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Abstract 

Objectives
To assess disease outcomes after 20 and 12 years, respectively, of patients 
with rheumatoid (RA) or undifferentiated arthritis (UA), treated to target in 
the BeSt and IMPROVED trials. 

Methods
In BeSt (n=508, included 2000-2002, duration 10 years), patients with 
early RA were randomized to: 1. sequential monotherapy, 2. step-up 
combination therapy, 3. initial csDMARD combination therapy, 4. initial 
bDMARD/csDMARD combination therapy. The treatment target was low 
disease activity (DAS≤2.4). 

In IMPROVED (n=610, included 2007-2010, duration 5 years), patients with 
early RA/UA started MTX with prednisone bridging. The treatment target 
was remission (DAS<1.6). Patients not in early remission were randomized 
to 1. csDMARD combination therapy or 2. bDMARD/csDMARD combination 
therapy. 

Between 2019-2022, these patients were invited for long-term follow-up. 

Results
153 (45% of alive) and 282 (54%) ex-participants from BeSt and IMPROVED, 
respectively, participated in the follow-up study. 

In ex-BeSt and ex-IMPROVED patients the rate of low disease activity was 
91%, and 68% were in DAS remission. Median SHS was 14.0 in ex-BeSt 
(IQR 6.0-32.5; progression since end BeSt 6.0, IQR 2.0-12.5) and 8 in ex-
IMPROVED participants (IQR 3-16; progression since end IMPROVED 4, IQR 
2-9). Mean HAQ was 0.8±0.6 in ex-BeSt (change since end BeSt: 0.3±0.5) 
and 0.6±0.6 in ex-IMPROVED participants (change since end IMPROVED: 
0.06±0.5). 

Conclusion
At 12 to 20 years after treatment start, the majority of RA and UA patients 
who had been treated to target low DAS or DAS remission were in DAS 
remission and had limited functional disability. Radiographic damage 
progression was mild although not completely suppressed. 
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Introduction

With the introduction of early treat-to-target strategies, clinical outcomes in 
people with rheumatoid arthritis significantly improved.1, 2 In trials, functional 
outcomes and quality of life improved when a strict treat-to-target regimen 
was used.3, 4 Radiographic damage was also shown to be limited with early 
treat-to-target therapy.5, 6 In the BeSt study, after 10 years, most patients with 
early rheumatoid arthritis (RA) who were treated with a treatment target of 
disease activity score (DAS) ≤2.4 had little functional disability and limited 
radiographic damage.7 After 5 years in the IMPROVED study, in which a stricter 
treatment target of drug-free remission (DAS<1.6) was aimed at, patients 
with RA and undifferentiated arthritis (UA) showed almost no radiographic 
damage and almost normal functional ability.8 From the end of both studies, 
patients were followed up according to routine care. We recalled all patients 
for a long-term follow-up visit, with the aim to describe long-term clinical and 
radiological outcomes, 20 years after treatment start in BeSt (10 years since 
the end of the study) and 12 years after treatment start in IMPROVED (7 years 
since the end of the study). We hypothesized that the benefits of treat-to-
target strategies had persisted on long term.

Patients and methods 

Patients
Between 2019 and 2022, patients from the treat-to-target BeSt and IMPROVED 
clinical trials were invited for a long-term follow-up visit (RECALL study) after 
mean 20 and 12 years respectively. Study information is provided in table 
1 and has been described previously.7-9 After respectively 10 and 5 years of 
intervention, patients were treated according to daily practice.

To avoid sending invitations to deceased persons, death records were 
requested at the CBG (Centraal Bureau voor Genealogie) centre for family 
history. Additionally, to calculate the percentage of participation among non-
deceased, vital status was assessed based on data from Statistics Netherlands 
(CBS). Results from comprehensive mortality analyses have been reported 
separately.
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Outcomes
The primary outcomes were radiographic damage and functional ability. 
Radiographic damage was assessed with the Sharp-Van der Heijde score 
(SHS) based on radiographs of hands and feet at three timepoints: BeSt/
IMPROVED baseline, BeSt/IMPROVED last visit and RECALL study visit. The 
SHS was only calculated if radiographs of both hands and both feet were 
available. One reader, who was unaware of patient identity, original treatment 
allocation and clinical outcomes, assessed the radiographs in chronological 
order (intrareader coefficient 0.98). 

Table 1. Description of study details of BeSt and IMPROVED

BeSt IMPROVED

Patient population Early RA (ACR 1987 criteria) Early RA (ACR/EULAR 2010 criteria) or 
UA (not meeting 2010 criteria)

Inclusion period 2000-2002 2007-2010

Treatment target DAS≤2.4, assessed every three 
months 

DAS<1.6, assessed every four months

Treatment strategy Randomization at baseline 
between:
1.	 sequential monotherapy 

starting with methotrexate 
(MTX), 

2.	 step-up combination 
therapy starting with MTX, 

3.	 Initial combination 
therapy starting with 
MTX, sulfasalazine and 
prednisone (with tapering 
scheme) or 

4.	 initial combination therapy 
starting with MTX and 
infliximab.

 
Subsequent treatment steps in 
case of DAS>2.4: supplemental 
table 1

Step 1: induction therapy with MTX 
with prednisone (tapered to low dose)
Step 2: after 4 months, patients who 
were not in early remission (DAS<1.6) 
were randomized between:
1.	 Addition of sulfasalazine and 

hydroxychloroquine, 
2.	 Switching to MTX and adalimumab.

Patients who achieved early 
remission, but subsequently flared 
(DAS≥1.6), and had insufficient effect 
of reintroduction of prednisone, 
were also randomized between 
csDMARD combination therapy 
and adalimumab/MTX combination 
therapy. 
 
Subsequent treatment steps in case of 
DAS≥1.6: supplemental figure 1

Tapering strategy Tapering in case of DAS≤2.4 
for ≥6 months, next, in case of 
persistent DAS remission on 
low maintenance dose, stop 
last remaining DMARD

Tapering to stop as soon as DAS<1.6 

Duration of trial 
period

10 years 5 years
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Functional ability was assessed with the health assessment questionnaire 
(HAQ, range 0-3).10

Disease activity, percentage in (drug-free) remission and health related 
quality of life were secondary outcomes. Disease activity was measured with 
the 3 component DAS (including number of swollen joints and tender joints  
and erythrocyte sedimentation rate (ESR), without patient global assessment 
because this was not assessed within one month after the follow-up visit in 
39%). Remission was defined as DAS-remission (DAS<1.6), with the 3-variable 
Boolean remission as sensitivity analysis (swollen/tender joints ≤1, C-reactive 
protein (CRP) ≤1).11 Duration of remission was unknown. Medication use was 
self-reported. 

Health-related quality of life was measured with the Short Form 36 (SF-36). 
We reported 2 summary component scores: physical health (PCS) and mental 
health (MCS), with scores ranging from 0 to 100 and higher scores indicating 
better health. The scores were standardised to a mean of 50 and SD of 10 in 
the age- and sex-matched Dutch reference population.12  

Statistical analyses
Mean/median SHS as well as the percentage of patients with detectable 
radiographic damage (SHS≥1) and the percentage of patients with SHS>30 
(an arbitrarily chosen cut-off for considerable damage, corresponding with 
more than 2/3 of the joints with any detectable damage) was described. 
SHS at long-term follow-up was compared between treatment arms with a 
generalized linear model (GLM). If characteristics of BeSt/IMPROVED patients 
who participated in the follow-up study were not equally distributed between 
the treatment arms, the model was adjusted for these characteristics. 

For BeSt, arm 4 (MTX/infliximab combination) was used as the reference 
category. Progression from end of study was calculated from the last available 
study visit (BeSt: median 10 years, IMPROVED: median 5 years).

For IMPROVED, treatment arm 1 was compared to arm 2. Additionally, SHS 
was compared between patients who had or had not achieved early remission 
(at 4 months). This model was adjusted for potential confounders, based on 
previous research and clinical reasoning (baseline DAS, ACPA, BMI, sex, RA/
UA diagnosis).10, 13 

To assess radiographic progression since BeSt/IMPROVED baseline, these 
models were additionally adjusted for baseline SHS. 
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HAQ was compared between treatment arms with a linear model, adjusted 
for baseline characteristics if necessary. IMPROVED patients with and 
without early remission were compared with a model adjusted for possible 
confounders (baseline DAS, ACPA, BMI, sex, RA/UA diagnosis).14, 15 

The percentage of patients in remission was also compared between 
treatment arms with a GLM with a logit link function, if necessary adjusted for 
baseline differences between treatment arms. For the comparison between 
IMPROVED patients with and without early remission, the model was adjusted 
for possible confounders (baseline DAS, ACPA, sex, RA/UA diagnosis).16 

At the follow-up visit, SHS was missing in 1.8%, DAS in 1.1% and HAQ in 5.5%. 
No methods to address missing data were used. 

Results

BeSt
Of the 339 BeSt patients who were alive at the moment of invitation to the 
RECALL visit, 153 (45%) participated. They were on average 5 years younger 
than the 186 patients who did not attend follow-up (table 2). The mean age 
of RECALL participants at follow-up was 66±11 years. Slightly more patients 
who had originally been randomized to arm 4 (initial combination therapy 
with infliximab) participated in the RECALL study, compared to the other 
treatment arms (56% vs 39-45%). DAS at the last BeSt study visit was not 
different between participants and non-participants.

Although in the original BeSt population this was not the case due to 
randomisation, ACPA positivity and DAS at BeSt baseline were statistically 
significantly different between RECALL participants of the different treatment 
arms (supplemental table 2). 

At mean 20-year follow-up, 141/152 (93%) patients with available radiographs 
had detectable radiographic joint damage (SHS≥1) and 40/152 (26%) had 
SHS>30. The mean SHS was 25.0±34.8 (median 14.0, IQR 6.0 to 32.5), of which 
16 points for joint space narrowing (10% of maximum joint space narrowing 
score) and 9 for erosions (3% of maximum erosions score). The SHS was 
mean 23.3±33.8 (median 12, IQR 5 to 29.5) higher than at BeSt baseline, 
and 10.2±12.9 (median 6.0, IQR 2.0 to 12.5) higher than at the last study visit 
(at median 10 years after baseline). Mean SHS progression per year since 
baseline was 1.2±1.7 (median 0.6, IQR 0.3 to 1.5). 
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Table 2. BeSt baseline characteristics of patients who did and did not participate (deceased 
patients excluded)  in the RECALL study

RECALL participants 
(n=153)

Non-participants 
(n=186)

p value

Age (years), mean (SD) 46 (11) 51 (12) <0.001

Symptom duration (weeks), 
median(IQR)

26 (14 to 55) 24 (14 to 56) 0.58

Sex (female), % 71 75 0.47

BMI, mean(SD) 25.6 (4) 26.4 (4) 0.08

Smoking, % 28 30 0.57

DAS, mean(SD) 4.3 (0.9) 4.5 (0.8) 0.06

BSE, mean(SD) 37 (25) 37 (24) 0.98

CRP, mean(SD) 32 (38) 35 (41) 0.42

HAQ, mean(SD) 1.3 (0.6) 1.4 (0.7) 0.37

Anti-citrullinated peptide 
antibodies (positive), %

64 57 0.14

Rheumatoid factor (positive), % 65 62 0.50

Arm 1 (sequential monotherapy), % 22 25

0.13

Arm 2 (step-up combination 
therapy), %

20 27

Arm 3 (initial combination of MTX, 
sulfasalazine and prednisone), %

25 26

Arm 4 (initial combination of MTX 
and infliximab), %

33 22

Mean SHS was 35.2±53.6 (median 17, IQR 8-38) in arm 1 (sequential 
monotherapy), 23.1±33.7 (median 14, IQR 3 to 28) in arm 2 (step-up 
combination therapy), 29.0±30.4 (median 19.5, IQR 7 to 41) in arm 3 (initial 
csDMARD combination therapy with prednisone) and 16.5±17.7 (median 8.5, 
IQR 3 to 28) in arm 4 (initial bDMARD/csDMARD combination therapy). When 
adjusted for baseline differences in ACPA, DAS, smoking status and sex, arms 
1 and 3 had statistically significantly more damage than arm 4 (figure 1A). This 
was the case both for erosions and for joint space narrowing (supplemental 
figure 3 and 4). Results for progression of radiographic damage (adjustment 
of the model for baseline SHS) were similar (figure 1B).  
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Mean HAQ at long-term follow-up was 0.8±0.6 (median 0.8, IQR 0.3 to 1.3). 
This was 0.5±0.7 lower than at BeSt baseline but 0.3±0.5 higher than at the 
last study visit. 54/144 (38%) of the participants had a HAQ of ≤0.5 (reflecting 
normal physical functioning) and 6/138 (4%) had a HAQ of ≥2 (severe 
disability). There was no statistically significant difference in HAQ between 
treatment arms (figure 1C).

Mean DAS at follow-up was 1.5±0.6 with 91% (137/151) of participants with 
low disease activity and 68% (102/151) even in DAS remission. Of the 117 
patients who met the study target of DAS≤2.4 at their last BeSt study visit, 
110 (94%) had DAS≤2.4 at follow-up, compared to 27/34 (79%) who did not 
meet the target at the last study visit. Of the 70 patients who had been in DAS 
remission at the last study visit, 57 (81%) were in DAS remission at follow-up, 
compared to 45/81 (56%) who had not been in remission at the last study 
visit. At follow-up, significantly fewer patients who had been treated in BeSt 
arm 1 and numerically fewer from arm 2 were in DAS remission, compared 
to patients from arm 4 (arm 1: 17/32 (53%), arm 2: 18/31 (58%), arm 3: 28/38 
(74%), arm 4: 39/50 (78%); figure 1D). 

We also assessed Boolean remission: 26/143 (18%) of the participants with 
available information were in Boolean remission at follow-up (arm 1: 4, arm 2: 
4, arm 3: 6, arm 4: 12). In adjusted analyses there was no statistically significant 
difference in Boolean remission between the treatment arms (supplemental 
figure 2).

133 patients provided information on current medication. Of these, 16 (12%) 
were in drug-free DAS remission (arm 1: n=3, arm 2: n=2,  arm 3: n=4, arm 
4: n=7). Because of this small number, no further analyses were performed 
comparing initial treatment arms. Of the 23 patients who had been in 
drug free remission at the last BeSt study visit, 11 (48%) were in drug-free 
remission at follow-up, compared to 5/110 (5%) who had not been in drug-
free remission at the last study visit.

Most patients with self-reported medication use available, reported the use 
of either csDMARD monotherapy or bDMARD/csDMARD combination therapy 
(table 3).

Physical quality of life was lower than that of the reference population: mean 
PCS of the SF-36 was 45.8±9.7. Mental quality of life was comparable to the 
reference population with a mean MCS of 51.1±8.4.
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Figure 1. RECALL outcomes for BeSt treatment arms 1-3 compared to arm 4, adjusted for 
differences in patient characteristics 
1A: SHS in arm 1 (sequential monotherapy; β 0.64, 95% CI 0.07 to 1.21), 2 (step-up combination 
therapy; β 0.39, 95% CI -0.19 to 0.98)) and 3 (initial combination therapy with MTX, sulfasalazine and 
prednisone; β = 0.66, 95% CI 0.12 to 1.19), compared to arm 4 (initial combination therapy with MTX 
and infliximab). 
1B: SHS progression since BeSt baseline in arm 1 (β 0.63, 95% CI 0.09 to 1.18), arm 2 (β 0.49, 95% CI 
-0.07 to 1.05) and arm 3 (β 0.82, 95% CI 0.29 to 1.36) 
1C: HAQ in arm 1 (mean 0.9±0.6, β 0.02, 95% CI -0.29 to 0.34), arm 2 (mean 1.0±0.8, β -0.21, 95% 
CI -0.51 to 0.08), arm 3 (mean 0.7±0.5, β -0.10, 95% CI -0.39 to 0.19) compared to arm 4 (mean 
0.8±0.6).. 
1D: DAS remission in arm 1 (OR 0.4, 95% CI 0.1 to 0.99), arm 2 (OR 0.5, 95% CI 0.2 to 1.4), arm 3 (OR 
0.9, 95% CI 0.3 to 2.4) compared to arm 4.
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Table 3. Self-reported medication use from ex-BeSt RECALL participants with medication 
information available (n=135)

n %

No antirheumatic medication 23 17

csDMARD monotherapy 38 28

csDMARD with prednisone 2 2

csDMARD combination therapy, with/without prednisone 10 7

bDMARD without csDMARD, with/without prednisone 19 14

bDMARD/csDMARD combination therapy, with/without prednisone 33 24

JAK inhibitor without csDMARD, with/without prednisone 3 2

JAK inhibitor with csDMARD, with/without prednisone 5 4

Prednisone monotherapy 2 2

JAK = Janus kinase

IMPROVED
Of the 523 patients who were alive at the moment of invitation for the 
RECALL, 282 (54%) participated. The 282 participants had on average been 2 
years younger at baseline than the non-participants (table 4). The mean age 
at follow-up was 61±12 years. DAS at the last IMPROVED study visit was not 
different between participants and non-participants.

Fewer patients who currently participated had been in early remission 
compared to in the original IMPROVED study (50% vs 63%), but differences in 
baseline characteristics between patients who had or had not achieved early 
remission were similar in the total IMPROVED population and the RECALL 
population. Patient characteristics at IMPROVED baseline were comparable 
between arm 1 and 2 in the RECALL study (supplemental table 3). 

At mean 12-year follow-up, 254/275 (92%) patients with available radiographs 
had detectable radiographic joint damage and 26/275 (9%) had SHS>30. The 
mean SHS was 12.7±15.3 (median 8.0, IQR 3.0-16.0), of which 8 points for 
joint space narrowing (5% of maximum joint space narrowing score) and 5 
for erosions (2% of maximum erosions score). The SHS was mean 10.9±14.6 
(median 6.0, IQR 3.0-13.0) higher than at IMPROVED baseline and 7.3±10.5 
(median 2.0, IQR 2.0 to 9.0) higher than at the last IMPROVED study visit. 
Mean progression per year since baseline was 0.9±1.2 (median 0.6, IQR 0.2-
1.1).



101

Long-term clinical outcomes in treated-to-target early rheumatoid arthritis

6

Table 4. IMPROVED  baseline characteristics of patients who did and did not participate 
(deceased patients excluded) in the RECALL study

RECALL 
participants 

(N=282)

Non-
participants  

(N=241)

 p value

Age (years), mean (SD) 49 (12) 51 (15) 0.13

Symptom duration (weeks), median (IQR) 28 (27) 25 (26) 0.40

Sex (female), % 70 70 0.95

BMI, mean (SD) 26.0 (4.5) 25.6 (4.4) 0.30

Smoking, % 26 34 0.06

DAS, mean (SD) 3.2 (0.9) 3.2 (1.0) 0.41

BSE, mean (SD) 27 (22) 30 (25) 0.14

CRP, mean (SD) 20 (27) 23 (31) 0.32

HAQ, mean (SD) 1.2 (0.7) 1.1 (0.7) 0.20

Anti-citrullinated peptide antibodies (positive), % 60 52 0.09

Rheumatoid factor (positive), % 61 55 0.22

Early remission, % 63 67

0.13
Arm 1 (MTX, sulfasalazine, hydroxychloroquine, 
prednisone), %

16 15

Arm 2 (MTX, adalimumab), % 15 9

Out of protocol*, % 6 9

Diagnosis, % RA† 61 58 0.38

* Patients who had not achieved early remission, but were (erroneously) not randomized to 
arm 1 or 2 †RA diagnosis based on ACR/EULAR 2010 criteria

Mean follow-up SHS was 13.5±15.0 (median 10.0, IQR 4.0-17.0) in patients who 
had, and 11.5±15.9 (median 6.0, IQR 2.0-15.0) in patients who had not been 
in early remission. This difference was not statistically significant (adjusted β 
for early remission: 0.17, 95% CI -0.15 to 0.48), also not if additionally adjusted 
for baseline damage (β 0.18, 95% CI -0.14 to 0.51). In the group that had not 
been in early remission, there was no significant difference in SHS between 
patients that had been randomized to arm 1 (mean SHS 10.4±13.4 (median 
6.5, IQR 2.0-15.0)) and arm 2 (mean SHS 13.3±18.2 (median 6.0, IQR 3.0-16.0)) 
(adjusted β for arm 1 vs 2: -0.25, 95% CI -0.81 to 0.31). There was also no 
difference in joint damage progression between the two arms (β -0.44, 95% 
CI -0.98 to 0.11). 



102

Chapter 6

Erosions and joint space narrowing were both not statistically significantly 
different between patients who had and had not achieved early remission, 
and between the two treatment arms (supplemental table 4/5).

Mean HAQ at long-term follow-up was 0.6±0.6 (median 0.5, IQR 0.0 to 1.0). 
This was 0.6±0.7 lower than at IMPROVED baseline and 0.06±0.5 higher than 
after 5 years of targeted treatment. HAQ score was <0.5 in 52% (140/267) and 
>2 in 2% (6/267) of the ex-IMPROVED participants. Mean HAQ in patients who 
had been in early remission was 0.5±0.6, which was statistically significantly 
lower than in patients who had not been in early remission (mean HAQ: 
0.8±0.6): β = -0.2 (-0.4 to -0.1). There was no statistically significant difference 
in HAQ between randomization arms 1 and 2 (arm 1: mean HAQ 0.9±0.5; arm 
2: 0.8±0.7; β arm 1 vs arm 2: -0.1 (95% CI -0.4 to 0.2). 

Mean DAS at 12 years was 1.4±0.7, with 91% (255/279) who had DAS ≤2.4 
and 68% (189/279) even in DAS remission. Of the 170 patients who had been 
in DAS remission on the last IMPROVED study visit, 131 (77%) were in DAS 
remission at follow-up, compared to 58/109 (53%) who had not been in DAS 
remission on the last study visit. Of the 245 patients who had DAS ≤2.4 at the 
last study visit, 228 (93%) had DAS ≤2.4 at follow-up, compared to 27/34 (79%) 
who did not have DAS ≤2.4 at the last study visit. 

Patients who had achieved early DAS remission were more often in DAS 
remission at the RECALL study visit than patients who had not achieved early 
DAS remission (77% (136/177) vs 51% (52/101); adjusted OR 2.3, 95% CI 1.3 
to 4.2). There was no difference between patients randomized to arm 1 and 2 
(arm 1: 52% (23/44), arm 2: 52% (22/42), adjusted OR 1.0, 95% CI 0.4 to 2.3). 
Of the 239 participants with available information, 80 (33%) were in Boolean 
remission at follow-up, with comparable rates in patients who had and had 
not achieved early DAS remission (34% (52/152) vs 31% (27/86, adjusted OR 
0.9, 95% CI 0.4 to 1.8). Patients from arm 1 were numerically less often in 
Boolean remission at follow-up than patients from arm 2 (27% (10/37) vs 37% 
(13/35)), but this was not statistically significant in the adjusted analysis (OR 
0.7, 95% CI 0.3 to 2.1). 

52 of the 248 patients (21%) with information available on medication use 
and DAS at follow-up were in drug-free DAS remission. Of the 86 patients 
who had been in drug-free DAS remission at the last IMPROVED study visit, 39 
(45%) were in drug-free DAS remission at follow-up, compared to 12/174 (7%) 
who had not been in drug-free DAS remission at the last study visit.

There was no statistically significant difference in drug-free remission at 
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follow-up between patients who had achieved early remission and those 
who had not (23% (36/159) vs 18% (16/89); OR 1.7, 95% CI 0.8 to 3.6). There 
was also no statistically significant difference in drug-free remission between 
arms 1 and 2 (14% (5/37) vs % 23 (9/39); OR 0.5, 95% CI 0.2 to 1.7).

Patients who reported to use antirheumatic drugs most often were on 
csDMARD monotherapy or bDMARD/csDMARD combination therapy (table 
5).

Table 5. Self-reported medication use from ex-IMPROVED RECALL participants with 
medication information available (n=252)

n %

No antirheumatic medication 65 26%

csDMARD monotherapy 79 31%

csDMARD with prednisone 10 4%

csDMARD combination therapy with/without prednisone 20 8%

bDMARD without csDMARD, with/without prednisone 21 8%

bDMARD/csDMARD combination therapy with/without prednisone 47 19%

JAK inhibitor without csDMARD, with/without prednisone 3 1%

JAK inhibitor with csDMARD, with/without prednisone 4 2%

Prednisone monotherapy 3 1%

Physical quality of life was slightly lower than in the reference population (mean 
PCS 47.7±9.2) and mental quality of life was similar (mean MCS 51.1±8.5). 

Discussion

At respectively 20 and 12 years after treatment initiation and subsequent 
treatment to target in the BeSt and IMPROVED studies and daily practice, 
patients with early rheumatoid or undifferentiated arthritis who returned 
for follow-up had improvement in functional ability compared to baseline, 
and the majority were in DAS remission. The mean HAQ was relatively low 
at 0.8 in ex-BeSt participants and 0.6 in ex-IMPROVED participants. After 
years of treatment aimed at low or very low DAS, the majority of patients who 
participated in this long-term follow-up study had developed radiographic 
damage, although this was relatively mild, with a median SHS of 13.5 in BeSt 
and 8.0 in IMPROVED participants (median progression since baseline 0.6 per 
year in both). 
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To our knowledge, this report describes the longest-term follow-up results 
after treat-to-target therapy in patients with newly diagnosed RA. Considering 
that RA is a lifelong, chronic disease, long-term follow-up results are needed 
to evaluate the effect of current treatment strategies. Previous early treat-
to-target trials mainly assessed clinical outcomes up until 5 years.17, 18 Only 
the FIN-RACo trial, in early RA patients treated to target aiming at remission, 
and the COBRA trial, in early RA patients treated without aiming at a formal 
treatment target, published 11-year results.3, 5, 19 

Although in most patients there was joint damage progression 20 years 
after the start of BeSt and 12 years after the start of IMPROVED, median SHS 
scores were considerably lower than SHS scores after 11 years in the COBRA 
study.19 Comparing our results to the 11-year results from the treat-to-target 
FIN-RACo study is difficult since different scores for joint damage were used. 
Using a percentage of the maximum score (SHS: 448; Larsen: 200), mean 
progression from baseline in the initial DMARD combination therapy arms was 
5% (23/448) in BeSt after 20 years, 2% (11/448) in IMPROVED after 12 years 
and 9% (17/200) in FIN-RACo after 11 years. Compared to long-term results 
from old treatment strategies, radiographic outcomes have improved even 
more.20, 21 The radiographic damage observed in our study was characterised 
more by joint space narrowing than by erosions. This might be an indication 
that age related osteoarthritic features partially contributed to the observed 
changes. 

We found less radiographic damage (both erosions and joint space narrowing) 
after initial combination therapy with infliximab (BeSt arm 4), but not after 
initial combination therapy with prednisone (arm 3), compared to other 
treatment arms. Previously, a so-called disconnect was described between 
disease activity and radiographic damage both with tumour necrosis factor 
inhibitors (TNFi) and with prednisone treatment.22-26 Our results may support 
such a protective effect of TNFi on joint damage progression (although 
some joint damage still occurred, possibly after discontinuation of infliximab 
because of continued low DAS), but not of prednisone, indicating that early 
rapid disease activity suppression alone is not enough to prevent long-term 
damage progression. 

We did not see better radiographic outcomes in patients who were 
randomized (after 4 months) to early TNFi in arm 2 the IMPROVED study. This 
might have been a result of patient selection (adalimumab was only started in 
patients who did not achieve remission on MTX with prednisone), or shorter 
exposure to TNFi because of the fast tapering of adalimumab in IMPROVED 
after remission was achieved. It is also possible that differences between 
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IMPROVED treatment arms were smaller because the treatment target was 
set lower than in BeSt (DAS <1.6 vs DAS≤2.4). 

Mean HAQ scores in our patients at follow-up (BeSt: 0.8±0.6, IMPROVED: 
0.6±0.6) were lower than reported after 11 years in COBRA (1.0±0.7 and 
0.9±0.7 in the two treatment arms), but higher than after 11 years in FIN-
RACo (0.3±0.5 and 0.4±0.6 in the two treatment arms), who also had had 
lower HAQ scores at baseline.3, 19 No direct comparison with a Dutch reference 
population without arthritis can be made, but among our participants the 
percentage with HAQ>0.5 was higher than in a cohort of Dutch citizens with 
mean age 70 years: 62%/48% vs. 32%.27 

Compared to the Dutch reference population, physical quality of life was 
slightly reduced in our participants. We did not find long-term results on 
health-related quality of life in other treat-to-target trials. However, an 
observational study from the ESPOIR cohort, in which patients with early RA, 
treated in daily practice since 2002 without predefined treatment strategies 
or treatment targets, reported slightly lower (that is, worse) PCS and MCS 
scores after 10 years: mean PCS 44.6±9.2, MCS 46.7±9.2.28 

Besides providing unique long-term outcomes in a patient population who 
have been treated-to-target for a long time, strengths of this study include the 
prospective nature of data collection, use of standardised assessments, and 
the availability of mortality data, with which we could identify what selection 
of eligible patients participated. 

However, the results should be interpreted with caution, since the patient 
population was selected, initially based on meeting the in- and exclusion 
criteria of BeSt and IMPROVED, and now based on their ability and motivation 
to visit the hospital for the long-term follow-up visit. Only 50% of former study 
participants still alive agreed to attend the ‘RECALL’ visit. This was also affected 
by the fact that the study took place mostly during the SARS-CoV-2 pandemic. 
However, even in this relatively young selection of participants, it was clear 
that some radiographic progression had occurred. 

We do not know whether after the last BeSt or IMPROVED study visit, patients 
continued to be treated aiming for the same treatment targets. Therefore, we 
cannot infer whether radiographic progression was caused by lower treatment 
intensity after the trial phase, or that it has occurred despite continued treat-
to-target therapy. An additional limitation is that information on medication 
use was self-reported and therefore potentially less reliable. Subgroup 
analyses were adjusted for potential confounders, but residual bias cannot 
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be ruled out. Finally, the results of this study might not be generalizable to 
patients who are treated to target in clinical practice, because of patient 
selection and since treatment was highly protocolized in BeSt and IMPROVED. 
In conclusion, we found that patients with RA/UA who had been treated early 
and with treat-to-target strategies within the BeSt and IMPROVED trials, and 
attended long-term follow-up, were mostly in low disease activity or even 
remission, had relatively mild radiological progression and had relatively 
preserved physical functioning. This was potentially the result of long-term 
treatment targeted at low disease activity or DAS remission. Patients who 
had started initial therapy with infliximab had the least radiographic damage 
progression. Our results imply the lasting benefit of early and prolonged 
treatment to target, but also show that there is still room for further 
improvement of treatment strategies to ensure better long-term outcomes 
in patients with RA/UA.
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Supplemental figure 2. Boolean remission at long-term follow-up in BeSt arms 1-3 compared 
to arm 4, adjusted for differences in patient characteristics
Arm 1: sequential monotherapy, odds ratio (OR) (vs arm 4): 0.4, 95% CI 0.1 to 1.6
Arm 2: step-up combination therapy, OR (vs arm 4): 0.6, 95% CI 0.2 to 2.2
Arm 3: initial combination therapy with methotrexate, sulfasalazine and prednisone, OR (vs arm 4): 
0.6, 95% CI 0.2 to 1.9
Arm 4: initial combination therapy with methotrexate and infliximab (reference category)



114

Chapter 6

Su
pp

le
m

en
ta

l t
ab

le
 2

. P
at

ie
nt

 c
ha

ra
ct

er
ist

ics
 o

f R
EC

AL
L 

pa
rt

ici
pa

nt
s 

at
 B

eS
t b

as
el

in
e 

pe
r o

rig
in

al
 tr

ea
tm

en
t a

rm

Ar
m

 1
: s

eq
ue

nt
ia

l 
m

on
ot

he
ra

py
 

(n
=3

3)

Ar
m

 2
: s

te
p-

up
 

co
m

bi
na

ti
on

 
th

er
ap

y 
 

(n
=3

1)

Ar
m

 3
: i

ni
ti

al
 

co
m

bi
na

ti
on

 
w

it
h 

M
TX

 a
nd

 
pr

ed
ni

so
ne

 (n
=3

9)

Ar
m

 4
: i

ni
ti

al
 

co
m

bi
na

ti
on

 
w

it
h 

M
TX

 a
nd

 
in

fli
xi

m
ab

 (n
=5

0)

p-
va

lu
e

Ag
e,

 m
ea

n 
(S

D)
48

 (1
0)

45
 (1

0)
45

 (1
1)

47
 (1

2)
 0

.5
4

Sy
m

pt
om

 d
ur

at
io

n 
(w

ee
ks

), 
m

ed
ia

n 
(IQ

R)
 

32
 (1

7-
89

)
25

 (9
-4

0)
23

 (1
2-

51
)

25
 (1

5-
56

)
 0

.1
3

Se
x,

 %
  f

em
al

e
76

84
67

64
 0

.2
2

BM
I (

kg
/m

2)
, m

ea
n 

(S
D)

25
.6

 (5
.7

)
25

.2
 (3

.6
)

25
.6

 (3
.9

)
25

.9
 (3

.8
)

 0
.9

0

Ev
er

 s
m

ok
ed

, %
 

28
45

26
18

 0
.0

7

Di
se

as
e 

ac
tiv

ity
 s

co
re

 (D
AS

), 
m

ea
n 

(S
D)

4.
4 

(0
.8

)
4.

6 
(1

.0
)

4.
4 

(1
.0

)
4.

0 
(0

.6
)

 0
.0

2

ES
R 

(m
m

/h
), 

m
ea

n 
(S

D)
46

 (3
3)

35
 (2

5)
36

 (2
1)

32
 (2

2)
 0

.0
7

CR
P 

(m
g/

L)
, m

ea
n 

(S
D)

42
 (4

2)
25

 (3
1)

38
 (4

7)
25

 (3
0)

 0
.1

2

H
AQ

, m
ea

n 
(S

D)
1.

3 
(0

.6
)

1.
6 

(0
.6

)
1.

3 
(0

.6
)

1.
3 

(0
.6

)
 0

.0
8

AC
PA

 s
ta

tu
s, 

 %
 p

os
iti

ve
73

45
62

73
 0

.0
48

RF
 s

ta
tu

s, 
 %

 p
os

iti
ve

76
55

69
62

 0
.3

1

SH
S,

 m
ea

n 
(S

D)
3 

(5
)

2 
(2

)
1 

(3
)

2 
(4

)
 0

.6
0



115

Long-term clinical outcomes in treated-to-target early rheumatoid arthritis

6

Supplemental figure 3. Erosion score (Sharp-Van der Heijde method) at RECALL visit for BeSt 
treatment arms 1-3 compared to arm 4, adjusted for differences in patient characteristics
Arm 1: sequential monotherapy, median erosion score 5.0, IQR 2.0 to 10.0,  β = 0.77, 95% CI 0.06 to 
1.47
Arm 2: step-up combination therapy, median erosion score 2.0, IQR 0.0 to 10.0, β = 0.37, 95% CI 
-0.36 to 1.09
Arm 3: initial combination therapy with methotrexate, sulfasalazine and prednisone, median erosion 
score 3.5, IQR 2.0 to 13.0 β = 0.66, 95% CI 0.0024 to 1.32
Arm 4: initial combination therapy with methotrexate and infliximab, median erosion score 3, IQR 1 
to 8, reference group  
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Supplemental figure 4. Joint space narrowing score (Sharp-Van der Heijde method) at 
RECALL visit for BeSt treatment arms 1-3 compared to arm 4, adjusted for differences in patient 
characteristics
Arm 1: sequential monotherapy, median narrowing score 13.0, IQR 6.0 to 23.0, β = 0.56, 95% CI 
0.010 to 1.11
Arm 2: step-up combination therapy, median narrowing score 11.0, 2.0 to 19.0, β = 0.41, 95% CI 
-0.15 to 0.97
Arm 3: initial combination therapy with methotrexate, sulfasalazine and prednisone, median 
narrowing score 15.5, IQR 4.0 to 31.0, β = 0.65, 95% CI 0.13 to 1.16 
Arm 4: initial combination therapy with methotrexate and infliximab), median narrowing score 6.0, 
IQR 2.0 to 13.0, reference group
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Supplemental table 4. Erosion and joint space narrowing score (Sharp-Van der Heijde 
method) at RECALL visit for IMPROVED patients who had been in early remission, compared to 
those who had not been in early remission, adjusted for potential confounders

Erosion score Narrowing score

Median (IQR) β (95% CI) Median (IQR) β (95% CI)

Early 
remission

3.0 (1.0 to 8.0) 0.34 (-0.032 to 0.72) 5.0 (2.0 to 10.0) 0.074 (-0.27 to 0.41)

No early 
remission

2.0 (0.0 to 5.0) Reference 5.0 (1.0 to 8.0) Reference

Supplemental table 5. Erosion and joint space narrowing score (Sharp-Van der 
Heijde method) at RECALL visit for IMPROVED patients from arm 1 (methotrexate, 
hydroxychloroquine and sulfasalazine) compared to arm 2 (methotrexate and adalimumab) 

Erosion score Narrowing score

Median (IQR) β (95% CI) Median (IQR) β (95% CI)

Arm 1 2.0 (0.0 to 5.0) -0.22 (-0.83 to 0.39) 4.0 (1.0 to 8.5) -0.26 (-0.89 to 0.37)

Arm 2 2.0 (0.0 to 6.0) Reference 4.0 (1.0 to 8.0) Reference




