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ABSTRACT 

Objective 

Treat-to-target in rheumatoid arthritis (RA) recommends targeting remission, with low disease 

activity (LDA) being an alternative goal. When deciding to target remission or LDA, important 

considerations are the likelihood of attaining them, and their impacts on function and health-

related quality of life (HRQoL). We have addressed this by studying: (a) the frequency of 

remission and LDA/remission; (b) DAS28-ESR trends after remission; (c) ability of remission 

vs. LDA to identify patients with normal function (HAQ ≤0.5) and HRQoL (EQ-5D ≥ the 

normal population). 

 

Methods 

We studied 571 patients in two clinical trials, and 1,693 patients in a 10-year routine care 

cohort. We assessed the frequency and sustainability of remission and LDA/remission, 

variability in DAS28-ESR after remission, and sensitivity/specificity of remission and 

LDA/remission at identifying patients with low disability levels and normal HRQoL using 

Receiver Operator Characteristic (ROC) curves. 

 

Results 

Point remission and remission/LDA were common (achieved by 35-58% and 49-74% of 

patients, respectively), but were rarely sustained (sustained remission and remission/LDA 

achieved by 5-9% and 9-16% of patients, respectively). Following attaining remission, DAS28-

ESR levels varied substantially. Despite this, of those patients attaining point remission, the 

majority (53-61%) were in remission at study end-points. Whilst remission was highly specific 

at identifying patients with low disability (85-91%) it lacked sensitivity (51-57%); similar 

findings were seen for normal HRQoL (specificity 78-86%; sensitivity 52-59%). The optimal 



DAS28-cut-off to identify individuals with low disability and normal HRQoL was around the 

LDA threshold. 

 

Conclusions 

Our findings support both the treat-to-target goals. Attaining remission is highly specific for 

attaining low disability and normal HRQoL, although many patients with more active disease 

also have good function and HRQoL. Attaining a DAS28-ESR ≤3.2 has a better balance of 

specificity and sensitivity for attaining these outcomes, with the benefit of being more readily 

achievable. Although sustaining these targets over time is rare, even attaining them on a one-

off basis leads to better function and HRQoL outcomes for patients. 
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1 LIST OF ABBREVIATIONS 

CARDERA = Combination Anti-Rheumatic Drugs in Early RA; DAS28 = disease activity 

score for 28 joints; DMARD = disease-modifying anti-rheumatic drug; HAQ = health 

assessment questionnaire; HRQoL = health-related quality of life; LDA = low disease 

activity; RA = rheumatoid arthritis; ROC = receiver operating characteristic;  

T2T = treat-to-target; TACIT = tumour necrosis factor inhibitor versus combination intensive 

therapy with conventional disease modifying drugs in established RA.   



2 INTRODUCTION  

Treat-to-target (T2T) is the dominant treatment strategy for patients with rheumatoid arthritis 

(RA) (1,2). It involves escalating the intensity of treatment with disease-modifying anti-

rheumatic drugs (DMARDs) until the desired disease activity target is attained. Key goals of 

T2T are to optimise health-related quality of life (HRQoL) and function, and minimise joint 

damage, by reducing disease activity (1,2). 

 

T2T has two different treatment targets. The primary target is remission, often defined in 

clinical practice as a disease activity score for 28 joints (DAS28-ESR) of <2.6. This target is 

based on the extensive evidence that remission optimises HRQoL and function, and minimises 

radiological damage (3–7). Sustained remission over time is the preferred goal, as it associates 

with better outcomes than remission at a single time-point (8,9). The secondary target is low 

disease activity (LDA), defined as a DAS28-ESR ≤3.2, in recognition that patients with 

longstanding disease or multi-morbidity may be unable to achieve remission (1,2). Again, 

sustained LDA is preferable to LDA at a single time-point. T2T is recommended by both 

European and North American guidelines (1,10,11), with evidence from clinical trials and 

observational studies showing its benefits (12,13) and cost-effectiveness (14,15). 

 

The issue of whether to target LDA or remission is a matter of ongoing debate (16). There are 

two important considerations in deciding which of these “targets” to aim for. The first is their 

achievability in routine practice. Observational studies show that DAS or DAS28-defined 

point-remissions are frequently achieved, with reported frequencies of 33-49% (8,17,18). In 

contrast, sustained remissions (lasting at least 6-months) appear less common. In one Swedish 

registry, of 2,416 established RA patients starting biologics, 49% reached DAS28 remission at 

any time-point, but only 16% had sustained DAS28 remission lasting 6-months (8). In another 



Swedish registry, in 29,084 RA patients managed in routine care, 42% had sustained DAS28-

remission at some stage, with sustained remission being significantly less likely in established 

disease (18). Similarly, a North American observational study found that whilst 45% of RA 

patients achieved point DAS28 remission, only 10% achieved sustained remission (17). There 

is little information about the frequency of point and sustained LDA in routine practice, 

although the goal of attaining a DAS28-ESR ≤3.2 must occur more often than attaining a 

DAS28-ESR <2.6.  

 

The second consideration is which target (remission or LDA) best identifies patients with good 

function and normal HRQoL, which are outcomes of crucial importance to patients. At an 

individual-patient level it is clearly preferable to achieve sustained remission, with patients in 

remission having the best disease outcomes. However, at a group-level, LDA may be a 

preferable target, as it is likely that many patients in LDA will also have good function and 

HRQoL, and this target may be more readily achievable. To the best of our knowledge, this 

issue has not previously been evaluated. 

 

Against this background, we have undertaken a detailed secondary analysis of two clinical 

trials (in early and established RA), alongside an observational study of RA patients managed 

according to T2T in routine care. We had three objectives: (a) to evaluate the frequency of 

attaining a point and sustained DAS28-ESR <2.6 (remission) and ≤3.2 (incorporating LDA and 

remission); (b) to evaluate the trends in DAS28-ESR once a patient has attained a DAS28-ESR 

<2.6; (c) to compare the discriminatory abilities of a DAS28-ESR cut-off of remission vs. LDA 

at identifying RA patients with normal function and HRQoL, and evaluate the optimal DAS28 

cut-off to identify these individuals. 



3 MATERIALS AND METHODS 

3.1 Subjects 

3.1.1 Clinical Trials 

We used data from two trials: (1) the Combination Anti-Rheumatic Drugs in Early RA 

(CARDERA) trial, which randomised 467 patients with early, active RA to receive two years 

of intensive combination treatment with methotrexate, ciclosporin and/or corticosteroids vs. 

methotrexate monotherapy (19); and (2) the tumour necrosis factor inhibitor (TNFi) versus 

combination intensive therapy with conventional disease modifying drugs in established RA 

(TACIT) trial, which randomised 205 established, active RA patients to receive one year of 

intensive DMARD therapy or tumour necrosis factor inhibitors (20). Patients who did not 

complete the trials were omitted; there were 379 completers in CARDERA, and 192 in TACIT. 

 

3.1.2 Observational Data 

We evaluated patients from the Guy’s Hospital RA Centre, which represents an electronic 

healthcare record cohort of patients attending routine rheumatology appointments at Guy’s 

Hospital (South London); patients have their main clinical outcomes recorded at each clinic 

visit, and are managed in line with T2T (21). We used two different datasets derived from the 

Guy’s RA centre in our analysis.  Firstly, to identify the optimal DAS28 cut-off to identify 

patients with normal function and HRQoL we used the baseline visit data for each patient 

(representing their first clinic visit captured electronically); this was used as it was the time-

point with the least missing outcome data. Secondly, for the longitudinal analyses (evaluating 

remission and LDA/remission rates and DAS28-ESR trends over time) we included patients in 

whom follow-up data were available for at least 3 years.  

 



3.2 Assessments 

We assessed patients using the DAS28-ESR. We assessed disability using the Health 

Assessment Questionnaire (HAQ) and HRQoL using the EQ-5D. In CARDERA these were 

captured every 6-months for 2-years. In TACIT the DAS28-ESR was captured monthly, and 

HAQ/EQ-5D captured 6-monthly for 1-year. In the RA centre, these were captured at every 

outpatient appointment. 

 

3.3 Definitions 

3.3.1 Remission and LDA/Remission 

Remission and LDA/remission were defined using the recognised DAS28-ESR cut-offs of <2.6 

and ≤3.2, respectively. There is no standardised definition of what represents sustained 

remission (9). In this study, we defined sustained remission in the trials as a DAS28-ESR <2.6 

occurring from 6-months onwards, and being present at all subsequent assessments. In the RA 

centre, sustained remission was defined as a DAS28-ESR <2.6 at all assessments. Point 

remission in all cohorts was defined as achieving a DAS28-ESR <2.6 at any assessment. For 

sustained and point LDA/remission the same approach was taken, using a DAS28-ESR cut-off 

of ≤3.2.  

 

3.3.2 Low Disability and Normal Health-Related Quality of Life 

Low disability scores were defined as HAQ scores ≤0.5. As HRQoL falls with increasing age, 

normal HRQoL was defined as an EQ-5D score observed in the age-matched general UK 

population. We had access to EQ-5D summary statistics from the normal UK population 

stratified by certain age categories (from the 2008 Health Survey for England (22)) but not 

individual-level data. We therefore calculated the mean age in each of our RA datasets, and 

used the mean EQ-5D scores in the equivalent normal UK age category for comparison. These 



comprised mean normative EQ-5D scores of 0.86 for CARDERA (which had a mean age of 

54 years, with the corresponding normal UK age category being 45-54 years) and 0.82 for 

TACIT and the RA centre (which had mean ages of 57 and 55 years, respectively, with the 

corresponding normal UK age category being 55-64 years). 

 

3.4 Remission vs. Optimal DAS28 Cut-Off at Identifying Low Disability and Normal 

HRQoL 

The ability of the DAS28-ESR to distinguish between patients with and without low HAQ 

scores and normal EQ-5D scores was determined by plotting receiver operating characteristic 

(ROC) curves (plotting sensitivity against 1-specificity) and measuring the area under the curve 

(AUC), calculated using DeLong’s method (23). The sensitivity and specificity of remission, 

LDA, and the DAS28-ESR cut-off that optimised sensitivity and specificity were calculated. 

ROC analyses were undertaken at patients’ baseline visits in the RA centre, as this contained 

the most complete data and largest number of observations compared to later time points. In 

the clinical trials, ROC analyses were undertaken at end-points when the greatest proportion of 

patients had attained LDA and remission. We also evaluated the sensitivity and specificity of 

a point and sustained DAS28-ESR of <2.6 and ≤3.2 at identifying patients with and without 

low HAQ scores and normal EQ-5D scores at the cohort end-points. 

 

3.5 Programs Used 

Analyses were undertaken in R (version 3.5.0) and SPSS (version 23). ROC analyses were 

performed using the package “pROC” (24). 

 



3.6 Ethical Approvals 

Analysis of Guy’s RA centre data was approved by the Health Research Authority (HRA; 

IRAS project ID 209418). CARDERA (ISRCTN32484878 and Research Ethics Committee 

(REC) reference: MREC (1) 99/04) and TACIT (ISRCTN 37438295 and REC reference: 

MREC Ref 07/Q0505/57) were approved by Research Ethics Committees. All patients 

recruited to the trials provided informed written consent (according to the Declaration of 

Helsinki). As the Guy’s RA centre comprises routinely collected anonymised healthcare data, 

written consent was not required. No further ethical approvals for the analysis described in this 

manuscript were required. 

 

3.7 Data Statement 

These data have not been made publically available as informed consent was not taken from 

patients for this purpose. 

 

4 RESULTS 

4.1 Patients 

The three cohorts had similar age and sex distributions (Table 1). CARDERA patients had 

early RA (mean duration 0.3 years) and TACIT patients established RA (mean duration 8 

years). Most RA centre patients had established disease (mean 10 years). At the ROC analysis 

time-points, mean HAQ scores ranged from 1.17-1.47, mean EQ-5D scores from 0.52-0.60 and 

mean DAS28 scores from 3.83-4.14. The proportion of patients in remission ranged from 21%-

25% and in low disease activity/remission from 30%-38%.



4.2 Remission and LDA/Remission Rates 

In all three cohorts the proportion of patients in remission and LDA/remission increased over 

time (Supplementary Figure 1). In the trials, patients receiving more intensive treatment (triple 

therapy with methotrexate, ciclosporin, and corticosteroids in CARDERA; anti-TNF in 

TACIT) had higher rates of remission and LDA/remission, compared with patients receiving 

less intensive treatment (methotrexate monotherapy in CARDERA; combination synthetic 

DMARDs in TACIT). In the RA Centre, remission rates could not be evaluated by treatment 

intensities, as these varied over time. However, the proportion of patients in remission and 

LDA/remission increased over the decade of follow-up.  

 

In all three cohorts, sustained remission was rare, occurring in only 5-9% of patients (Table 2). 

Sustained LDA/remission was commoner, occurring in 9-16% of patients. In keeping with 

previous research, point remission was readily achievable, occurring in 35-58% of patients. 

Point LDA/remission was even commoner, occurring in many patients in CARDERA (49%), 

and the majority of patients in TACIT (62%) and the RA centre (74%).  

 

4.3 Within-Individual Disease Activity Variability Following Remission 

Individual patients showed marked levels of variation in their subsequent DAS28-ESR scores 

following attaining remission. The extent of this within-individual variability was similar 

across all three cohorts. Figure 1 shows DAS28-ESR scores for all patients following attaining 

remission in CARDERA and TACIT, and for patients with at least 5 subsequent DAS28-ESR 

measures in the RA Centre. 

 

Despite these marked within-individual variations in post-remission DAS28-ESR scores, an 

analysis of the end-point DAS28-ESR scores in patients who achieved point remission showed 



a common pattern (Figure 2). Approximately half (53%-61%) of all patients were in remission, 

with 9%-18% having LDA, 21%-22% having moderate disease activity (MDA) and 4%-8% 

having high disease activity (HDA). The patients achieving point LDA/remission showed a 

similar pattern with 57%-68% patients being in LDA/remission, 27%-34% having MDA and 

5%-9% having HDA. The mean end-point DAS28-ESR scores of patients attaining point 

remission was within the LDA range (Table 2).  

 

4.4 DAS28-ESR Cut-Offs at Identifying Patients with Low Disability and Normal 

HRQoL 

4.4.1 Sustained and Point Remission vs. LDA/Remission 

Sustained and point remission had varying impacts on end-point rates of low disability and 

normal EQ-5D (Table 2). In all 3 cohorts, comparable findings were observed. Sustained 

remission was highly specific for low disability (97-98%) and normal EQ-5D (93-97%) but 

lacked sensitivity (low disability 19-29%; normal EQ-5D 19-36%), with many patients not 

attaining sustained remission having good function and HRQoL. Attaining point remission at 

any time during follow-up provided a better balance between sensitivity and specificity for 

these outcomes (low disability specificity 50-78% and sensitivity 68-89% and normal EQ-5D 

specificity 42-72% and sensitivity 70-93%). 

 

Attaining sustained LDA/remission also had high specificity for low disability (92-96%) and 

normal EQ-5D (86-94%) but lacked sensitivity (low disability 26-41%; normal EQ-5D 33-

41%). Point LDA/remission was highly sensitive (low disability sensitivity 87-97%; normal 

EQ-5D sensitivity 87-100%), with moderate specificity (low disability specificity 31-63%; 

normal EQ-5D specificity 25-58%). This means that the majority of patients with a HAQ ≤0.5 

had attained a DAS28-ESR of <3.2 at some point in their follow-up. We repeated these analyses 



excluding patients with baseline HAQ scores <0.50, with broadly similar results obtained 

(Supplementary Table 1). 

 

4.5 End-Point Remission vs. Optimal DAS28-ESR Cut-Off 

The end-point DAS28-ESR score had a moderate ability to identify patients with a HAQ ≤0.5 

(Figure 3). AUC values in the RA centre, CARDERA and TACIT comprised 0.80 (95% CI 

0.77-0.84), 0.81 (95% CI 0.76-0.85), and 0.80 (95% CI 0.71-0.88), respectively. The optimal 

DAS28-ESR cut-off to identify patients with a HAQ ≤0.5 in all 3 cohorts was around the LDA 

threshold of 3.2. In the RA centre, CARDERA, and TACIT the optimal cut-offs that maximised 

sensitivity and specificity were 3.01 (78% specificity/68% sensitivity), 3.47 (78% 

specificity/70% sensitivity), and 3.18 (73% specificity/74% sensitivity), respectively. In 

contrast, a cut-off of <2.60 whilst substantial more specific (87% RA centre, 91% CARDERA, 

85% TACIT), was much less sensitive (57% RA centre, 51% CARDERA, 55% TACIT). 

 

Similar findings were seen with the end-point EQ-5D (Figure 3). The AUC values for the 

DAS28-ESR at identifying patients with normal EQ-5D scores in the RA centre, CARDERA 

and TACIT comprised 0.72 (95% CI 0.65-0.78), 0.85 (95% CI 0.80-0.90), and 0.82 (95% CI 

0.73-0.90), respectively. The optimal DAS28-ESR threshold to identify patients with a normal 

EQ-5D in all 3 cohorts was also around the LDA threshold. In the RA centre, CARDERA, and 

TACIT the optimal cut-offs that maximised sensitivity and specificity were 3.36 (61.1% 

specificity/74.6% sensitivity), 3.37 (75.9% specificity/83.3% sensitivity), and 3.75 (55.0% 

specificity/100.0% sensitivity), respectively. In contrast, a cut-off of <2.60 whilst substantial 

more specific (77.5% RA centre, 85.9% CARDERA, 81.9% TACIT), was much less sensitive 

(52.2% RA centre, 58.3% CARDERA, 58.8% TACIT). 



5 DISCUSSION  

Our analysis of three RA populations – spanning trials of early and established active RA, and 

a real-world routine care cohort – has three findings. Firstly, it demonstrates that whilst point 

remission and point LDA/remission are readily achievable, sustaining these targets over time 

is rare, with only 16% of patients in routine care having sustained LDA/remission. Secondly, 

it shows that once remission is attained, patients have marked variation in their subsequent 

disease activity. Thirdly, it shows that whilst targeting remission is highly specific for low 

disability levels and good HRQoL, many patients in higher disease activity states also have 

HAQ scores ≤0.5 and normal EQ-5D scores, with attaining LDA/remission offering the best 

balance of sensitivity and specificity for good function and normal HRQoL. 

 

Our study replicates existing research that whilst point remission is common, sustained 

remission is rare, with the latter occurring in just 5-9% of our cohorts. It provides new 

perspectives on the likelihood of attaining a sustained DAS28-ESR below the LDA-threshold, 

which occurred more often in 9-16% of our patients. Although attaining the T2T “targets” at a 

sustained level over time was rare, attaining them at any point in a patient’s journey associated 

with an increased likelihood of having good function and normal HRQoL at their final 

assessment. This highlights the importance of striving to attain these targets, even if they are 

only transient.  

 

Our ROC curve analyses provide further support for both T2T “targets”. At an individual 

patient level, attaining a DAS28-ESR <2.6 is the optimal goal, as it is highly specific for low 

levels of disability and normal HRQoL. At a group level, however, attaining a DAS28-ESR 

<3.2 is also a good target, providing a better balance of sensitivity and specificity at achieving 

low disability and normal HRQoL, with the added benefit of being more achievable. 



 

To the best of our knowledge, the short-term variability in individual patient DAS28-ESR 

scores following remission we observed has not been reported before. Previous studies have, 

however, evaluated post-remission DAS28 scores at a group level. Mierau et al (25) reported 

that in patients attaining a DAS28 <2.6 at one of two visits 12-months apart, the non-remission 

visit mean DAS28 was 3.2, and Prince et al (17) reported that in 182 RA patients losing 

DAS28-CRP remission after 12-months, the subsequent median DAS28-CRP was 3.8. The 

marked within-individual variability we observed is well recognised in other diseases like 

hypertension (26,27), reflecting National Institute of Health and Care Excellence (NICE) 

recommendations to use ambulatory blood pressure monitoring for diagnosis (28). 

 

An important implication of our results concerns selecting patients suitable for tapering 

biologics, which is relevant in a minority of individuals (29). Conventionally, tapering has been 

recommended in patients attaining LDA/remission lasting at least 3 months. However, our 

results suggest that many patients are unlikely to remain in LDA/remission, and extending it to 

a longer time-period, and considering other factors that predict flares on tapering (with low 

short-form 36 mental health scores associating with higher flare risks (30)) may be more 

appropriate.   

 

Our study’s strengths are that it evaluated a range of populations of RA patients across England 

(the trials were both multicentre) with its key findings replicated across all 3 cohorts. Its 

limitations were that it was a post-hoc analysis of existing data, we were unable to obtain age 

and sex-matched normative EQ-5D scores at an individual level, and the trials did not 

specifically pursue T2T strategies, with the impact of changing treatment in patients who did 

not achieve sustained remission not examined. 



 

There are two outstanding issues with T2T strategies, which require resolution. Firstly, as many 

patients will not attain remission or LDA, and will continue to have disability and poor HRQoL, 

there is a strong case for developing alternative treatment strategies for these non-responders. 

Secondly, the frequency of follow-up in T2T strategies is uncertain. As changes in synthetic 

DMARD doses take months to be effective, and DAS28 scores over time can be highly 

variable, it may be that time intervals longer than monthly follow-up in those with active 

disease are appropriate, making it easier to implement T2T in routine care, which is an issue 

that remains challenging (31–33). 

 

6 CONCLUSIONS 

Our study provides further support for both of the “targets” described in the T2T strategy. The 

goal of a DAS28-ESR of <2.6 is highly specific for the attainment of low disability and normal 

HRQoL, although many patients with more active disease also have good function and HRQoL. 

The goal of a DAS28-ESR of ≤3.2 also has a good specificity for attaining these outcomes, and 

has the benefit of being more readily achievable. Although sustaining these targets over time 

is relatively rare, even attaining them on a one-off basis leads to better function and HRQoL 

outcomes for patients with RA.  

 

7 STATEMENT OF CLINICAL SIGNIFICANCE 

Whilst T2T has revolutionised the outcomes of patients with RA, there remains ongoing 

debate as to which of the treatment targets (remission or low disease activity) should be 

aimed for in routine care. Two issues of central importance to this debate are how often they 

are achieved, and their impacts on disability and HRQoL. Our study demonstrates that the 



target of a DAS28-ESR ≤3.2 (indicating low disease activity and/or remission) is attained 

more often than a target of <2.6 (indicating remission) but is rarely sustained over time, with 

individual patients having marked variation in their DAS28-ESR scores following an episode 

of remission. It also shows that whilst targeting remission is highly specific for achieving low 

levels of disability and good HRQoL, a treatment target of a DAS28-ESR of approximately 

3.2 offers the best balance of sensitivity and specificity for attaining the goals of good 

function and normal HRQoL. Our study provides further support for both of the T2T 

“targets”; although sustaining them over time is relatively rare, their achievement on even a 

one-off basis leads to better outcomes for patients with RA. 

  



8 CONFLICTS OF INTEREST 

Prof Bruce Kirkham reports grants and non-financial support from Abbvie, grants and personal 

fees from Eli Lilly, personal fees from Janssen, grants from Roche, grants and personal fees 

from Novartis, and grants from Roche, all of which were outside the submitted work. Prof 

David Scott reports grants from the National Institute For Health Research during the conduct 

of the study, personal fees from Baxalta, personal fees from Novartis UK, and personal fees 

from Abbvie, outside the submitted work.  

 

9 FUNDING 

This work was supported by the National Institute for Health Research (NIHR; Clinical 

Lectureship to ICS).  It also presents research funded by the NIHR Programme Grants for 

Applied Research (http://www.ccf.nihr.ac.uk/PGfAR/ Pages/Home.aspx) on ‘Treatment 

Intensities and Targets in Rheumatoid Arthritis Therapy: Integrating Patients’ And Clinicians’ 

Views—The TITRATE Programme (RP-PG-0610-10066)’. 

 

10 ACKNOWLEDGEMENTS 

This article presents independent research funded by the National Institute for Health 

Research (NIHR). The views expressed are those of the authors and not necessarily those of 

the NHS, the NIHR or the Department of Health and Social Care. The funders had no role in 

the study design, data collection and analysis, data interpretation, the writing of the 

manuscript or the decision to submit the manuscript for publication. We also acknowledge 

support from the NIHR Biomedical Research Centre at Guy’s and St Thomas’ NHS 

Foundation Trust in partnership with King’s College London.  

 

http://www.ccf.nihr.ac.uk/PGfAR/


On behalf of TITRATE Programme Investigators 

Work Stream A: Heidi Lempp, Jackie Sturt, and Louise Prothero; Work Stream B: Isabel 

Neatrour, Rhiannon Baggott, Fowzia Ibrahim, Brian Tom, Allan Wailoo, Jonathan Tosh, 

James Galloway, Gabrielle Kingsley and David Scott; Work Stream C: Brian Tom, Fowzia 

Ibrahim,  James Galloway & David L Scott.  



11 REFERENCES 

1.  Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados M, Emery P, et al. 

Treating rheumatoid arthritis to target: 2014 update of the recommendations of an 

international task force. Ann Rheum Dis. 2016;75(1):3–15.  

2.  Smolen J, Aletaha D, Bijlsma J, Breedveld F, Boumpas D, Burmester G, et al. Treating 

rheumatoid arthritis to target:  recommendations of an international task force. Ann 

Rheum Dis. 2010;69(4):631–7.  

3.  Drossaers-Bakker KW, de Buck M, van Zeben D, Zwinderman AH, Breedveld FC, 

Hazes JM. Long-term course and outcome of functional capacity in rheumatoid 

arthritis: the effect of disease activity and radiologic damage over time. Arthritis 

Rheum. 1999;42(9):1854–60.  

4.  Welsing PM, van Gestel AM, Swinkels HL, Kiemeney LA, van Riel PL. The 

relationship between disease activity, joint destruction, and functional capacity over 

the course of rheumatoid arthritis. Arthritis Rheum. 2001;44(9):2009–17.  

5.  Klarenbeek NB, Koevoets R, van der Heijde DMFM, Gerards AH, Ten Wolde S, 

Kerstens PJSM, et al. Association with joint damage and physical functioning of nine 

composite indices and the 2011 ACR/EULAR remission criteria in rheumatoid 

arthritis. Ann Rheum Dis. 2011;70(10):1815–21.  

6.  Radner H, Smolen JS, Aletaha D. Remission in rheumatoid arthritis: benefit over low 

disease activity in patient-reported outcomes and costs. Arthritis Res Ther. 

2014;16(1):R56.  

7.  Versteeg GA, Steunebrink LMM, Vonkeman HE, Ten Klooster PM, van der Bijl AE, 

van de Laar MAFJ. Long-term disease and patient-reported outcomes of a continuous 

treat-to-target approach in patients with early rheumatoid arthritis in daily clinical 

practice. Clin Rheumatol. 2018;  



8.  Einarsson JT, Geborek P, Saxne T, Kristensen LE, Kapetanovic MC. Sustained 

Remission Improves Physical Function in Patients with Established Rheumatoid 

Arthritis, and Should Be a Treatment Goal: A Prospective Observational Cohort Study 

from Southern Sweden. J Rheumatol. 2016;43(6):1017–23.  

9.  Ajeganova S, Huizinga T. Sustained remission in rheumatoid arthritis: latest evidence 

and clinical considerations. Ther Adv Musculoskelet Dis. 2017;9(10):249–62.  

10.  Bykerk VP, Akhavan P, Hazlewood GS, Schieir O, Dooley A, Haraoui B, et al. 

Canadian Rheumatology Association recommendations for pharmacological 

management of rheumatoid arthritis with traditional and biologic disease-modifying 

antirheumatic drugs. J Rheumatol. 2012;39(8):1559–82.  

11.  Singh JA, Saag KG, Bridges SLJ, Akl EA, Bannuru RR, Sullivan MC, et al. 2015 

American College of Rheumatology Guideline for the Treatment of Rheumatoid 

Arthritis. Arthritis Care Res (Hoboken). 2016;68(1):1–25.  

12.  Stoffer MA, Schoels MM, Smolen JS, Aletaha D, Breedveld FC, Burmester G, et al. 

Evidence for treating rheumatoid arthritis to target: results of a systematic literature 

search update. Ann Rheum Dis. 2016;75(1):16–22.  

13.  Schoels M, Knevel R, Aletaha D, Bijlsma JWJ, Breedveld FC, Boumpas DT, et al. 

Evidence for treating rheumatoid arthritis to target: results of a systematic literature 

search. Ann Rheum Dis. 2010;69(4):638–43.  

14.  Vermeer M, Kievit W, Kuper HH, Braakman-Jansen LMA, Bernelot Moens HJ, 

Zijlstra TR, et al. Treating to the target of remission in early rheumatoid arthritis is 

cost-effective: results of the DREAM registry. BMC Musculoskelet Disord. 

2013;14:350.  

15.  Wailoo A, Hock ES, Stevenson M, Martyn-St James M, Rawdin A, Simpson E, et al. 

The clinical effectiveness and cost-effectiveness of treat-to-target strategies in 



rheumatoid arthritis: a systematic review and cost-effectiveness analysis. Health 

Technol Assess. 2017;21(71):1–258.  

16.  Bergstra SA, Allaart CF. What is the optimal target for treat-to-target strategies in 

rheumatoid arthritis?. Curr Opin Rheumatol. 2018;30(3):282–7.  

17.  Prince FHM, Bykerk VP, Shadick NA, Lu B, Cui J, Frits M, et al. Sustained 

rheumatoid arthritis remission is uncommon in clinical practice. Arthritis Res Ther. 

2012;14(2):R68.  

18.  Einarsson J, Willim M, Ernestam S, Saxne T, Geborek P, Kapetanovic M. Prevalence 

of sustained remission in rheumatoid arthritis:  impact of criteria sets and disease 

duration, a Nationwide Study in Sweden. Rheumatol. 2018;  

19.  Choy EHS, Smith CM, Farewell V, Walker D, Hassell A, Chau L, et al. Factorial 

randomised controlled trial of glucocorticoids and combination disease modifying 

drugs in early rheumatoid arthritis. Ann Rheum Dis. 2008 May 1;67(5):656 LP-663.  

20.  Scott DL, Ibrahim F, Farewell V, O’Keeffe AG, Walker D, Kelly C, et al. Tumour 

necrosis factor inhibitors versus combination intensive therapy with conventional 

disease modifying anti-rheumatic drugs in established rheumatoid arthritis: TACIT 

non-inferiority randomised controlled trial. BMJ. 2015;350:h1046.  

21.  Gullick NJ, Oakley SP, Zain A, Gibson T, Jones T, Mistlin A, et al. Goal-directed 

therapy for RA in routine practice is associated with improved function in patients 

with disease duration up to 15 years. Rheumatology (Oxford). 2012;51(4):759–61.  

22.  Cabases J, Janssen B, Szende A. Self-reported population health: an international 

perspective based on EQ-5D. Springer; 2014.  

23.  DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or 

more correlated receiver operating characteristic curves: a nonparametric approach. 

Biometrics. 1988;44(3):837–45.  



24.  Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez J-C, et al. pROC: an 

open-source package for R and S+ to analyze and compare ROC curves. BMC 

Bioinformatics. 2011;12:77.  

25.  Mierau M, Schoels M, Gonda G, Fuchs J, Aletaha D, Smolen JS. Assessing remission 

in clinical practice. Rheumatology (Oxford). 2007;46(6):975–9.  

26.  Schutte R, Thijs L, Liu Y-P, Asayama K, Jin Y, Odili A, et al. Within-subject blood 

pressure level--not variability--predicts fatal and nonfatal outcomes in a general 

population. Hypertens (Dallas, Tex  1979). 2012;60(5):1138–47.  

27.  Diaz KM, Tanner RM, Falzon L, Levitan EB, Reynolds K, Shimbo D, et al. Visit-to-

visit variability of blood pressure and cardiovascular disease and all-cause mortality: a 

systematic review and meta-analysis. Hypertens (Dallas, Tex  1979). 2014;64(5):965–

82.  

28.  National Institute for Health and Care Excellence (NICE). Hypertension in adults 

[Internet]. [cited 2018 May 10].  

29.  Henaux S, Ruyssen-Witrand A, Cantagrel A, Barnetche T, Fautrel B, Filippi N, et al. 

Risk of losing remission, low disease activity or radiographic progression in case of 

bDMARD discontinuation or tapering in rheumatoid arthritis: systematic analysis of 

the literature and meta-analysis. Ann Rheum Dis. 2018;77(4):515–22.  

30.  Bechman K, Sin FE, Ibrahim F, Norton S, Matcham F, Scott DL, et al. Mental health, 

fatigue and function are associated with increased risk of disease flare following TNF 

inhibitor tapering in patients with rheumatoid arthritis: an exploratory analysis of data 

from the Optimizing TNF Tapering in RA (OPTTIRA) trial. RMD open. 

2018;4(1):e000676.  

31.  Curtis JR, Chen L, Danila MI, Saag KG, Parham KL, Cush JJ. Routine Use of 

Quantitative Disease Activity Measurements among US Rheumatologists: Implications 



for Treat-to-target Management Strategies in Rheumatoid Arthritis. J Rheumatol. 

2018;45(1):40–4.  

32.  Nikiphorou E, Galloway J, van Riel P, Yazici Y, Haugeberg G, Ostor A, et al. The 

spectrum of early rheumatoid arthritis practice across the globe: results from a 

multinational cross sectional survey. Clin Exp Rheumatol. 2017;35(3):477–83.  

33.  Solomon DH, Losina E, Lu B, Zak A, Corrigan C, Lee SB, et al. Implementation of 

Treat-to-Target in Rheumatoid Arthritis Through a Learning Collaborative: Results of 

a Randomized Controlled Trial. Arthritis Rheumatol (Hoboken, NJ). 2017;69(7):1374–

80.  



Table 1. Patient Characteristics 

 

Characteristic CARDERA TACIT 
RA Centre 

Cross-Sectional 

RA Centre 

Longitudinal 

Number of Patients 379 192 1,693 752 

Females (%) 259 (68.3%) 144 (75.0%) 1,262 (75.4%) 579 (77%) 

Mean Age (SD) In Years 54 (12) 57 (12) 55 (16) 55 (15) 

Mean Disease Duration (SD) In Years 0.3 (0.4) 8 (9) 10 (10) 10 (10) 

Mean HAQ (SD) 1.20 (0.80) 1.47 (0.81) 1.17 (0.83) 1.26 (0.88) 

Mean EQ-5D (SD) 0.60 (0.26) 0.55 (0.30) 0.52 (0.34) 0.53 (0.33) 

Mean DAS28-ESR (SD) 4.14 (1.65) 3.93 (1.61) 3.83 (1.63) 3.32 (1.26) 

HAQ ≤0.5 (%) 91 (24%) 31 (16%) 272 (25%) 180 (24%) 

Normal EQ-5D (%) 60 (16%) 17 (9%) 88 (10%) 59 (33%) 

DAS28-ESR ≤3.2 (%) 114 (30%) 66 (36%) 439 (38%) 310 (41%) 

DAS28-ESR <2.6 (%) 80 (21%) 41 (22%) 286 (25%) 167 (22%) 

 

Age and disease duration are given at baseline in longitudinal datasets, and other outcomes are at study end-points. HAQ = Health Assessment 

Questionnaire. DAS28-ESR = Disease Activity Score for 28 joints using the ESR. Outcome data missing: RA Centre cross-sectional HAQ in 

584 patients, EQ-5D in 784 patients; RA Centre longitudinal final HAQ in 29 patients and final EQ-5D in 66 patients; TACIT Final EQ-5D in 4 

patients. 

  



Table 2. Relationship Between Remission States, and End-Point Low HAQ Scores and Normal EQ5D Scores 

 

Group Remission/LDA Status Patients 

Mean End-

Point DAS28 

(95% CI) 

End-Point HAQ End-Point EQ-5D 

HAQ ≤0.5 Specificity Sensitivity 
Normal 

EQ-5D 
Specificity Sensitivity 

CARDERA 

(n=379) 

Sustained Remission 26 (7%) 1.80 (1.61, 1.99) 19/91 98% 21% 16/60 97% 27% 

Point Remission 132 (35%) 2.81 (2.57, 3.04) 68/91 78% 75% 42/60 72% 70% 

End-Point Remission 80 (21%) 1.92 (1.80, 2.03) 48/91 91% 51% 35/60 86% 58% 

Sustained LDA/Remission 45 (12%) 2.02 (1.84, 2.19) 33/91 96% 36% 26/60 94% 33% 

Point LDA/Remission 187 (49%) 3.09 (2.89, 3.28) 79/91 63% 87% 52/60 58% 87% 

End-Point LDA/Remission 114 (30%) 2.20 (2.09, 2.32) 62/91 82% 68% 46/60 79% 77% 

TACIT 

(n=192) 

Sustained Remission 10 (5%) 1.66 (1.32, 2.00) 6/31 97% 19% 4/17 96% 19% 

Point Remission 80 (42%) 2.81 (2.53, 3.10) 19/31 63% 68% 13/17 62% 77% 

End-Point Remission 41 (22%) 1.92 (1.77, 2.08) 17/31 85% 55% 10/16 82% 59% 

Sustained LDA/Remission 17 (9%) 1.75 (1.50, 2.00) 8/31 94% 26% 6/17 94% 35% 

Point LDA/Remission 119 (62%) 3.18 (2.94, 3.43) 29/31 44% 94% 17/17 41% 100% 

End-Point LDA/Remission 66 (35%) 2.29 (2.14, 2.44) 23/31 72% 74% 13/17 69% 81% 

RA Centre 

(n=752) 

Sustained Remission 67 (9%) 1.56 (1.46, 1.67) 52/180 97% 29% 21/59 93% 36% 

Point Remission 437 (58%) 2.83 (2.75, 2.91) 160/180 50% 89% 55/59 42% 93% 

End-Point Remission 167 (22%) 1.98 (1.90, 2.05) 106/180 87% 57% 37/59 78% 52% 

Sustained LDA/Remission 120 (16%) 1.91 (1.81, 2.01) 73/180 92% 41% 24/59 86% 41% 

Point LDA/Remission 560 (74%) 3.07 (2.99, 3.14) 174/180 31% 97% 57/59 25% 97% 

End-Point LDA/Remission 310 (41%) 2.41 (2.34, 2.48) 142/180 70% 79% 50/59 62% 85% 

 

Sustained remission: in TACIT and CARDERA this is a DAS28-ESR<2.6 from 6-months onwards and in the RA Centre at all time-points; point remission: a 

DAS28-ESR <2.6 at any time point; end-point remission: a DAS28-ESR <2.6 at the final time-point in each cohort. For LDA/remission a DAS28-ESR cut-

off ≤3.2 is used. In TACIT and the RA centre normal EQ5D scores are ≥0.82; in CARDERA they are ≥0.86



Figure 1. Within-Individual Variability in DAS28-ESR Scores After an Episode of 

Remission 

 

 

DAS28-ESR scores for each individual patient following an episode of remission are plotted. 

In the RA Centre patients with at least 5 subsequent DAS28-ESR measures are plotted. 

CARDERA and TACIT includes all patients.



Figure 2. End-Point DAS28 Category After Attaining Point Remission and Point Low 

Disease Activity/Remission 

  



Figure 3. Ability of Remission vs. Optimal DAS28-ESR Cut-Off to Identify Patients 

with Low Disability and Normal HRQoL 

 

 

The marks on each ROC curve are the specificity and sensitivity of the remission cut-off 

(DAS28-ESR of <2.60) and cut-off that optimises sensitivity and specificity (which is around 

the LDA cut-off of 3.20 in each dataset). 

 


