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ABSTRACT 

OBJECTIVE: To compare medication persistence of tofacitinib with persistence of 

injectable biologic disease-modifying antirheumatic drugs (bDMARDs) in patients with 

rheumatoid arthritis (RA). 

METHODS: We performed a retrospective new user cohort study of RA patients in the 

IBM® MarketScan® Research Databases. New users of tofacitinib or bDMARDs were 

identified between November 2012 and December 2016. Persistence, in number of 

years, was the time between treatment initiation and the earliest occurrence of 

discontinuation of, or switching from, the medication prescribed at cohort entry. 

Persistence of tofacitinib was compared with bDMARD persistence using Cox 

proportional hazards regression with adjustment for high-dimensional propensity scores. 

Similar methods were used for an analysis of post first-line therapy in patients who 

switched to tofacitinib from a bDMARD. 

RESULTS: New tofacitinib users (n = 1031) were 56 years of age, on average, and 82% 

were women. New bDMARD users (n = 17,803) were 53 years of age, on average, and 

78% were women. New tofacitinib users had shorter medication persistence (median 

0.81 years) compared with bDMARD patients (1.02 years). After adjustment, the hazard 

ratio for discontinuation of tofacitinib compared with bDMARDs was 1.14 (95% 

confidence interval [CI] 1.05–1.25). Patients who switched to tofacitinib from a bDMARD 

had longer persistence than patients who switched to a bDMARD (adjusted hazard ratio 

for discontinuation 0.90; 95% CI 0.83–0.97).  

CONCLUSIONS: Further research is warranted to understand the reasons for 

discontinuation of tofacitinib despite its ease of administration, and to understand the 

observed differences between switchers and new users.  
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INTRODUCTION 

Tofacitinib is a Janus kinase inhibitor indicated for the treatment of moderate to severe 

active rheumatoid arthritis (RA) in adults who demonstrate inadequate response or 

intolerance to methotrexate (1). Tofacitinib, a small molecule administrated orally, may 

provide a convenience advantage over the injectable biologic disease-modifying 

antirheumatic drugs (bDMARDs). Approved by the U.S. Food and Drug Administration  

in November 2012 (2), tofacitinib is a relatively new medication, and evidence of its 

effectiveness and safety is based mainly on randomized clinical trials (RCTs). The 

efficacy and safety of tofacitinib were shown to be comparable with, or non-inferior to, 

the bDMARDs in RCTs of 6–24 months (3-6) and in network meta-analyses (7, 8). 

Additionally, long-term extensions of RCTs showed that efficacy, in terms of American 

College of Rheumatology 20/50/70 criteria (ACR20/50/70), was maintained (9). 

Approximately one-quarter of patients discontinued treatment due to adverse events 

after eight years (9). However, RCT participants may not represent patients treated in 

the real-world setting (10, 11), and RCTs are usually short compared to life-long 

treatment of a chronic disease.  

Medication persistence is a measure of adherence (12) and has been proposed as a 

surrogate measure for medication effectiveness (13). Nevertheless, persistence is 

affected by other factors, such as out-of-pocket costs (14, 15) and prescriber preference 

(16). Based on the evidence that RA patients prefer oral medications over 

subcutaneous and intravenous medications (17), and that efficacy reported in RCTs is 

similar for tofacitinib and bDMARDs (4-8), it is reasonable to expect that patients taking 

tofacitinib would adhere to treatment longer than patients taking bDMARDs. However, 
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mounting evidence shows that adherence during the implementation phase is often 

worse with tofacitinib (18-20). Notably, one study of switchers that compared tofacitinib 

and bDMARD persistence found similar mean persistence in the first year after 

switching (21). To the best of our knowledge, no published study of new users has 

compared persistence of tofacitinib with persistence of bDMARDs.  

The main objective of our study was to compare medication persistence in new users of 

tofacitinib with new users of bDMARDs. A secondary objective was to compare 

persistence in patients who switched from a bDMARD to tofacitinib with those who 

switched from tofacitinib or a bDMARD to another bDMARD. 

 

PATIENTS AND METHODS 

Cohorts of rheumatoid arthritis patients 

This study was conducted by the Canadian Network for Observational Drug Effect 

Studies (CNODES) (22). The study protocol was approved by the University of British 

Columbia Clinical Research Ethics Board, number H16-00137. We conducted a cohort 

study using the IBM® MarketScan® Research Databases (Commercial and Medicare, 

2010–2016). The source population consisted of more than 70 million individuals aged 

18 years and older who had medical services coverage between November 2012 and 

December 2015. We selected medical and pharmacy records of new prescriptions for 

tofacitinib and the following bDMARDs: adalimumab, certolizumab pegol, etanercept, 

golimumab, infliximab, abatacept, and tocilizumab. New users, sometimes referred to as 

“biologic-naïve” users, were individuals who had no prescriptions (in pharmacy or 
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medical records) for any of the above medications, or for anakinra or rituximab in the 

previous year. Rituximab was not included in our analysis due to the uncharacteristically 

long interval between injections (median time between doses of 7–8 months) (23). New 

users of anakinra were excluded post hoc when we discovered that they were markedly 

older and had more comorbidities than patients who started using other bDMARDs.  

Patients were required to be enrolled in their health plan for at least one year prior to 

receiving a prescription for tofacitinib or a bDMARD. Short gaps in medical coverage up 

to 90 days were permitted. Patients were identified as having RA if, in the two years 

before receiving their new prescription for tofacitinib or a bDMARD, they had a 

discharge abstract from an acute care hospital or an outpatient medical record, which 

included an International Classification of Diseases version 9 (ICD-9) code of 714.XX or 

an ICD-10 code of M05.XX. A previous validation study estimated a sensitivity of 93% 

and a specificity of 84% for an RA diagnosis based on one physician visit and at least 

one prescription for a conventional or biologic DMARD (24). We excluded patients who 

received a different medication (tofacitinib or bDMARD) within one week of cohort entry, 

or who were 21 years of age or younger (to eliminate cases of juvenile idiopathic 

arthritis). Patients were also excluded if they had been diagnosed with malignancy, 

juvenile chronic polyarthritis, psoriasis, psoriatic arthritis, ankylosing spondylitis, regional 

enteritis, or ulcerative colitis in the two years before cohort entry. Patients entered the 

study once on the earliest date of receiving a new prescription.  

For our secondary objective, we constructed a cohort of RA patients who switched from 

a bDMARD to tofacitinib, and patients who switched from one bDMARD to another 

bDMARD or from tofacitinib to a bDMARD. Switchers, sometimes referred to as 
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“biologic-experienced” users, were patients who had used different medications—

tofacitinib or any bDMARD—in the previous year but were new users of the medication 

prescribed at cohort entry (i.e., the target medication). We applied the same inclusion 

and exclusion criteria as for the primary objective.  

Outcome measures 

Persistence was measured in number of years from cohort entry until discontinuation of 

the medication, which was defined as stopping of the target medication or switching to 

another medication. Discontinuation was ascertained from pharmacy and medical 

prescription records using a refill-sequence model (25) and was defined as the first 

medication-free gap exceeding 90 days from the expected prescription refill date for the 

target medication. The date of discontinuation was defined as the date the refill was 

expected to occur. To estimate the expected refill date, we used the recorded days of 

medication supplied, which usually reflected the number of consecutive days until the 

next prescription refill. When days’ supply of an injectable medication was missing or 

invalid, it was imputed as the longest dosing interval recommended in the product 

monograph (26). Days’ supply was truncated at 180 days, and no stockpiling was 

allowed. Patients who received prescriptions for different medications (tofacitinib, 

bDMARDs, rituximab, or anakinra) before they had discontinue using their original 

medication were considered switchers, and the discontinuation date was defined as the 

date when the new medication was dispensed or administrated. Patients were censored 

at the end of their health plan enrollment, when they experienced an enrollment gap 

longer than 90 days, or at the end of the study period (December 31, 2016). Data on 
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death were unavailable in the MarketScan Research Databases; therefore, we were 

unable to account for death as a competing risk. 

 

Statistical analysis 

The risk of discontinuing tofacitinib was compared with that of bDMARDs using Cox 

proportional hazards regression (i.e., outcome models). We estimated high-dimensional 

propensity scores (hdPS) (27), which was the probability of an individual be treated with 

tofacitinib compared with bDMARDs. The hdPS models included demographics and 

clinical variables that were forced into the model and a large number of covariates 

identified from drug dispensations, and inpatient and outpatient diagnoses and medical 

procedures from the year before cohort entry. Demographic factors at cohort entry 

included sex, age, income (based on Metropolitan Statistical Areas), and information on 

employment, health plan, and geographical area. Clinical variables measured in the 

year before cohort entry included the use of any prescription nonsteroidal anti-

inflammatory drug, the Deyo-Charlson comorbidity score (28), days with ambulatory 

visits to a physician’s office, and days in hospital. We excluded patients in the non-

overlapping tails of the distributions (29) and then calculated the hdPS deciles. 

The adjusted outcome models included hdPS deciles and two categorical adherence 

variables to partially compensate for any potential channeling bias. Channeling bias 

may occur when the newly marketed tofacitinib and established bDMARDs, despite 

similar indications, are prescribed to patients with different prognostic characteristics. 

We considered that the patients’ medication adherence behavior may have affected the 
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decision to choose tofacitinib versus bDMARDs. We assessed historical adherence 

rates for oral or injectable medications separately from dispensations of oral or 

injectable antirheumatic medications and oral antihypertensive and antidiabetic 

medications in the two years before cohort entry (30). We calculated the medication 

possession ratio (MPR) of each medication used and averaged the MPRs separately for 

oral and injectable medications. The average values were the historical adherence 

rates. Each of the two historical adherence variables had three levels: "adherent" when 

the mean historical adherence rate was 0.8 or higher, "non-adherent", and "unavailable" 

for patients not treated with these medications or who received only a single 

prescription for each medication. Details of the method used to assign the three-level 

adherence variables are included in the online appendix.  

 

Additional analyses 

We analyzed cohorts of patients who had received at least two prescriptions of the 

target medication in order to reduce the risk of selection bias caused by including 

patients who refilled their prescription but did not initiate the medication after the refill. 

Further, we assessed the robustness of the 90-day medication-free gap that was used 

to identify discontinuation by re-analyzing the data using gaps of 60 and 180 days. We 

also analyzed sub-cohorts of patients who did not receive concomitant methotrexate 

treatment in order to examine whether tofacitinib had a persistence advantage in those 

patients. Concomitant methotrexate treatment was defined as at least one methotrexate 

dispensation in the six months before cohort entry. Finally, we explored possible effect 
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modification by historical medication adherence by separately analyzing subgroups of 

patients based on their adherence levels.  

 

RESULTS  

The cohort of new users consisted of 1031 tofacitinib patients and 17,803 bDMARD 

patients (Table 1, Supplementary Figure 1 in the online supplement, Supplementary 

Table 2 in the online supplement). New tofacitinib patients were 56 years of age, on 

average, and 82% were women. New bDMARD patients were 53 years of age, on 

average, and 78% were women. Patients treated with tofacitinib had more comorbidities 

and were more adherent to earlier treatments for RA, hypertension, and diabetes, either 

oral or injectable. Tofacitinib patients also used less methotrexate but more leflunomide 

and prednisone. By the end of follow-up, 9929 individuals had not persisted with their 

medication, including 591 (57.3%) tofacitinib users and 9338 (52.5%) bDMARDs users. 

New users of tofacitinib had shorter persistence than new users of bDMARDs (Figure 

1A, Table 2). Median persistence was 0.81 years for tofacitinib users (95% confidence 

interval [CI] 0.73–0.91) and 1.02 years for bDMARDs users (95% CI 0.99–1.05). The 

crude and adjusted hazard ratios for discontinuation of tofacitinib compared with 

bDMARDs were 1.18 (95% CI 1.09–1.28) and 1.14 (95% CI 1.05–1.25). 

We observed heterogeneity in comparisons of tofacitinib and the individual bDMARDs 

(Table 2, Supplementary Figure 2 in the online supplement). Tofacitinib was associated 

with a greater, albeit heterogeneous, hazard of medication discontinuation compared 
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with adalimumab, etanercept, golimumab, and infliximab (hazard ratios1.13–1.37). No 

difference in the comparisons of abatacept and tocilizumab was observed.  

In our analysis of switchers, we identified 1535 RA patients who switched to tofacitinib 

from a bDMARD, and 9849 patients who switched from one bDMARD to another or 

from tofacitinib to a bDMARD (Table 1, Supplementary Figure 1 in the online 

supplement, Supplementary Table 3 in the online supplement). Switchers to tofacitinib 

were 54 years of age, on average, and 83% were women. Switchers to bDMARD were 

53 years of age, on average, and 81% were women. In contrast to new users, switchers 

to tofacitinib had longer persistence than switchers to bDMARDs (Figure 1B, Table 3). 

Median persistence was 1.04 years in switchers to tofacitinib (95% CI 0.94–1.19) and 

0.83 years in switchers to bDMARDs (95% CI 0.78–0.86). The adjusted hazard ratio of 

medication discontinuation after switching to tofacitinib compared with switching to 

bDMARDs was 0.90 (95% CI 0.83–0.97). 

 

Results of additional analyses 

Kaplan-Meier plots indicated a sizable decrease in medication persistence within one 

month of initiation (Figure 1). Considering that 83% of the first dispensations of 

tofacitinib were for 30 days, the sizable decrease in medication persistence was likely 

due to patients who discontinued treatment after a single prescription and those who 

refilled prescriptions but did not initiate the medication following the refill. The decrease 

in persistence was larger in tofacitinib patients in both cohorts (new users and 

switchers). Among new users, 21.9% of tofacitinib patients did not refill a second 
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prescription compared with 13.9% of bDMARDs users; only about 3% in each group 

were censored after the first dose. Among switchers, the proportions were 17.7% and 

12.6%, respectively; with similar percentages (3%) of patients censored after the first 

dose. The exclusion of patients who received a single prescription of the target 

medication did not affect the significance of the results for switchers (Table 4); the 

adjusted hazard ratio was 0.79  (95% CI 0.74–0.88). Among new users, excluding 

patients who received a single prescription of the medications had a significant effect on 

the estimates, and the adjusted hazard ratio became insignificant 0.98 (95% CI 0.88–

1.09). These results are supported by the patterns of the Kaplan Meier plot in Figure 1A: 

after the sizable decrease during the first month after cohort entry, persistence curves 

for tofacitinib and bDMARDs users appear to be parallel. The length of the medication-

free gap influenced the magnitude of the hazard ratio estimates (Table 4), but the 

results remained statistically significant. Finally, in new users who did not receive 

concomitant methotrexate treatment, the hazard ratios remained significant, with longer 

persistence for bDMARDs. However, in switchers who did not receive concomitant 

methotrexate treatment, tofacitinib lost its benefit in terms of persistence, and the 

hazard ratio became statistically insignificant. 

To explore the influence of historical adherence to treatments on persistence, we 

estimated hazard ratios separately for each category of the two historical adherence 

variables (Table 5). The concordance rates between the historical adherence to oral 

medications and the historical adherence to injectable medications was about 57% 

(Supplementary Table 4 in the online supplement In new users, estimates of historical 

adherence to injectable medications did not reach the significance level, probably due to 
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the lack of data on adherence of these medications. Historical adherence to oral 

medications is likely an effect modifier in new users: in adherent patients, the 

discontinuation rates were lower, albeit insignificant, with tofacitinib (hazard ratio 0.95, 

95% CI 0.83–1.08), while in non-adherent patients, the discontinuation rates were 

higher with tofacitinib (hazard ratio 1.33, 95% CI 1.17–1.52). Historical adherence to 

oral or injectable medications had no effect in switchers, who had consistently lower 

discontinuation rates with tofacitinib (hazard ratios 0.76–0.91).  

 

DISCUSSION  

To our knowledge, this study is the largest to date that compares persistence of 

tofacitinib with persistence of bDMARDs among patients with RA, and the only 

comparative study conducted with new users of these medications. In the IBM® 

MarketScan® Research Databases, new users of tofacitinib had a shorter persistence 

compared with new users of bDMARDs. In contrast, for patients who had already used 

a bDMARD or tofacitinib and started a new medication, we found a significantly longer 

persistence for switchers to tofacitinib compared with switchers to bDMARDs. In 

addition, we observed longer persistence in switchers to tofacitinib compared with new 

users of the medication. The results of both analyses were robust, and adjustment for 

high dimensional propensity scores had little influence on our hazard ratios and no 

impact on statistical significance. We also found that historical adherence to oral 

medications is likely an effect modifier in new users, and patients continue their oral 

adherence behavior when treated with tofacitinib. Historical adherence had no effect in 

switchers. 
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Evidence of treatment persistence of tofacitinib is available from RCTs and real-world 

data, including a recent meta-analysis that pooled the discontinuation rates of tofacitinib 

and bDMARDs from RCTs (31). Similar to our study, the meta-analysis indicated that 

new users of abatacept had lower discontinuation rates than new users of tofacitinib. 

Unlike our analyses, discontinuation rates in the meta-analysis were comparable 

between tofacitinib and other bDMARDs. Overall, neither our study nor the meta-

analysis showed an advantage in terms of persistence for new users of tofacitinib. 

Among patients in the meta-analysis who switched after an inadequate response to a 

bDMARD, discontinuation rates were lower in switchers to bDMARDs than in those who 

switched to tofacitinib. These pooled findings contradict our results. The differences 

may indicate selection bias or residual confounding in our data but could also be the 

result of differences between the study populations in RCTs and real-world settings (10, 

32, 33). In a single real-world study of new users, similar discontinuation rates were 

reported after one year of treatment with tofacitinib, etanercept, and adalimumab (34), 

but we found no study that tested for the difference in persistence between new users of 

tofacitinib and new users of bDMARDs. A few studies on switchers indicated that 

discontinuation of tofacitinib was comparable to that of certolizumab (35), adalimumab, 

etanercept, or abatacept (36). 

Our findings of longer persistence in switchers to tofacitinib compared with new users of 

the medication are inconsistent with the results of a small cohort study (of short 

duration) that compared new users of tofacitinib with switchers (37). In that study, 

adverse events were comparable between new users and switchers, but the clinical 

effectiveness of tofacitinib for new users was better than it was for switchers to 
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tofacitinib. These results implied longer persistence in new users of tofacitinib compared 

with switchers, as was observed in a recent Canadian study (38). The longer 

persistence in switchers to tofacitinib in our study may have been because tofacitinib 

was often prescribed as a “last resort” medication, especially during the drug’s first 

years on the market. As such, and in the absence of alternatives, patients may have 

persisted longer in taking tofacitinib. Our study and others in the literature support this 

explanation, as shown by the larger proportion of patients who tried more than one type 

of bDMARD before switching to tofacitinib compared with the relatively smaller 

proportion of switchers to another bDMARD (38, 39). 

It is likely that the shorter persistence in new users of tofacitinib is driven mainly by the 

large proportion of patients who did not renew their treatment after a single 

dispensation. In the absence of information on the causes of discontinuing the 

medications, we could not provide further explanation for this observation. Previous 

cohort studies reported discontinuation due to adverse events in 3.2–24.3% of the 

patients who were followed for 6–22 months (37, 40–45). In those studies, 1.6–20.8% of 

tofacitinib users discontinued their treatment due to a lack/loss of efficacy. The two 

largest studies were conducted in Japan and included 2387 and 3929 tofacitinib users. 

The studies reported that similar proportions of patients—approximately 9%—

discontinued their treatment due to adverse events and lack of effectiveness (41, 45). 

Due to the nature of administrative data, we were unable to differentiate between the 

different reasons for discontinuing use of tofacitinib or bDMARDs.   

Administrative data have a number of limitations. Unmeasured confounding is a 

potential issue in the absence of direct clinical measures such as disease severity 
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scores. To minimize this problem, we included proxies of disease severity in the high 

dimensional propensity scores. Patient behavior, especially adherence, is also a 

potential confounder if treatment was selected based on this behavior. To minimize this 

problem, we measured patient adherence to an earlier treatment and controlled for it in 

our regression. Also, there are several concerns about the accuracy of measuring 

persistence. First, adherence during the implementation phase was strongly associated 

with persistence as measured in our study. Patients were more likely to be assigned 

“discontinuation” if their adherence was low and they had long gaps between 

prescription refills. Tofacitinib users had better adherence than bDMARDs users; hence, 

they were less likely to be assigned “discontinuation.” This may bias the results toward 

the null in new users and away from the null in switchers. Second, it is possible that not 

all medications dispensed were actually taken. Robust results from the analysis of 

patients who received at least two prescriptions/doses and were therefore more likely to 

use the medications, increased our confidence in the results. Last, in the absence of 

information on duration of treatment for some administration events, we used a 

conservative approach to impute these data based on the longest inter-dose interval 

mentioned in the product monographs. This resulted in an overestimation of persistence 

for some patients who were treated with most bDMARDs. This may bias the results 

away from the null in new users and toward the null in switchers. 

  

In conclusion, in the treatment of rheumatoid arthritis, tofacitinib was associated with 

shorter persistence in new users and longer persistence in switchers compared with 

bDMARDs. Channeling based on adherence did not explain the differences between 
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the cohorts. Further research is warranted to understand the reasons for discontinuation 

of tofacitinib despite its ease of administration, and to understand the observed 

differences between switchers and new users. 
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FIGURE LEGENDS 

FIGURE 1. Kaplan-Meier estimates of medication persistence in new users and 

switchers (bDAMRDs: biologic disease-modifying antirheumatic drugs).  
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