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Maintenance of Sustained Low Disease Activity or Remission 
in Patients With Rheumatoid Arthritis Treated With 
Etanercept Monotherapy: Results from the Corrona Registry
Dimitrios A. Pappas,1  Ying Shan,2 Tamara Lesperance,3 Greg Kricorian,4 Elaine Karis,4 Sabrina Rebello,2 
Winnie Hua,2 Neil A. Accortt,4 and Scott Stryker4

Objective. The purpose of this study was to evaluate maintenance of remission/low disease activity (LDA) in 
patients with rheumatoid arthritis (RA) who achieved remission/LDA with etanercept (ETN) plus a conventional 
synthetic disease-modifying antirheumatic drug (csDMARD) and to compare patients who discontinued csDMARD 
to receive ETN monotherapy (Mono) with those remaining on combination therapy (Combo).

Methods. Patients from the Corrona RA registry between October 1, 2001, and August 31, 2017, were eligible. 
The index date for the Mono cohort was the csDMARD discontinuation date; the index visit for the Combo cohort was 
estimated from time between ETN initiation and csDMARD discontinuation in the Mono cohort. The main outcome 
calculated was maintenance of remission/LDA. Patients were censored if they switched to or added a biologic 
DMARD, discontinued ETN, when a csDMARD was reintroduced (Mono), or if methotrexate increased more than 
5 mg/d (Combo). Trimming was used to balance demographic and clinical characteristics between groups. Cox 
regression models were adjusted for the remaining differences across groups.

Results. We identified 182 Mono and 403 Combo patients; 120 Mono and 207 Combo patients remained after 
trimming. Most patients (approximately 80%) were biologic medication–naive before initiating ETN. At 24 months 
postindex, modeled percentages of patients remaining in remission/LDA were 75% for Mono and 86% for Combo 
(overall adjusted P = 0.057). More patients were censored for therapy change in Mono than in Combo groups (37% 
versus 5%), largely due to reintroduction of csDMARDs in the Mono group.

Conclusion. Many patients with RA who achieved remission/LDA on combination therapy maintained remission/
LDA with ETN monotherapy for 2 years after csDMARD discontinuation. ETN monotherapy may be a viable option for 
patients who discontinue csDMARDs after achieving LDA/remission.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune 
disease that is characterized by inflammation of diarthrodial joints 

that, if not treated, can lead to joint destruction and disability (1). 
RA affects 1% of the population, has an annual incidence of 41 
cases per 100 000 persons in the United States, and is estimated 
to affect approximately 1.5 million adults (2). RA significantly 
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impacts health care systems because of its high prevalence and 
associated long-term disability (3).

The discovery of biologic agents that target mediators of RA 
pathogenesis made the achievement of remission or low disease 
activity (LDA) a realistic goal for treat-to-target strategies as rec-
ommended by the American College of Rheumatology (ACR) (4) 
and the European League Against Rheumatism (EULAR) (5). The 
first biologic to receive approval for the treatment of RA, etaner-
cept (ETN), is a dimeric fusion protein consisting of the extracellular 
ligand-binding portion of the human 75-kilodalton tumor necrosis 
factor receptor linked to the Fc portion of human immunoglobulin 
G1, which is indicated for the treatment of moderate to severe 
RA (6). In pivotal, randomized controlled trials, ETN was shown to 
provide rapid, significant, and sustained benefit to patients with 
RA as monotherapy (7), in combination with methotrexate (MTX) 
(8), and in patients with early RA (9) or long-standing RA (10). Data 
from RA registries have confirmed the effectiveness of ETN for the 
treatment of RA in real-world practice (11-14).

Most frequently, the initial therapy for RA is conventional syn-
thetic disease-modifying antirheumatic drugs (csDMARDs), and 
if the disease is not controlled, a biologic DMARD (bDMARD) is 
added. However, patient medication adherence may be com-
promised by the use of multiple therapies (15), and adverse 
events may hamper therapy success. Thus, the option of mono-
therapy with bDMARDs has attracted considerable research inter-
est (16). The efficacy of monotherapy with RA medications has 
typically been investigated by analyzing patients who initiate a bio-
logic as combination therapy with methotrexate and then discon-
tinue methotrexate (see for example, COMET study design) (17). 
Questions remain as to whether monotherapy is a viable option 
after achieving remission/LDA on combination therapy with a 
bDMARD + csDMARD. For patients in sustained remission, ACR 
(4) and EULAR (5) guidelines recommend against discontinuation 
of all RA medications and suggest tapering medications but pro-
vide no guidance as to how this should be done.

The objective of this study is to compare the maintenance 
of remission/LDA among patients who first achieved remission/
LDA while on ETN + csDMARD combination therapy and then 
either discontinued the csDMARD to receive ETN monotherapy or 
continued on combination therapy. The study was based on data 
from the Corrona registry, representing real-world clinical practice 
in the United States.

PATIENTS AND METHODS

Data source. This was a retrospective cohort study based 
on data from the Corrona registry. The Corrona registry is an inde-
pendent, prospective, observational cohort of patients with RA. 
Patients are recruited from 174 private practices and academic 
sites with 712 participating rheumatologists across 41 US states. 
As of June 30, 2018, data for 49 162 patients with RA have been 
collected. The Corrona database includes information about 

373 064 patient visits and 173 389 patient-years of follow-up. 
The mean duration of patient follow-up is 4.4 years (median 3.3 
years). Information is collected in every registry visit from both the 
physician and the patient. Detailed medication history, disease 
activity, and patient-reported outcomes are available for analysis 
in intervals of approximately every 6 months.

All participating investigators were required to obtain 
full institutional review board (IRB) approval for conducting 
research involving human subjects. Sponsor approval and 
continuing review were obtained through a central IRB (New 
England Independent Review Board, NEIRB No. 120160610). 
For academic investigative sites that did not receive a waiver 
to use the central IRB, full board approval was obtained from 
the respective local governing IRBs, and documentation of 
approval was submitted to the sponsor before initiating any 
study procedures. All registry participants provided written 
informed consent before participation.

Patient eligibility. This study was based on data from the 
Corrona registry from October 1, 2001, through August 31, 2017. 
Eligible patients were adults (aged ≥18 years) with RA who initi-
ated ETN in combination with a csDMARD (ETN could be added 
to an existing csDMARD or could be started concurrently with a 
csDMARD). After initiation of combination therapy, patients had to 
achieve remission or LDA (Clinical Disease Activity Index [CDAI] 
score ≤10). Patients were categorized into two groups on the 
basis of changes in their therapy at a subsequent visit following 
the initial achievement of remission/LDA: patients who discontin-
ued the csDMARD and continued on ETN monotherapy were eli-
gible for inclusion in the monotherapy (Mono) group, and patients 
who continued on combination therapy were eligible for inclusion 
in the combination (Combo) group. There were no criteria for 
the length of time a patient was required to be in remission/LDA 
before discontinuation of the csDMARD.

Study design and statistical analysis. The index date 
was defined as the date that an eligible patient on ETN + csDMARD  
combination therapy with remission/LDA discontinued the  
csDMARD and continued on ETN monotherapy. Because 
the comparator Combo group could not have an index date 
defined in a similar way (ie, did not discontinue csDMARD ther-
apy), the index date was selected as the date that the patients 
in the Combo group were in remission/LDA. Patients in the 
Mono group were matched to patients in the Combo group on 
a 1:2 basis; for matched patients in the Combo group, their 
index data had a similar time interval from the ETN initiation 
visit as for the Mono group. Patients in both groups had to 
have one or more follow-up visit after the index date to be 
included in the analysis.

The intent of the analyses was to compare the maintenance 
of remission/LDA among patients changing to ETN monotherapy 
with those who remained on combination therapy. Two techniques 
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were used in sequence. First, patients in both Mono and Combo 
groups had to have similar exposure to their combination therapy 
regimen before the index date (Figure 1). Patients were matched 
without replacement using 3-month intervals of exposure. Sec-
ond, trimming of patients without overlapping regions of propen-
sity scores for both groups was used to balance differences in 
patient demographic and clinical characteristics at the index date, 
and for any variables considered to be of clinical importance. 
The propensity score construction included the following a pri-
ori selected variables: baseline CDAI score, duration of RA, and 
time in remission/LDA before index date in addition to the patient 
demographic (age, sex, race), body mass index (BMI), and clinical 
characteristics (alcohol use, rheumatoid factor status, history of 
diabetes, number of prior biologics, number of prior csDMARDs). 
No imputation for missing data was undertaken.

Maintenance of sustained remission/LDA was calculated 
for both groups and was compared. Cox regression was used 
to compare maintenance of remission/LDA between the Mono 
and Combo groups, overall, and at specific time points, adjusted 
for baseline CDAI score, time in remission/LDA before the index 
date, age, white race, BMI category, alcohol use, history of dia-
betes, number of previous biologics used, and number of previ-
ous csDMARDs used. Kaplan-Meier survival analysis was used 
to estimate the maintenance of remission/LDA for the patients on 
ETN monotherapy who had previous ETN combination therapy 
for more than 3 years and could not be matched.

Patients were censored if ETN was discontinued, if a 
 csDMARD was restarted in the Mono group, or if the MTX dose 
was increased by more than 5 mg/d in the Combo group. A dis-
ease activity increase to moderate or severe was considered a fail-
ure event for the main analysis of maintenance of remission/LDA.

RESULTS

Patients. A total of 585 eligible patients were identified, 
including 182 patients in the Mono group and 403 in the Combo 
group. After matching, performed on the basis of the duration of 
combination therapy before the index date, 137 patients in the 
Mono group and 234 in the Combo group remained in the anal-
ysis set; 54 patients (39.4%) in the Mono group and 96 patients 
(41.0%) in the Combo group were in remission at the index date, 
and the remainder had LDA. After propensity score trimming—
which adjusted for age, race (white), BMI categories, alcohol use, 
rheumatoid factor status, history of diabetes, number of prior bio-
logics, number of prior csDMARDs used, CDAI, duration of RA, 
and time in remission/LDA—120 patients in the Mono group and 
207 in the Combo group were included in the analyses.

The characteristics of patients after propensity score trim-
ming are shown in Table 1. For the Mono and Combo groups, 
respectively, the mean ages (SD) were 54.6 (12.6) years and 55.7 
(12.4) years, mean durations (SD) of RA were 8.2 (8.7) years and 
8.3 (8.6) years, mean CDAI scores (SD) were 4.2 (3.0) and 4.0 
(2.9), mean physician global assessment (PGA) scores (SD) were 
8.8 (8.5) and 8.5 (8.3), and current prednisone use was reported 
as 15.8% and 16.9%. Characteristics at the index visit were sim-
ilar between groups except for prednisone dose (standardized 
difference: 0.488), receipt of only MTX as the previous csDMARD 
(standardized difference: −0.775), and receipt of more than one 
previous non-MTX csDMARD (standardized difference: 0.821) 
(Table 1).

The mean (SD) duration of remission/LDA before stopping the 
csDMARD in the Mono group was 5.7 (7.0) months; in the matched 
Combo group, the mean duration of remission/LDA before the 

Figure 1. Study schema. Abbreviations: csDMARD, conventional synthetic disease-modifying antirheumatic drug; ETN, etanercept; LDA, low 
disease activity; RA, rheumatoid arthritis. *Time in remission/LDA prior to index visit at the discretion of the clinician.
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index date was 5.7 (6.6) months. Forty-five patients (25% of eligible 
patients) in the Mono group had more than 3 years of ETN exposure 
before their index date and could not be matched on the basis of 
time on combination therapy before the index date. These patients 
had been in remission/LDA for more than 3 years, were slightly older 
than the matched patients on ETN monotherapy (mean age 59.6 
versus 54.0 years), had a longer mean duration of RA (12.6 versus 
8.2 years), a lower mean CDAI score (3.1 versus 4.2), and a lower 
PGA score (6.7 versus 8.7). More unmatched patients than matched 
patients in the Mono group were in CDAI remission (55.6% versus 
39.4%). A higher percentage of unmatched patients had tested 
positive for anti–cyclic citrullinated peptide antibodies (85.0% versus 
53.6%) and for rheumatoid factor (85.7% versus 69.9%) compared 
with matched patients on ETN monotherapy. Fewer unmatched 
patients were receiving prednisone (6.7% versus 15.3%). Two 
patients (Mono group, one patient; Combo group, one patient) 
had their prednisone dose increased by 5 mg or more between 
the index date and the censor date; 13 patients (Mono group, 6 
patients; Combo group, 7 patients) had prednisone added to their 
treatment regimen. There was no statistically significant difference 
in the change in prednisone use between the groups (P = 0.412).

Maintenance of remission/LDA. Maintenance of remis-
sion/LDA is shown in Table 2. At 24 months postindex, the per-
centages of patients remaining in remission/LDA were 75% for 
Mono and 86% for Combo (overall adjusted hazard ratio [95% 

CI] for the Combo group versus the Mono group, 0.635 [0.399, 
1.013], P = 0.057). No other variables (ie, 10-year age categories, 
sex, race [white], prior csDMARD therapy) were associated with a 
significant increase in hazard ratios in Cox regression analysis. The 
distribution of reasons for censoring over the 24 months postin-
dex is shown in Table 3. More patients were censored in the Mono 
group than in the Combo group.

As mentioned above, we also investigated the 45 patients 
who could not be matched because of their long duration of 
combination therapy before the index date. The estimated per-
centages of these 45 patients who remained in remission/LDA 
were 92% at 6 months and 79% at 12 months, 18 months, and 
24 months postindex.

Across all patients, 120 (52.4%) were in remission at the end 
of the study period.

DISCUSSION

In our study, we investigated the maintenance of remission/
LDA in patients who switched from ETN combination therapy to 
ETN monotherapy after LDA was achieved. We found that it was 
not significantly different compared with continuation of ETN + 
csDMARD (most commonly MTX) combination therapy.

Although bDMARDs are recommended for use as combina-
tion therapy with csDMARDs, studies have consistently shown 
that approximately 30% of patients with RA are prescribed 
bDMARDs as monotherapy in the real world (16,18,19). Many 
patients do not tolerate symptoms related to csDMARD therapy, 
and many are nonadherent. In a recent survey of patients with RA, 
42% of respondents indicated that they had not taken their MTX 
in accordance with physician instructions, including not taking 
the drug at all, taking smaller doses than prescribed, or skipping 
doses (20); reasons for nonadherence included forgetting to take 
it (33%), not needing it when feeling well (24%), and concerns 
about long-term safety (24%).

Patients who do well on combination therapy and achieve 
remission/LDA pose a challenge regarding how best to manage 
therapies and maintain remission/LDA. The level of evidence is 
low for strategies to maintain disease control in patients with RA 

TABLE 2. Maintenance of time in remission/LDAa

Time After 
Index Date

ETN 
Mono Group 

(n = 120)

ETN + csDMARD 
Combo Group 

(n = 207)
6 mo 106 (88) 199 (96)
12 mo 92 (77) 190 (92)
18 mo 90 (75) 184 (89)
24 mo 90 (75) 178 (86)

Note. Values are presented as n (%).
Abbreviations: CCP, cyclic citrullinated peptide; csDMARD, 
conventional synthetic disease-modifying antirheumatic drug; ETN, 
etanercept; LDA, low disease activity.
a Models were adjusted for sex, race, age group, insurance type,  
anti-CCP antibody status, and previous csDMARD use. 

TABLE 3. Distribution of censoring at 24 months of follow-up

ETN  
Mono Group 

(n = 120)

ETN + csDMARD 
Combo Group 

(n = 207)
Total 

(N = 327)
Remaining 40 (33.3) 148 (71.5) 188 (57.5)
Censor reason

Discontinued/switched 11 (9.2) 1 (0.5) 12 (3.7)
Added csDMARD 33 (27.5) 5 (2.4) 38 (11.6)
Increased MTX dose 0 5 (2.4) 5 (1.5)
Lost LDA (event) 36 (30.0) 48 (23.2) 84 (25.7)

Note. Values are presented as n (%).
Abbreviations: csDMARD, conventional synthetic disease-modifying antirheumatic drug; ETN, 
etanercept; LDA, low disease activity; MTX, methotrexate.
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who have achieved LDA or remission. For patients in sustained 
remission, ACR (2015 recommendations) (4) and EULAR (2016 
recommendations) (5) allow cautious tapering of current medica-
tions but not discontinuation of all RA medications.

Our study sheds new light on the management of such 
patients. On the basis of our results, patients who achieve LDA 
on ETN combination therapy may experience a similar duration 
of maintenance of disease control with the patients who continue 
combination therapy; indeed, there was a statistically nonsignifi-
cant difference in persistency of remission/LDA between patients 
who stayed on combination therapy and those who went on to 
ETN monotherapy. However, more patients on ETN monotherapy 
were censored compared with those on combination. This sug-
gests that there may be a subset of patients for whom switching 
to monotherapy can still maintain disease control achieved with 
combination.

A strength of the study was the use of real-world data within 
one of the largest RA registries in the world with systematic and 
frequent collection of disease activity, patient-reported outcomes, 
and medication changes. The large number of patients in the reg-
istry allowed for robust matching techniques that reduce biases 
while maintaining adequate sample sizes.

A limitation of our analysis lies with the nature of any observa-
tional study in the context of a registry. Generalizability and resid-
ual biases are of concern. Regarding generalizability, Corrona is 
a large registry that enrolls patients across the United States in 
both rural and urban areas from both academic and private prac-
tices. There are no exclusion criteria that would eliminate patients 
on the basis of any characteristics. In fact, an analysis compar-
ing Corrona-enrolled patients with the general RA population did 
not find any differences that would threaten generalizability (21). 
Furthermore, as with any observational registry study, there are 
some data we cannot capture. For example, we could not capture 
disease activity at the time of discontinuation when it occurred 
between visits; this means we may have underestimated failure 
events in those who discontinued.

These results should be interpreted with appreciation of 
the study limitations. Interpretation of this analysis is limited to 
the characteristics describing the matched data sets. We did 
not specify a minimum duration in remission/LDA before fol-
low-up began, although there was wide variation in therapy 
before patients transitioned to monotherapy. The maintenance 
of LDA was also not statistically different between the Mono and 
Combo groups, although a numerical difference was present. In 
addition, more patients in the ETN Mono group had to restart a 
csDMARD or discontinue ETN and/or switch to another biologic 
compared with the ETN Combo group. However, a subset of 
patients successfully maintained LDA for long periods of time 
on continuous ETN monotherapy, indicating a need to identify 
characteristics that could predict which patients can success-
fully transition to ETN monotherapy and maintain good disease 
control.

Twenty-five percent of the patients who switched from 
combination therapy to monotherapy could not be matched to 
patients remaining in the Combo group because of the long dura-
tion before discontinuing the csDMARD. These patients could 
not be included in the comparative longitudinal analysis. These 
unmatched patients in the ETN Mono group also had high main-
tenance (unadjusted) of remission/LDA over 2 years and perhaps 
would have altered the results more in favor of ETN monotherapy.

In conclusion, many patients with RA in this study who 
achieved remission/LDA on combination therapy maintained 
remission/LDA with ETN monotherapy for 2 years after csDMARD 
discontinuation. This study provides real-world evidence that 
ETN monotherapy may be a viable option for some patients with 
RA who discontinue csDMARDs after achieving LDA/remission.
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