

 

872 (32.8) 341 (34.7) 

     General patient 

frailty‡, mean (SD) 

 

1.57 (7.17) 1.13 (7.68) 

 

4.82 (18.44) 3.96 (13.56) 

     
NSAID use in prior year - - 1,807 (67.9) 627 (63.8) 

Corticosteroid use in prior 

year 

 

- - 

 

1,843 (69.3) 681 (69.3) 

Opioid use in prior year - - 786 (29.5) 349 (35.5) 

* Municipal Gini Index according to the municipal mesh existent in 2010, Brazil. 

§ 227 patients in the cDMARD group and 71 in the Anti-TNF (+/- cDMARD) group had 

‘undetermined’ socioeconomic quintile. 

‡ In-hospital days, assessed during the two years preceding baseline. 

Q1-Q3: lower quartile-upper quartile.  

cDMARD: conventional disease-modifying anti-rheumatic drugs; TNF: tumor necrosis 

factor 

NSAID: Nonsteroidal anti-inflammatory drug 
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Table 2. Medication persistence and proportion of persistent patients by selected characteristics in the Brazilian ankylosing spondylitis 

cohort, 2010–2015* 

 Follow-up First year of follow-up † First two years of follow-up ‡ 

 

cDMARD-only 

N=3,838 

Anti-TNF 
 (+/- cDMARD) 

N=15,481 

cDMARD-only 

N= 3,344 

Anti-TNF  
(+/- cDMARD) 

N= 12,465 

Medication persistence (mean ± SD, days) § 

 

213±124 293±106 294±242 487±257 

       Persistent patients, n (%)     

           all patients 1178 (30.7) 9618 (62.1) 605 (18.1) 5968 (47.9) 

           by anti-TNF dispensed     

                 adalimumab (+/- cDMARD) - 5158 (63.5) - 3192 (49.6) 

                 etanercept (+/-c DMARD) - 3177 (64.8) - 2054 (51.8) 

                 infliximab (+/- cDMARD) - 1283 (52.2) - 722 (35.0) 

           by region of residence     

             Northern 23 (25.3) 215 (47.2) 11 (12.5) 109 (31.8) 
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             Northeast 93 (16.9) 1122 (46.4) 43 (8.9) 557 (27.9) 

             Central-West 48 (23.1) 1020 (63.4) 32 (16.8) 647 (49.3) 

             Southern 515 (37.3) 2397 (71.1) 271 (22.5) 1597 (57.4) 

             Southeast 499 (31.0) 4864 (63.8) 248 (18.0) 3058 (50.7) 

           by Municipal Gini index     

                 < 0.53 709 (34.7) 4859 (67.0) 379 (21.6) 3132 (54.2) 

                ≥ 0.53 469 (26.2) 4758 (57.8) 226 (14.2) 2835 (42.4) 

           by calendar period     

                 2010 – 2012 843 (32.9) 5337 (64.8) 493 (19.2) 4017 (48.8) 

                 ≥ 2013# 335 (26.3) 4281 (59.1) 112 (14.4) 1951 (46.2) 

* Values are the number (%) unless indicated otherwise, and the proportions were calculated using the number of individuals in each 

category as the denominator. cDMARD = conventional disease-modifying antirheumatic drug; TNF = tumor necrosis factor. † Patients 

with < 1 year of follow-up were excluded from this analysis. ‡ Patients with < 2 years of follow-up were excluded from this analysis. § 

Drug-free interval of up to 60 days. #2013-2014 for the 1-year follow-up and 2013 for the 2-year follow-up  
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Table 3. Medication persistence and proportion of persistent patients by selected characteristics in the Quebec ankylosing spondylitis 

cohort, 2010–2015* 

 Follow-up First year of follow-up † First two years of follow-up ‡ 

 

cDMARD-only 

N=2,660 

Anti-TNF  
(+/- cDMARD) 

N=983 

cDMARD-only 

N= 2,121 

Anti-TNF 
 (+/- cDMARD) 

N= 812 

Medication persistence (mean ± SD, days) § 

 

287 ±108 290 ± 104 460 ± 259 454 ± 253 

       Persistent patients, n (%)     

           all patients 1,782 (67.0) 658 (66.9) 1,135 (53.5) 418 (51.5) 

           by anti-TNF dispensed     

                 Adalimumab (+/- cDMARD) - 198 (65.1) - 130 (49.4) 

                 Etanercept (+/- cDMARD) - 257 (64.6) - 165 (49.7) 

                 Infliximab (+/- cDMARD) - 56 (65.9) - 36 (48.6) 

 Golimumab (+/- cDMARD)  121 (76.6)  72 (61.0) 
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 Certolizumab (+/- cDMARD)  26 (68.4)  15 (60.0) 

           by region of residence     

             Rural 304 (68.8) 158 (67.2) 187 (54.4) 99 (51.0) 

             Urban 1,478 (66.6) 500 (66.8) 948 (53.3) 319 (51.6) 

           by socioeconomic status     

               1 256 (69.2) 103 (64.4) 175 (60.6) 72 (50.0) 

                 2 305 (70.8) 117 (64.3) 186 (54.9) 66 (43.7) 

 3 361 (69.2) 113 (68.5) 235 (57.3) 72 (56.3) 

 4 359 (66.0) 135 (71.8) 236 (54.1) 86 (55.1) 

 5 362 (64.0) 144 (66.4) 217 (47.5) 93 (54.1) 

           by calendar period     

                 2010-2012 1,059 (65.3) 434 (67.9) 853 (52.6) 337 (52.7) 

                 ≥ 2013# 723 (69.7) 224 (65.1) 282 (56.5) 81 (46.8) 
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* Values are the number (%) unless indicated otherwise, and the proportions were calculated using the number of individuals in each 

category as the denominator. cDMARD = conventional disease-modifying antirheumatic drug; TNF = tumor necrosis factor. † Patients 

with < 1 year of followup were excluded from this analysis. ‡ Patients with < 2 years of followup were excluded from this analysis. § Drug-

free interval of up to 60 days. # 2013-2014 for the 1-year follow-up and 2013 for the 2-year follow-up. 
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Table 4. Factors associated with discontinuation of therapy: Cox regression models* 

   Variables  cDMARD – only Anti-TNF (+/- cDMARD) 

   First year of follow-up First 2 years of follow-up First year of follow-up First 2 years of follow-up 

Brazil      
   Age ( 1 year increase)  0.995 (0.992 -0.998) 0.997 (0.994 – 0.999) - - 

    Sex        Female - - 1.22 (1.16 - 1.29) 1.22 (1.16 - 1.29) 

        Male - - 1.00 (ref) - 

    Region of residence        Northern 1.24 (0.96 – 1.61) 1.19 (0.93 – 1.52) 2.06 (1.78 - 2.39) 1.88 (1.62 – 2.18) 

        Northeast 1.46 (1.28 – 1.67) 1.37 (1.20 – 1.57) 2.08 (1.89 – 2.28) 2.04 (1.87 – 2.23) 

        Central-West 1.24 (1.03 – 1.49) 1.10 (0.92 – 1.32) 1.25 (1.12 - 1.39) 1.17 (1.06 – 1.29) 

        Southeast 1.08 (0.99 – 1.19) 1.05 (0.96 – 1.15) 1.26 (1.17 - 1.36) 1.19 (1.11 – 1.27) 

        Southern 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 

    Gini index†  2.72 (1.47 – 5.03) 3.77 (2.06 – 6.91) 2.18 (1.43 – 3.33) 2.95 (1.98 – 4.40) 

    CCI‡  - - 1.09 (1.07 - 1.12) 1.08 (1.06 – 1.10) 

    Calendar period         ≥ 2013# 1.14 (1.06 – 1.24) - 1.18 (1.12 – 1.24) - 
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         2010 - 2012 1.00 (ref) - 1.00 (ref) - 

Quebec, Canada      

   Age (1 year increase)  0.986 (0.981 -0.992) 0.987 (0.982 -0.992) 0.989 (0.981 -0.998) 0.988 (0.981 -0.996) 

    Sex        Female - - 1.41 (1.08-1.83) - 

        Male - - 1 (ref) - 

    CCI‡  - - - 1.06 (1.00 – 1.12) 

    Calendar period       ≥ 2013# 0.86 (0.74 – 1.00) - - - 

       2010-2012 1.00 (ref) - - - 

    Medications in prior  

    year 

 Nonsteroidal 

antiinflammatory 

drugs  0.71 (0.61- 0.82) 

 

 

0.74 (0.64-0.86) 

- 

- 

  Corticosteroids - - 1.36 (1.04 – 1.78) 1.34 (1.06 – 1.70) 

  Opioids - - 1.39 (1.10 – 1.75) 1.41 (1.14 – 1.74) 

* Values are adjusted hazard ratio (95% confidence interval). Hazard ratios >1 indicate more likely to discontinue therapy. cDMARD = 

conventional disease-modifying antirheumatic drug; TNF = tumor necrosis factor; ref = reference. † Municipal Gini Index according to the 
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municipal mesh existent in 2010, Brazil; ‡ CCI = Charlson Comorbidity Index. #2013-2014 for the 1-year follow-up and 2013 for the 2-year 

follow-up 
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[supplementary material] Table 5. Sensitivity analysis: medication persistence and proportion of persistent patients, where a drug-free 

interval of up to 180 days was used, Brazilian ankylosing spondylitis cohort, 2010–2015* 

 Follow-up First year of follow-up † First two years of follow-up ‡ 

 

cDMARD-only 

N=3838 

Anti-TNF  
(+/- cDMARD) 

N=15518 

cDMARD-only 

N= 3205 

Anti-TNF 
 (+/- cDMARD) 

N= 11704 

Medication persistence (mean ± SD, days) § 

 

238±122 310±95 346±254 538±245 

       Persistent patients, n (%)     

           all patients 1476 (38.5) 10690 (68.9) 644 (20.1) 5955 (50.9) 

           by anti-TNF dispensed     

                 adalimumab (+/- cDMARD) - 5648 (69.4) - 3081 (51.5) 

                 etanercept (+/- cDMARD) - 3495 (71.1) - 2027 (53.8) 

                 infliximab (+/- cDMARD) - 1547 (62.8) - 847 (43.3) 

           by region of residence     

             Northern 40 (44.0) 260 (57.1) 17 (19.5) 110 (35.6) 
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             Northeast 150 (27.3) 1377 (56.8) 47 (10.2) 653 (35.0) 

             Central-West 70 (33.6) 1148 (71.4) 35 (19.2) 666 (53.6) 

             Southern 585 (42.4) 2633 (77.7) 266 (23.0) 1572 (60.2) 

             Southeast 631 (39.2) 5272 (69.0) 279 (21.2) 2954 (52.1) 

           by Municipal Gini index     

                 < 0.53 850 (41.6) 5271 (72.5) 377 (22.5) 3015 (55.7) 

                ≥ 0.53 626 (34.9) 5419 (65.7) 267 (17.5) 2940 (46.7) 

           by calendar period     

                 2010 - 2012 1049 (40.9) 5977 (72.6) 538 (21.0) 4343 (52.7) 

                 ≥ 2013# 427 (33.5) 4713 (64.7) 106 (16.6) 1612 (46.5) 

* Values are the number (%) unless indicated otherwise, and the proportions were calculated using the number of individuals in each 

category as the denominator. cDMARD = conventional disease-modifying antirheumatic drug; TNF = tumor necrosis factor. † Patients 

with < 1 year of follow-up were excluded from this analysis. ‡ Patients with < 2 years of follow-up were excluded from this analysis. § 

Drug-free interval of up to 180 days. #2013-2014 for the 1-year follow-up and 2013 for the 2-year follow-up  
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[supplementary material] Table 6. Sensitivity analysis: medication persistence and proportion of persistent patients, where a drug-free 

interval of up to 180 days was used as a grace period between two dispensed prescriptions, Quebec ankylosing spondylitis cohort, 2010–

2015* 

 Follow-up First year of follow-up † First two years of follow-up ‡ 

 

cDMARD-only 

N=2,660 

Anti-TNF  
(+/- cDMARD) 

N=983 

cDMARD-only 

N= 2,121 

Anti-TNF  
(+/- cDMARD) 

N= 812 

Medication persistence (mean ± SD, days) § 

 

325±75 321±81 531±222 516±227 

       Persistent patients, n (%)     

           all patients 2129 (80.0) 763 (77.6) 1380 (65.1) 489 (60.2) 

           by anti-TNF dispensed     

                 Adalimumab (+/- cDMARD) - 230 (75.7) - 155(58.9) 

                 Etanercept (+/- cDMARD) - 302 (75.9) - 194 (58.4) 

                 Infliximab (+/- cDMARD) - 63 (74.1) - 44 (59.5) 

 Golimumab (+/- cDMARD)  135 (85.4)  79 (66.9) 

 Certolizumab (+/- cDMARD)  33 (86.8)  17 (68.0) 
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           by region of residence     

             Rural 356 (80.5) 184 (78.3) 229 (66.6) 117 (60.3) 

              Urban 1,773 (79.9) 579 (77.4) 1,151 (64.8) 372 (60.2) 

           by SES     

                1 300 (81.1) 125 (78.1) 206 (71.3) 87 (60.4) 

                2 351 (81.4) 137 (75.3) 226 (66.7) 80 (53.0) 

 3 433 (83.0) 130 (78.8) 284 (69.3) 83 (64.8) 

 4 444 (81.6) 155 (82.4) 289 (66.3) 101 (64.7) 

 5 436 (77.0) 164 (75.6) 271 (59.3) 105 (61.0) 

           by calendar period     

                 2010-2012 1,282 (79.0) 504 (78.9) 1,035 (63.8) 390 (61.0) 

                 ≥ 2013# 847 (81.6) 259 (75.3) 345 (69.1) 99 (57.2) 

* Values are the number (%) unless indicated otherwise, and the proportions were calculated using the number of individuals in each 

category as the denominator. cDMARD = conventional disease-modifying antirheumatic drug; TNF = tumor necrosis factor. † Patients 
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with < 1 year of follow-up were excluded from this analysis. ‡ Patients with < 2 years of follow-up were excluded from this analysis. § 

Drug-free interval of up to 180 days. . #2013-2014 for the 1-year follow-up and 2013 for the 2-year follow-up  

Figure 1. Drug survival by anti–tumor necrosis factor (anti-TNF) and conventional disease-modifying antirheumatic drug (cDMARD) 

initiation period.  First 2 years follow-up, Brazil 

 



This is a peer-reviewed, accepted author manuscript of the following research article: Acurcio, F. D. A., Guerra Júnior, A. A., da Silva, M. R. R., 
Gonçalves Pereira, R., Godman, B., Bennie, M., ... Rahme, E. (Accepted/In press). Comparative persistence of anti-tumor necrosis factor therapy in 
ankylosing spondylitis patients: a multicenter international study. Current Medical Research and Opinion.  
 

46 
 
 

  



This is a peer-reviewed, accepted author manuscript of the following research article: Acurcio, F. D. A., Guerra Júnior, A. A., da Silva, M. R. R., 
Gonçalves Pereira, R., Godman, B., Bennie, M., ... Rahme, E. (Accepted/In press). Comparative persistence of anti-tumor necrosis factor therapy in 
ankylosing spondylitis patients: a multicenter international study. Current Medical Research and Opinion.  
 

47 
 
 

Figure 2. Drug survival by anti–tumor necrosis factor (anti-TNF) and conventional disease-modifying antirheumatic drug (cDMARD) 

initiation period.  First 2 years follow-up, Quebec, Canada 
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