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Persistence with Anti-Tumor Necrosis Factor Therapies
in Patients with Rheumatoid Arthritis: Observations
from the RADIUS Registry
JOSEPH A. MARKENSON, ALLAN GIBOFSKY, WILLIAM R. PALMER, EDWARD C. KEYSTONE, 

MICHAEL H. SCHIFF, JINGYUAN FENG, and SCOTT W. BAUMGARTNER

ABSTRACT. Objective. To evaluate persistence with anti-tumor necrosis factor (TNF) therapy and predictors of

discontinuation in patients with rheumatoid arthritis (RA).

Methods. This retrospective analysis used data from RADIUS 1, a 5-year observational registry of

patients with RA, to determine time to first- and second-course discontinuation of etanercept, inflix-

imab, and adalimumab. First-course therapy was defined as first exposure to anti-TNF therapy, and

second-course therapy was defined as exposure to anti-TNF therapy after the first discontinuation.

Kaplan-Meier survival analysis was used to assess persistence, log-rank tests were used to compare

therapies, and Cox proportional hazards models were used to assess potential predictors of treatment

discontinuation.

Results. This analysis included 2418 patients. Mean persistence rates were similar among treatments

[first-course: etanercept, 51%; infliximab, 48%; adalimumab, 48% (followup was 54 weeks for etan-

ercept and infliximab and 42 weeks for adalimumab); second-course: 56%, 50%, 46%, respectively

(followup was 36 weeks for etanercept and infliximab and 30 weeks for adalimumab)].

Discontinuations of first-course therapy due to ineffectiveness were similar among treatments (etan-

ercept, 19%; infliximab, 19%; adalimumab, 20%) and discontinuations due to adverse events were

significantly (p = 0.0006) lower for etanercept than for infliximab (etanercept, 14%; infliximab,

22%; adalimumab, 17%). Predictors from univariable analysis of first- or second-course therapy dis-

continuation included increased comorbidities (etanercept), female sex (infliximab), Clinical Disease

Activity Index > 22 (infliximab), and a Stanford Health Assessment Questionnaire score > 0.5

 (adalimumab).

Conclusion. In this population, first- and second-course persistence was similar among anti-TNF

therapies. First-course discontinuation due to adverse events was lower with etanercept compared

with infliximab. (First Release May 15 2011; J Rheumatol 2011;38:1273–81; doi:10.3899/

jrheum.101142)
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The availability of anti-tumor necrosis factor (TNF) agents

has improved the management of rheumatoid arthritis (RA).

The efficacy and safety of the anti-TNF agents etanercept,

infliximab, and adalimumab have been widely investigated

in RA. Key studies of etanercept, infliximab, and adali-

mumab have shown that these therapies are generally well

tolerated, are associated with improvements in RA symp-

toms, and slow joint damage either alone or in combination

with the disease-modifying antirheumatic drug (DMARD)

methotrexate (MTX)1,2,3,4,5,6,7,8,9,10,11,12,13. Recently, 2

additional anti-TNF therapies, golimumab and certolizumab

pegol, have been introduced for the treatment of

RA14,15,16,17,18. Newly published observational studies of

treatment trends from a US registry of patients with RA

show that use of anti-TNF drugs is increasing in patients

with both early and established RA and that physician pref-

erence is a significant determinant in choice of RA biologic

therapy19,20.

Only limited information is available on the persistence

of anti-TNF agents among patients with RA. Recent studies

have examined persistence and reasons for discontinuation

among real-world patients with RA treated with anti-TNF
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agents such as etanercept, infliximab, and adalimum-

ab21,22,23,24. However, these studies vary greatly in design

and disease characteristics. Two of the studies utilized US

veterans or insurance claims databases to carry out retro-

spective analyses21,23, whereas 2 were observational studies

derived from registries of European patients with RA22,24.

Among these studies, patients varied in baseline demo-

graphic characteristics, including disease severity, comor-

bidities, and health insurance coverage. Ultimately, data

from controlled clinical trials might not be optimal in an

assessment of persistence because of inherent biases in clin-

ical trials regarding baseline characteristics of included

patients (e.g., lower rates of comorbidities), restrictive entry

requirements, and short duration of therapy; thus, clinical

trial data do not represent real-world practice.

The Rheumatoid Arthritis Disease-Modifying

Anti-Rheu matic Drug Intervention and Utilization Study

(RADIUS) was a 5-year multicenter observational registry

that assessed the use patterns, efficacy, and safety of

DMARD and biologics among patients with RA in real-

world clinical practice25,26. The RADIUS registries repre-

sent 2 cohorts: RADIUS 1 evaluated patients with RA who

initiated a new DMARD or biologic (addition or switch) at

enrollment, and RADIUS 2 evaluated patients with RA who

initiated etanercept at enrollment. The objective of this ret-

rospective analysis was to evaluate longterm persistence and

potential predictors of drug discontinuation with first- and

second-course anti-TNF therapies among patients in

RADIUS 1.

MATERIALS AND METHODS

Patients. The complete inclusion and exclusion criteria for RADIUS 1 were

described previously25. Briefly, eligible patients (age ≥ 18 years) had RA as

classified by the 1987 American Rheumatism Association criteria27 and

required a new DMARD or biologic (addition or switch) at enrollment. All

patients provided written informed consent, and the study was approved by

the institutional review board of each participating site.

Study design. RADIUS 1 was a prospective, multicenter, observational reg-

istry conducted at 387 sites in the United States that included 4968

patients. Patients who initiated first-course etanercept, infliximab, or adal-

imumab during the study were included in this analysis. First-course ther-

apy was defined as the first exposure to an anti-TNF agent at any time dur-

ing the study. The study population included patients who were biologic-

naive and patients previously treated with a biologic agent; prior exposure

to biologic agents was not factored into the analysis. Second-course ther-

apy was defined as initiation of any anti-TNF agent following the first dis-

continuation. Data were collected from baseline until discontinuation of

treatment (up to 5 years) and were summarized for each of the 3 anti-TNF

agents.

The main endpoints of the study were time to the first and second dis-

continuation of therapy. Discontinuations analyzed included those attrib-

uted to ineffectiveness and adverse events (AE). In addition, risk factors for

first- and second-course anti-TNF therapy discontinuations (including

first-course discontinuations attributed to ineffectiveness and AE) were

assessed.

Assessments. Demographic assessments at baseline included age, sex, and

race. Patient-reported baseline data included highest education level

achieved, employment status, insurance coverage, and prescription payers.

Physician-reported data at baseline included estimates of disease severity

according to Clinical Disease Activity Index (CDAI) scores for mild (> 2.8

to ≤ 10), moderate (> 10 to ≤ 22), and severe (> 22) disease, disease dura-

tion, reason for treatment change, prednisone use at baseline, concomitant

DMARD, use of anti-TNF therapy, and history of comorbidities.

Clinical assessments included tender and swollen joint counts (28 joints

were assessed), Stanford Health Assess ment Questionnaire (HAQ) score,

physician and patient global assessments, pain visual analog scale score,

and laboratory values including presence of rheumatoid factor (RF). The

CDAI was calculated, and the incidences of serious AE and certain AE of

interest were recorded. The time to first- and second-course anti-TNF ther-

apy discontinuations was estimated.

Statistical analysis. Patient demographics and disease characteristics were

summarized using descriptive statistics. Persistence on anti-TNF therapy

(defined as the time from initiation to discontinuation) was assessed by

Kaplan-Meier analysis. A log-rank test was used to compare persistence

rates between anti-TNF agents. Kaplan-Meier analysis was used to estimate

the survival function of time to discontinuation of anti-TNF therapy due to

ineffectiveness and AE.

Univariable and multivariable Cox proportional hazards models were

used to assess potential predictors of discontinuation of anti-TNF therapy,

including first-course discontinuations attributed to ineffectiveness and AE.

The following covariates were examined in the models: age (continuous, in

years), sex (female vs male), race (white vs non-white), number of comor-

bid conditions, disease severity (based on CDAI score > 22 vs ≤ 22 prior to

initiation of anti-TNF therapy), disease duration (continuous, in years),

Medicare (yes vs no), employment status (employed vs unemployed),

RF-positive (yes vs no), prednisone use at baseline (yes vs no), and HAQ

score (continuous, prior to initiation of anti-TNF therapy). Data were pre-

sented as hazard ratios with 95% confidence intervals. All statistical calcu-

lations were performed using SAS software version 9.1 (SAS Institute Inc.,

Cary, NC, USA).

RESULTS

Patients. A total of 4968 patients were enrolled in RADIUS

1 between October 2001 and January 2003. This analysis

included 2418 patients; of these, 694 (29%) started etaner-

cept, 1427 (59%) started infliximab, and 297 (12%) started

adalimumab. Mean (SD) followup times were 3.2 (1.5)

years for etanercept, 3.4 (1.5) years for infliximab, and 2.6

(1.2) years for adalimumab. Patient demographics and dis-

ease characteristics are shown in Table 1. Patients in the

infliximab group were older; had longer disease duration;

had more severe disease as shown by CDAI, HAQ, joint

counts and global assessment; and had more concomitant

DMARD use than patients in the etanercept and adalimum-

ab groups (Table 1). About three-quarters of patients in each

group had severe RA (defined as CDAI > 22), and approxi-

mately 80% of patients in each group were RF-positive.

Persistence with first-course anti-TNF therapy. The rates of

persistence and discontinuation due to AE or ineffectiveness

during first-course anti-TNF therapy are shown in Table 2,

and a Kaplan-Meier plot of time to discontinuation of each

first-course anti-TNF therapy is shown in Figure 1A.

Among patients who received etanercept and infliximab,

persistence rates decreased similarly, reaching 51% and

48%, respectively, at 54 months. The persistence rate among

patients who received adalimumab was 48% at 42 months.

The percentage of patients who discontinued as a result of
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AE was significantly lower (p = 0.0006, log-rank test) for

patients who received etanercept (14% at 54 months) com-

pared with those who received infliximab (22% at 54

months; Table 2, Figure 1B). In the adalimumab group, 17%

of patients discontinued at 42 months as a result of AE. The

percentage of patients who discontinued as a result of inef-

fectiveness was similar among the 3 groups; patients who

received etanercept and infliximab had discontinuation rates

due to ineffectiveness of 19% each at 54 months, and

patients who received adalimumab had a discontinuation

rate due to ineffectiveness of 20% at 42 months (Table 2,

Figure 1C).

The effect of disease control on persistence was also

assessed in an exploratory analysis. There was significant

evidence of a difference in mean CDAI score between those

who persisted and those who discontinued treatment (p <

0.001). Mean CDAI scores at treatment stop date were sig-

nificantly higher in those who discontinued than in those

who persisted for the etanercept and infliximab groups.

Mean CDAI scores for those who discontinued and those

who persisted, respectively, were 26.2 and 16.8 (p < 0.001)

for etanercept, 28.4 and 19.0 (p < 0.001) for infliximab, and

26.9 and 17.0 (p = 0.0513) for adalimumab.

Predictors of discontinuation with first-course anti-TNF

therapy. The results of a univariable analysis of predictors of

first-course anti-TNF discontinuation are shown in Table 3.

Overall, white race (HR 0.71, 95% CI 0.52–0.97, p = 0.033)

was associated with significantly lower etanercept discon-

tinuation, and increased number of comorbidities (HR 1.21,

95% CI 1.00–1.47, p = 0.045) was associated with signifi-

cantly higher etanercept discontinuation. Increased age (HR

0.99, 95% CI 0.98–1.00, p = 0.002) was associated with sig-
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Table 1. Patient demographics and baseline disease characteristics. Values are mean (SD) unless otherwise

 specified.

Characteristic Etanercept, Infliximab, Adalimumab, p

n = 694 n = 1427 n = 297

Women, n (%) 551 (79) 1108 (78) 222 (75) 0.2667

White, n (%) 586 (84) 1172 (82) 242 (82) 0.3503

Age at baseline, yrs 50 (12) 57 (14) 53 (12) < 0.0001

Age at disease onset, yrs 43 (13) 48 (15) 46 (14) < 0.0001

Disease duration, yrs 7.4 (8.4) 9.5 (9.9) 7.3 (9.0) < 0.0001

Disease severity, n (%)

Mild (2.8 < CDAI ≤ 10) 18 (3) 37 (3) 13 (5) 0.2327

Moderate (10 < CDAI ≤ 22) 135 (20) 222 (16) 63 (22) 0.0159

Severe (CDAI > 22) 519 (77) 1126 (81) 215 (74) 0.0058

Rheumatoid factor-positive, n (%) 496 (78) 1030 (79) 224 (81) 0.6684

Concomitant DMARD, n (%) 473 (68) 1108 (78) 139 (47) < 0.0001

Swollen joint count (28 joints assessed) 11.1 (7.3) 12.1 (7.5) 11.4 (7.9) 0.0186

Tender joint count (28 joints assessed) 12.9 (8.3) 13.8 (8.6) 12.7 (8.5) 0.0291

HAQ score 1.3 (0.7) 1.4 (0.7) 1.3 (0.7) < 0.0001

Pain VAS score 5.9 (2.5) 6.2 (2.4) 6.1 (2.4) 0.0805

Physician global assessment 6.0 (1.9) 6.3 (1.8) 5.8 (1.9) < 0.0001

Patient global assessment 6.0 (2.3) 6.2 (2.3) 5.9 (2.3) 0.0635

CDAI: Clinical Disease Activity Index; DMARD: disease-modifying antirheumatic drug; HAQ: Health

Assessment Questionnaire; VAS: visual analog scale.

Table 2. Persistence with first-course and second-course anti-tumor necrosis factor therapy.

Etanercept Infliximab Adalimumab

Time to Discontinuation, mo Time to Discontinuation, mo Time to Discontinuation, mo

First course 0 12 24 36 48 54 0 12 24 36 48 54 0 12 24 36 42

No. patients 694 456 337 261 151 95 1427 900 686 519 371 268 297 201 133 71 40

Persistence, % 100 78 66 61 53 51 100 76 65 58 51 48 100 80 65 52 48

Discontinuation, % 0 22 34 39 47 49 0 24 35 42 49 52 0 20 35 48 52

Adverse events 0 6 10 12 13 14 0 10 14 18 21 22 0 5 9 13 17

Ineffectiveness 0 8 12 15 19 19 0 7 11 13 16 19 0 9 15 19 20

Second course 0 12 24 36 0 12 24 36 0 12 24 30

No. patients 248 139 90 62 130 73 39 24 277 145 82 57

Persistence, % 100 74 59 56 100 77 59 50 100 69 52 46

Discontinuation, % 0 26 41 44 0 23 41 50 0 31 48 54
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nificantly lower infliximab discontinuation, and female sex

(HR 1.24, 95% CI 1.01–1.51, p = 0.040) and disease sever-

ity (CDAI > 22; HR 1.35, 95% CI 1.08–1.69, p = 0.009)

were associated with significantly higher infliximab discon-

tinuation. For discontinuations resulting from AE, female

sex (HR 2.27, 95% CI 1.03–4.98, p = 0.041) was associated

with significantly higher etanercept discontinuation, and

increased number of comorbidities (HR 1.24, 95% CI

1.04–1.48, p = 0.017) was associated with significantly

higher infliximab discontinuation. For discontinuations

resulting from ineffectiveness, increased age (HR 0.98, 95%

CI 0.96–0.99, p < 0.0001) and Medicare insurance (HR

0.71, 95% CI 0.51–1.00, p = 0.050) were associated with a

significantly lower infliximab discontinuation, and disease

severity (CDAI > 22; HR 1.82, 95% CI 1.12–2.94, p =

0.015) was associated with significantly higher infliximab

discontinuation. None of the assessed variables were asso-

ciated with first-course adalimumab discontinuation in uni-

variable models.

An ad hoc univariable analysis adjusting for concomitant

MTX was conducted (Table 4). The results were similar to

those without the adjustment for concomitant MTX (Table

3). The number of comorbidities and white race for any dis-

continuation with etanercept and Medicare use for discon-

tinuation for ineffectiveness with infliximab were not statis-

tically significant. Additionally, age (any discontinuation)

and disease duration (discontinuation for ineffectiveness)

assume statistical significance for infliximab.

Because patients in the infliximab group were older at

baseline compared with the other groups, an ad hoc univari-

able analysis was performed on the infliximab group that

excluded patients enrolled in Medicare at baseline. Disease
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Figure 1. A. Kaplan-Meier plot shows time to discontinuation of each

first-course anti-TNF therapy. B. Percentage of patients who discontinued

as a result of adverse events was significantly lower (p = 0.0006, log-rank

test) for patients who received etanercept compared with those who

received infliximab. C. Patients who received etanercept and infliximab

had discontinuation rates due to ineffectiveness of 19% each at 54 months,

and patients who received adalimumab had a discontinuation rate due to

ineffectiveness of 20% at 42 months.

Figure 2. Kaplan-Meier plot shows time to discontinuation of second-course

therapy. 
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duration was associated with minimally higher discontinua-

tion due to AE (HR 1.02, 95% CI 1.00–1.04, p = 0.027), and

increased age (HR 0.98, 95% CI 0.96–0.99, p = 0.003) and

disease duration (HR 0.96, 95% CI 0.93–0.99, 

p = 0.007) were associated with significantly lower discon-

tinuation for ineffectiveness. These results are largely simi-

lar to those seen in the full analysis.

Overall, white race (HR 0.68, 95% CI 0.49–0.95, p =

0.022) was associated with significantly lower etanercept

discontinuation (multivariable analysis data not shown).

Increased age (HR 0.99, 95% CI 0.98–0.99, p = 0.0002) was

associated with significantly lower infliximab discontinua-

tion, and disease severity (CDAI > 22; HR 1.33, 95% CI

1.06–1.68, p = 0.016) was associated with significantly

higher infliximab discontinuation. For discontinuations

resulting from AE, female sex (HR 2.62, 95% CI 1.13–6.11,

p = 0.025) was associated with significantly higher etaner-

cept discontinuation, and increased number of comorbidities

(HR 1.22, 95% CI 1.01–1.47, p = 0.041) was associated

with significantly higher infliximab discontinuation. For

discontinuations resulting from ineffectiveness, increased

age (HR 0.97, 95% CI 0.96–0.98, p < 0.0001) was associat-

ed with significantly lower infliximab discontinuation,

whereas disease severity (CDAI > 22; HR 1.75, 95% CI

1.08–2.85, p = 0.024) was associated with significantly

higher infliximab discontinuation. None of the assessed

variables were associated with first-course adalimumab dis-

continuation in multivariable models.

Results from an ad hoc multivariable analysis (data not

shown) adjusting for concomitant MTX were similar to

those without the adjustment. An ad hoc multivariable

analysis was conducted for the infliximab group excluding
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Table 3. Univariable analysis of first-course anti-tumor necrosis factor therapy discontinuation. Values are hazard ratio (95% CI).

Etanercept Infliximab Adalimumab

Reason for Discontinuation Reason for Discontinuation Reason for Discontinuation

Variable Any Adverse Inefficacy Any Adverse Inefficacy Any Adverse Inefficacy

Events Events Events

Demographic variables

Age 1.00 0.99 1.00 0.99 1.00 0.98 1.00 1.01 0.99

(0.99–1.01) (0.97–1.01) (0.98–1.02) (0.98–1.00) (0.99–1.01) (0.96–0.99) (0.98–1.02) (0.98–1.05) (0.96–1.01)

p = 0.924 p = 0.461 p = 0.861 p = 0.002 p = 0.383 p < 0.0001 p = 0.926 p = 0.481 p = 0.341

Female sex 1.30 2.27 1.22 1.24 1.23 1.26 1.08 3.06 0.68

(0.95–1.78) (1.03–4.98) (0.71–2.10) (1.01–1.51) (0.88–1.71) (0.85–1.86) (0.70–1.64) (0.93–10.06) (0.35–1.32)

p = 0.101 p = 0.041 p = 0.480 p = 0.040 p = 0.231 p = 0.256 p = 0.738 p = 0.066 p = 0.257

White 0.71 0.84 0.62 0.85 0.89 0.94 1.34 1.89 3.93

(0.52–0.97) (0.43–1.64) (0.36–1.05) (0.69–1.04) (0.63–1.25) (0.62–1.43) (0.79–2.26) (0.57–6.23) (0.95–16.3)

p = 0.033 p = 0.602 p = 0.073 p = 0.109 p = 0.485 p = 0.773 p = 0.280 p = 0.295 p = 0.059

No. comorbidities 1.21 1.28 1.16 1.06 1.24 0.99 1.15 1.32 1.28

(1.00–1.47) (0.88–1.86) (0.82–1.64) (0.94–1.19) (1.04–1.48) (0.78–1.27) (0.86–1.55) (0.77–2.26) (0.79–2.06)

p = 0.045 p = 0.203 p = 0.395 p = 0.350 p = 0.017 p = 0.953 p = 0.340 p = 0.319 p = 0.312

Disease variables

Disease severity 1.10 0.98 1.55 1.35 1.36 1.82 1.21 1.93 0.88

(CDAI > 22) (0.83–1.46) (0.56–1.74) (0.89–2.72) (1.08–1.69) (0.94–1.98) (1.12–2.94) (0.79–1.85) (0.74–5.02) (0.45–1.73)

p = 0.511 p = 0.955 p = 0.123 p = 0.009 p = 0.102 p = 0.015 p = 0.372 p = 0.179 p = 0.708

Disease duration 1.00 1.01 0.97 1.00 1.01 0.98 1.01 1.00 1.00

(0.98–1.01) (0.98–1.04) (0.94–1.00) (0.99–1.01) (1.00–1.02) (0.97–1.00) (0.99–1.03) (0.97–1.04) (0.97–1.04)

p = 0.629 p = 0.605 p = 0.065 p = 0.949 p = 0.105 p = 0.058 p = 0.430 p = 0.898 p = 0.837

Medicare 1.30 1.10 1.39 0.89 1.10 0.71 1.07 1.53 0.82

(0.95–1.77) (0.56–2.16) (0.81–2.40) (0.76–1.05) (0.84–1.45) (0.51–1.00) (0.71–1.59) (0.73–3.20) (0.39–1.71)

p = 0.104 p = 0.786 p = 0.233 p = 0.175 p = 0.475 p = 0.050 p = 0.757 p = 0.257 p = 0.590

Employment status 0.94 1.05 0.95 1.13 1.10 1.28 1.15 0.83 1.91

(employed) (0.74–1.21) (0.63–1.76) (0.61–1.47) (0.96–1.34) (0.83–1.45) (0.93–1.77) (0.80–1.65) (0.40–1.72) (0.99–3.68)

p = 0.636 p = 0.848 p = 0.821 p = 0.139 p = 0.510 p = 0.137 p = 0.459 p = 0.620 p = 0.054

Rheumatoid 1.35 0.93 1.58 0.97 1.12 0.87 0.82 1.03 0.75

factor-positive (0.98–1.86) (0.52–1.67) (0.87–2.86) (0.79–1.19) (0.79–1.60) (0.59–1.28) (0.52–1.27) (0.39–2.71) (0.35–1.59)

p = 0.067 p = 0.811 p = 0.134 p = 0.750 p = 0.525 p = 0.483 p = 0.371 p = 0.960 p = 0.454

Prednisone use 1.06 0.76 1.26 1.12 1.12 1.21 1.26 1.60 1.11

at baseline (0.84–1.35) (0.46–1.24) (0.81–1.94) (0.95–1.32) (0.85–1.48) (0.87–1.68) (0.87–1.82) (0.75–3.39) (0.59–2.09)

p = 0.619 p = 0.272 p = 0.304 p = 0.185 p = 0.419 p = 0.255 p = 0.228 p = 0.225 p = 0.750

HAQ > 0.5 1.28 1.08 0.96 0.88 0.81 1.03 1.08 2.21 0.77

(0.93–1.76) (0.58–2.03) (0.57–1.62) (0.70–1.11) (0.56–1.18) (0.64–1.67) (0.68–1.74) (0.67–7.28) (0.37–1.62)

p = 0.134 p = 0.809 p = 0.880 p = 0.280 p = 0.271 p = 0.901 p = 0.740 p = 0.193 p = 0.488

CDAI: Clinical Disease Activity Index; HAQ: Health Assessment Questionnaire.
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patients enrolled in Medicare as described above for the uni-

variable analysis. Younger age remained a significant pre-

dictor of persistence overall (HR 0.98, 95% CI 0.97–0.99, 

p = 0.0007), and increased disease duration (HR 1.02, 95%

CI 1.01–1.04, p = 0.013) and employment status (employed;

HR 1.53, 95% CI 1.03–2.28, p = 0.034) were significant

predictors of discontinuation due to AE; and age (HR 0.97,

95% CI 0.96–0.99, p = 0.004) and disease duration (HR

0.97, 95% CI 0.94–1.00, p = 0.025) were significant predic-

tors of discontinuation due to ineffectiveness.

Persistence with second-course anti-TNF therapy. Rates of

persistence and discontinuation during second-course

anti-TNF therapy are shown in Table 2, and a Kaplan-Meier

plot of time to discontinuation of second-course therapy in

Figure 2. In all cases there was an observed decrease in

 second-course versus first-course persistence rates. The

largest decrease was for adalimumab (52% vs 65% at 24

mo), followed by infliximab (50% vs 58% at 36 mo) and

etanercept (56% vs 61% at 36 mo).

It is important to note that the number of evaluable

patients for etanercept and infliximab during second-course

anti-TNF therapy was smaller than the group analyzed for

first-course anti-TNF therapy [etanercept, n = 248 for

 second-course therapy vs n = 694 for first-course therapy;

infliximab, n = 130 for second-course therapy vs n = 1427

for first-course therapy; the number of evaluable patients for

adalimumab was similar for second- and first-course thera-

py (n = 277 vs 297)]. Thus, defining predictors of discon-

tinuation in second-course anti-TNF therapy was less pow-

ered due to the small number of patients for the second
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Table 4. Univariable analysis of first-course anti-tumor necrosis factor therapy discontinuation adjusted for concomitant methotrexate use. Values are hazard

ratio (95% CI).

Etanercept Infliximab Adalimumab

Reason for Discontinuation Reason for Discontinuation Reason for Discontinuation

Variable Any Adverse Inefficacy Any Adverse Inefficacy Any Adverse Inefficacy

Events Events Events

Demographic variables

Age 1.00 0.99 1.00 0.99 1.00 0.98 1.00 1.02 0.99

(0.99–1.01) (0.97–1.01) (0.98–1.02) (0.98–1.00) (0.99–1.01) (0.97–0.99) (0.99–1.02) (0.99–1.05) (0.96–1.01)

p = 0.885 p = 0.402 p = 0.921 p = 0.003 p = 0.636 p = 0.0001 p = 0.969 p = 0.346 p = 0.336

Female sex 1.31 2.24 1.12 1.25 1.21 1.20 1.04 3.12 0.63

(0.96–1.79) (1.02–4.92) (0.65–1.93) (1.02–1.53) (0.87–1.69) (0.81–1.78) (0.68–1.60) (0.95–10.27) (0.32–1.22)

p =0.091 p = 0.044 p = 0.680 p = 0.031 p = 0.265 p = 0.368 p = 0.842 p = 0.061 p = 0.169

White 0.75 0.98 0.67 0.85 0.90 0.99 1.36 1.86 4.06

(0.55–1.03) (0.50–1.93) (0.39–1.14) (0.69–1.04) (0.64–1.27) (0.66–1.50) (0.80–2.31) (0.57–6.13) (0.98–16.85)

p = 0.072 p = 0.96 p = 0.138 p = 0.122 p = 0.561 p = 0.97 p = 0.251 p = 0.307 p = 0.053

No. comorbidities 1.19 1.18 1.13 1.06 1.25 0.97 1.10 1.28 1.21

(0.98–1.44) (0.80–1.75) (0.80–1.61) (0.94–1.19) (1.04–1.50) (0.76–1.23) (0.82–1.48) (0.75–2.19) (0.75–1.96)

p = 0.075 p = 0.394 p = 0.478 p = 0.380 p = 0.016 p = 0.797 p = 0.526 p = 0.372 p = 0.430

Disease variables

Disease severity 1.16 1.00 1.52 1.34 1.28 1.72 1.28 1.89 0.84

(CDAI > 22) (0.87–1.54) (0.56–1.77) (0.87–2.67) (1.07–1.67) (0.89–1.86) (1.06–2.78) (0.84–1.96) (0.73–4.93) (0.43–1.67)

p = 0.324 p = 0.996 p = 0.145 p = 0.011 p = 0.189 p = 0.027 p = 0.259 p = 0.193 p = 0.625

Disease duration 1.00 1.01 0.97 1.00 1.01 0.98 1.00 1.00 1.00

(0.98–1.01) (0.98–1.03) (0.94–1.00) (0.99–1.01) (1.00–1.02) (0.96–1.00) (0.98–1.02) (0.96–1.04) (0.97–1.03)

p = 0.415 p = 0.749 p = 0.055 p = 0.753 p = 0.140 p = 0.045 p = 0.740 p = 0.945 p = 0.987

Medicare 1.29 0.98 1.41 0.89 1.17 0.74 0.98 1.53 0.74

(0.94–1.76) (0.50–1.93) (0.82–2.44) (0.76–1.06) (0.89–1.53) (0.53–1.03) (0.65–1.47) (0.73–3.22) (0.35–1.57)

p = 0.114 p = 0.958 p = 0.214 p = 0.185 p = 0.266 p = 0.075 p = 0.919 p = 0.264 p = 0.43

Employment status 0.95 1.15 0.95 1.14 1.07 1.24 1.16 0.75 1.85

(employed) (0.75–1.22) (0.69–1.93) (0.61–1.48) (0.97–1.35) (0.81–1.41) (0.90–1.72) (0.81–1.67) (0.37–1.56) (0.96–3.56)

p = 0.712 p = 0.597 p = 0.829 p = 0.120 p = 0.619 p = 0.192 p = 0.417 p = 0.445 p = 0.066

Rheumatoid 1.31 0.83 1.51 0.95 1.15 0.89 0.78 1.11 0.70

factor-positive (0.95–1.80) (0.46–1.49) (0.83–2.74) (0.77–1.17) (0.81–1.63) (0.61–1.32) (0.51–1.23) (0.42–2.95) (0.33–1.49)

p = 0.103 p = 0.536 p = 0.174 p = 0.631 p = 0.449 p = 0.571 p = 0.286 p = 0.832 p = 0.358

Prednisone use 1.08 0.74 1.24 1.12 1.11 1.20 1.20 1.42 0.99

at baseline (0.85–1.37) (0.45–1.21) (0.81–1.92) (0.95–1.33) (0.84–1.46) (0.86–1.66) (0.83–1.74) (0.67–3.02) (0.52–1.86)

p = 0.541 p = 0.224 p = 0.326 p = 0.170 p = 0.475 p = 0.286 p = 0.344 p = 0.363 p = 0.965

HAQ > 0.5 1.28 1.00 0.87 0.89 0.84 1.07 1.15 2.23 0.81

(0.93–1.76) (0.54–1.88) (0.52–1.47) (0.70–1.12) (0.58–1.22) (0.66–1.73) (0.72–1.84) (0.68–7.36) (0.39–1.71)

p = 0.136 p = 0.991 p = 0.609 p = 0.301 p = 0.356 p = 0.781 p = 0.571 p = 0.187 p = 0.580

CDAI: Clinical Disease Activity Index; HAQ: Health Assessment Questionnaire.
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course. An increased number of comorbidities was

 associated with significantly increased discontinuation of

second-course etanercept by both univariable (HR 1.40,

95% CI 1.08–1.82, p = 0.011) and multivariable (HR 1.43,

95% CI 1.10–1.87, p = 0.008) analyses (data not shown). In

addition, by both univariable (HR 2.13, 95% CI 1.20–3.79,

p = 0.010) and multivariable (HR 2.48, 95% CI 1.31–4.68,

p = 0.005) analyses, a HAQ score > 0.5 was significantly

 associated with increased second-course adalimumab

 discontinuation.

DISCUSSION

This longterm retrospective study of anti-TNF persistence in

the treatment of RA in the US showed that overall,

first-course persistence was similar between etanercept,

infliximab, and adalimumab groups. Second-course therapy

persistence was also broadly similar among therapies. The

percentages of patients discontinuing first-course therapy as

a result of ineffectiveness were similar in the etanercept,

infliximab, and adalimumab groups; however, discontinua-

tion due to adverse events was significantly lower in the

etanercept group compared with the infliximab group.

First-course drug discontinuation was predicted by an

increased number of comorbidities (etanercept group),

female sex (infliximab group), and disease severity (CDAI

> 22, infliximab group), whereas treatment persistence was

predicted by white race (etanercept group) and increased

age (infliximab group). An exploratory analysis showed that

CDAI scores in the infliximab and etanercept groups at dis-

continuation were significantly higher in those who discon-

tinued than in those who persisted, providing further support

that disease control is an important aspect of treatment per-

sistence. An ad hoc analysis showed that these results were

similar after adjustment for concomitant MTX use. No

adjustment was made for multiple testing in this explorato-

ry analysis. Second-course drug discontinuation rates were

significantly higher among patients with an increased num-

ber of comorbidities (etanercept group) and those with a

HAQ score > 0.5 (adalimumab group).

Previous studies analyzed persistence rates and predic-

tors of drug discontinuation in patients with RA treated with

anti-TNF therapies with variable results. In a Swiss obser-

vational cohort of patients with RA (N = 2364) treated with

at least 1 course of anti-TNF therapy from 1997 to 2006,

discontinuation rate was significantly higher among patients

treated with infliximab compared with those treated with

etanercept or adalimumab22. The rate of discontinuation due

to an AE (especially infusion reaction or systemic allergic

reaction) was significantly higher with infliximab compared

with etanercept or adalimumab, and largely accounted for

difference in overall discontinuation rates between the 3

drugs. In contrast with the results from the Swiss observa-

tional cohort, a retrospective analysis of data from US insur-

ance claims databases of patients with RA (N = 9074) initi-

ating first-course anti-TNF therapy from 2000 to 2005

found that persistence was greater with infliximab treatment

compared with that of etanercept and adalimumab21. In a

retrospective analysis of US Department of Veterans Affairs

(VA) medical records from 1999 to 2007, 47% of the 212

RA patients identified had switched or stopped their first

anti-TNF therapy23. Similar to our results, disease activity

scores including 28-joint count and HAQ scores were sig-

nificant predictors of anti-TNF discontinuation or switching

in the VA study23. Results from a retrospective analysis of

records from patients from 2 Dutch RA registries

(1997–2006 and 2003–2007) who discontinued first-course

anti-TNF therapy as a result of inefficacy or AE suggested

that second-course anti-TNF therapy may still demonstrate

efficacy independently of prior discontinuations24.

Our study showed some differences in discontinuation

and predictors of discontinuation among the anti-TNF treat-

ments etanercept, infliximab, and adalimumab. One poten-

tial explanation for these differences is that time on RA

treatment (and toxicity and efficacy associated with treat-

ment) could vary before enrollment; these differences in

previous RA therapy could affect response and discontinua-

tion rates of treatments during this study. In addition, in a

US insurance claims database analysis, higher out-of-pock-

et cost of treatment was associated with discontinuation of

therapy during the first year of newly initiated treatment

with etanercept and adalimumab in patients with RA28.

Further, an analysis of claims from a US managed-health-

care plan for the year 2005 showed slightly higher discon-

tinuation among RA patients who received adalimumab (n =

1292) compared to those taking etanercept (n = 2537)29. The

authors suggested that patients receiving etanercept were

more likely to adhere to their medication regimen compared

with patients receiving adalimumab because pharmacy- and

RA-related costs were significantly lower among patients

who received etanercept29. Thus, differences in patient base-

line characteristics and costs related to individual treatments

at the time of this study could help explain the variations in

discontinuation rates and predictors of discontinuation

among anti-TNF agents observed in this study.

Although clinical trials can reveal the safety and efficacy

of a drug, they generally do so using a rigorously defined

group of patients with low rates of comorbidities who

respond well to treatment over a limited length of time. Our

study was a large patient cohort representative of the gener-

al population that reflected real-world persistence with anti-

TNF treatments for RA. Patients in this study included those

with varying comorbidities and disease severity as well as

patients who were naive to anti-TNF therapy, patients initi-

ating their second anti-TNF agent, and patients treated with

other DMARD. Other strengths of the RADIUS study were

its longterm (5-year) followup and the generalizability of

the results. Potential limitations of this study include a lack

of randomization and patient groups that were not balanced
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with respect to sample size, both of which could influence

the significance of the statistical tests. For example, patients

in the infliximab group tended to be older and have more

severe disease (options were limited for older patients

because Medicare reimbursement was favorable for inflix-

imab infusions over subcutaneous self-administration of

etanercept or adalimumab), which might account for the

higher discontinuations due to AE in this group. However,

analyses excluding Medicare patients from the infliximab

group were generally consistent with those observed in

analyses without this adjustment. In addition, large sample

sizes in this study result in statistical significance of com-

parisons, but the clinical relevance of these comparisons is

less clear. Additional limitations are potential selection bias-

es due to enrollment of patients in need of new therapy,

which by definition excludes patients with successful man-

agement of RA, and biases due to availability of biologics.

At the beginning of the study, supplies of etanercept were

low and adalimumab had not yet been approved for the

treatment of RA by the US Food and Drug Administration.

This analysis demonstrated that the overall treatment per-

sistence with first- and second-course anti-TNF therapies

was similar for patients receiving etanercept, infliximab,

and adalimumab. In agreement with other studies, adverse

events and inefficacy were prominent reasons for discontin-

uation. Rates of discontinuation as a result of AE were sig-

nificantly lower among patients treated with etanercept

compared with infliximab but were similar between patients

treated with etanercept and adalimumab. Patients in the

infliximab group may have been at higher risk for AE

because they were older, had longer disease duration,

received more concomitant DMARD, and had higher dis-

ease activity at baseline compared with patients in the other

groups. Our results suggest that an increased number of

comorbidities (etanercept group), female sex (infliximab

group), and increased disease severity (infliximab group)

could predict discontinuation during first-course treatment,

whereas second-course treatment discontinuation was pre-

dicted by an increased number of comorbidities (etanercept

group) and a HAQ score > 0.5 (adalimumab group) in

patients with RA.
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