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Abstract
Objective To retrospectively compare the long-term clinical, functional, and cost outcomes for early RA patients (symptoms <
1 year) who did or did not achieve early remission in a treat-to-target strategy.
Method Five-year data of 471 patients included in the DREAM remission induction cohort were used. Patients were treated
according to a pre-specified 28-joint Disease Activity Score (DAS28) remission driven step-up treatment strategy starting with
methotrexate, addition of sulfasalazine, and exchange of sulfasalazine for biological medication in case of failure. Two- and 3-
year healthcare costs were available for selected subsamples of patients only.
Results DAS28 remission was achieved in 27.7%, 38.2%, and 51.6% of patients at 2, 3, and 6 months, respectively. Achieving
DAS28 remission at 2, 3, or 6 months was consistently associated with significantly lower DAS28 and Health Assessment
Questionnaire-Disability scores at 1, 3, and 5 years of follow-up (all P values < 0.02). Patients in remission at 2, 3, or 6 months
also had significantly lower medication costs per patient over the first 2 and 3 years of treatment, mainly due to lower biologic
use, but differences in total healthcare resource costs (hospital admissions plus consultations) were less pronounced. Mean total
medication and total healthcare resource costs at 3 years were €1131 and €1757 for patients in remission at 6 months vs. €7533
(P < 0.01) and €2202 (P = 0.09) for those not in remission.
Conclusion Achieving early remission was associated with beneficial clinical outcomes for early RA patients and lower costs in
the long term.

Key Points
• Previous studies in rheumatoid arthritis patients have demonstrated that early good response is associated with sustained remission and better

long-term clinical outcomes.
• This study extents these findings by examining the long-term benefits of achieving early remission on clinical, patient-reported, and economic outcomes

in a real-world cohort of patients with very early rheumatoid arthritis treated according to treat-to-target principles.
• The findings of this study clearly demonstrate that aiming for early remission in rheumatoid arthritis patients is beneficial in the long-term in terms of

better clinical and functional outcomes and lower healthcare costs
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Introduction

Early diagnosis with prompt initiation of disease-modifying
antirheumatic drugs (DMARDs), tight control monitoring of
disease activity, and treatment adjustments aiming at the target
of clinical remission, or at least low disease activity, is cur-
rently considered the standard of care in the management of
rheumatoid arthritis (RA) [1]. Clinical trials have provided
consistent evidence that this so-called treat-to-target (T2T)
strategy results in superior clinical outcomes compared with
routine care and enhances long-term functional and quality of
life outcomes [2, 3]. More recently, observational cohort stud-
ies have demonstrated that implementation of T2T is also
realistic in daily clinical practice [4–6] and results in improved
short- and long-term outcomes, similar to those found in clin-
ical trials [7].

Despite these promising results, the effects of T2T vary
among patients [8] and a relevant proportion of patients may
still experience poor long-term outcomes [2]. Unfortunately,
not much is currently known about factors associated with good
long-term outcomes. One of these factors may be the time
needed to achieve remission. Previous studies in early RA pa-
tients receiving different treatments have repeatedly found that
early good response or remission was associated with sustained
remission [9, 10], better long-term clinical and radiographic
outcome [11, 12], and even decreased all-cause mortality [13].
This is consistent with the Bwindow of opportunity^ concept,
which suggests that the long-term disease process can be altered
by early successful disease control [14].

With the exception of the study by Bakker et al. [12], how-
ever, these studies were not performed specifically in Btrue^
early RA patients already being treated to the target of remis-
sion. Moreover, the long-term benefits of achieving early re-
mission in terms of patient-reported outcomes and actual costs
in real-world T2Tsettings in this population are still unknown.
Finally, previous studies have not explored if rapidity to
achieve early remission (e.g., achieving remission within
2 months vs. 6 months) matters in the long term. Therefore,
the objective of the current study was to, retrospectively, com-
pare the long-term clinical, functional, and cost outcomes for
early RA patients who did or did not achieve early remission
in a real-world treat-to-target strategy.

Methods

Data selection and study design

Data were used from early RA patients included in the obser-
vational, multicenter Dutch RhEumatoid Arthritis Monitoring
(DREAM) remission induction cohort [4, 5, 7]. In this obser-
vational, multicenter T2T strategy study, adult patients with a
clinical diagnosis of RA (made by an experienced

rheumatologist) were included if they had a symptom duration
(time from the first reported symptom to the diagnosis of RA)
≤ 1 year, at least moderate disease activity (28-joint Disease
Activity Score using erythrocyte sedimentation rate (DAS28-
ESR) ≥ 2.6) [15] and had not previously received DMARDs
and/or prednisolone. Patients were included at the time of the
clinical diagnosis and started T2T immediately. The remission
induction cohort study is registered in the Dutch trial register
(NTR578).

Patients were recruited in this cohort from January 2006
until 2012, and follow-up is still ongoing. For the current
retrospective study, patients with at least 5 years of follow-
up data at the time of analysis (i.e., patients that were included
before September 2010) were selected. Healthcare resource
usage costs were available for a subset of patients for whom
these data were collected as part of a previous study [16].
These data were collected over the first 2 years of treatment
for some patients (n = 257) and the first 3 years for other
patients (n = 124), depending on the time of inclusion in the
study.

Treat-to-target protocol

Patients were treated to the target of remission using a step-up
medication scheme (Fig. 1). Remission was defined as
DAS28-ESR < 2.6. Patients were evaluated at baseline and
after 8, 12, 20, 24, 36, and 52 weeks and every 3 months
thereafter. Medication strategy advised adjustments of

Fig. 1 Treatment protocol. *At the time of the study, tumor necrosis
factor inhibitors were only reimbursed for patients with at least
moderate disease activity. DAS28 Disease Activity Score based on 28-
joint count (calculated using the erythrocyte sedimentation rate), MTX
methotrexate, SSZ sulfasalazine
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DMARDs based on the DAS28-ESR, with intensification of
treatment if the predefined targets had not been met. The first
step was starting methotrexate (MTX) monotherapy in a
weekly dose of 15 mg. The dosage was increased to 25 mg/
week in week 8 in case of insufficient response (DAS28-ESR
≥ 2.6). Prescription of folic acid was advised weekly at least
24 h after MTX intake. In case of uncontrolled disease activity
(DAS28-ESR ≥ 2.6) in week 12, sulfasalazine (SSZ) was
added, starting at a dosage of 2000 mg/day and if necessary
increased to 3000 mg/day at week 20. In accordance with the
national reimbursement guidelines at the time of the study,
which required RA patients to have at least moderate disease
activity for initiation of biologic treatment, tumor necrosis
factor inhibitor (TNFi) treatment was prescribed at week 24
or later, when remission or low disease activity was not met
(DAS28-ESR remained ≥ 3.2). In these cases, SSZ was re-
placed with subcutaneous administration of 40 mg of
adalimumab biweekly. At week 36, the frequency of TNFi
was increased to adalimumab 40 mg/week for patients with
DAS28-ESR ≥ 2.6. At 1 year, or later when applicable,
adalimumab was exchanged for etanercept 50 mg/week for
patients with DAS28 ≥ 3.2. If at any time point, the target of
DAS28-ESR < 2.6 was reached, medication was left un-
changed. In the case of sustained remission (DAS28 < 2.6
for ≥ 6 months), medication was tapered and eventually
stopped [17]. In the case of a disease flare (DAS28 ≥ 2.6),
the last effective medication or medication dose was pre-
scribed again and treatment could subsequently be intensified
if necessary at the discretion of the attending rheumatologist.
Obviously, deviations of this strategy were allowed in individ-
ual patients with contraindications for specific drugs, although
adherence to the treatment strategy as observed was overall
very high [18]. Concomitant treatment with non-steroidal anti-
inflammatory drugs, prednisolone at a dosage of ≤ 10 mg/day,
and intra-articular corticosteroid injections was permitted.

Assessments

Patients were evaluated at the outpatient rheumatology clinic
at the time of study entry and at every follow-up visit at weeks
8, 12, 20, 24, 36, and 52 and every 3 months thereafter. If a
patient was in clinical remission after at least 2 years follow-
up, the visit frequency was reduced to every 6 months.
Informed consent, patient characteristics (e.g., symptom dura-
tion, marital status, education, employment, children, housing,
alcohol use, smoking, soft drug use), and the ACR 1987
criteria for the classification of rheumatoid arthritis were com-
pleted at the baseline visit.

At each visit, clinical data were collected, including the
DAS28 (consisting of a 28 tender joint count (TJC28), 28
swollen joint count (SJC28), ESR, and the patient rating for
general health on a 100-mm visual analogue scale (VAS-GH)
[15]. DAS28 assessments were performed by trained

rheumatology nurses. Additionally, patients completed sever-
al patient-reported outcome measures, including the Dutch
version of the Health Assessment Questionnaire-Disability
Index (HAQ-DI) [19, 20]. The HAQ-DI measures physical
disabilities over the past week in 8 categories of daily living.
The total score ranges from 0 to 3, with higher scores indicat-
ing more disability. Data collection was facilitated by a web-
based entry and monitoring application for the physicians and
nurses as well as for the patients.

Healthcare costs were collected and calculated based on the
methods used in a previous study in this cohort [16]. In this
study, costs were determined by retrieving volumes of
hospital-related care (i.e., consultations with the rheumatolo-
gist and the rheumatology nurse, telephonic consultations, and
hospital admissions) from the hospital information system,
and medication (based on dosage and administration period)
use was retrieved from the study database. Medications in-
cluded in the cost analysis were MTX, SSZ, adalimumab,
etanercept, and infliximab. Each visit, telephone consultation,
hospital admission, and medication were multiplied by the
cost prices for each volume of care to calculate costs. The
standard cost prices from the Dutch Guideline for Cost
Analyses were used for hospital-related care [21]. The price,
based on personnel, material, and overhead costs of day care
hospital admissions required for treatment with infliximab or
rituximab, was estimated at a mean of €122 per day (on top of
the medication costs). Cost prices for medication were re-
trieved from the Dutch national tariff list provided by the
Dutch Board of Health Insurances. The base year was 2011
for all prices. Prices retrieved from other years were converted
to 2011 Euros using the general Dutch consumer price index
[22].

Since previous studies used different time frames for defin-
ing early remission, three cutoffs (2, 3, and 6 months after
baseline) were considered for all analyses of early remission.
For long-term follow-up, only the 1-, 3-, and 5-year data were
used. As the DREAM remission induction cohort is an obser-
vational study in daily clinical practice, the following time
windows were used for the different fixed time points in the
current analysis: 0 to 2 weeks (baseline), 6 to 10 weeks
(2 months), 10 to 14 weeks (3 months), 20 to 28 weeks
(6months), 42 to 54weeks (1 year), 18 to 30months (2 years),
30 to 42 months (3 years), and 54 to 66 months (5 years). In
case of multiple records within a time window, the record
closest to the actual time point was retained for analysis.

Statistical analysis

Continuous variables are summarized as mean and standard
deviation (SD). Categorical variables are expressed as num-
bers and percentages of observations with non-missing values.
Baseline and 1-, 3-, and 5-year disease activity and disability
scores were compared between patients categorized as early
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responders, i.e., being in early clinical remission defined as
DAS28-ESR < 2.6 or not at 2 months, 3 months, or 6 months,
respectively. Similarly, for the subsample of patients with
available healthcare resource usage cost data, cumulative
medication costs and resource costs at 2 and 3 years were
compared between patients using the same definitions of early
remission. Statistical differences in baseline characteristics
and long-term clinical and cost outcomes between remission
status groups were performed using the Pearson chi-square
tests for categorical variables and Welch’s t tests for continu-
ous variables. Since the cost data were non-normally distrib-
uted, additional non-parametric bootstrapping was used to
check on the robustness of the parametric standard tests. For
this, 95% bootstrap (1000 samples) bias-corrected accelerated
(BCa) intervals were calculated for group mean differences in
costs. Missing values were not imputed, and for the analyses
of both continuous and categorical endpoints, only patients
who had a baseline and at least one subsequent post-baseline
valid observation for the variable of interest were included in
the analysis.

Results

Population and follow-up

Out of 534 patients included in the DREAM remission induc-
tion cohort, data from 471 patients with a potential follow-up
of 5 years were available for analysis. Baseline characteristics
of the patients are listed in Table 1. All patients had active
disease at baseline. Median symptom duration was 13
(IQR = 8–30) weeks. More than half of the patients were
anti-cyclic citrullinated peptide antibody (anti-CCP)–positive
and more than 75% fulfilled the 1987 ACR criteria for RA
[23]. Using the current European League Against
Rheumatism (EULAR) definition [24], 16.1% of the patients
already had erosive disease at baseline.

There were no dropouts during the first year of the study,
but at 3 and 5 years, 103 (21%) and 150 (32%) patients,
respectively, had no follow-up measurements. Patients who
dropped out had significantly lower mean DAS28-ESR scores
than non-dropouts at baseline (4.27 vs. 4.64, P = 0.03), but not
at 12 months (2.42 vs. 2.46, P = 0.77). None of the other
continuous baseline or 12-month variables were associated
with dropping out.

Mean (SD) DAS28-ESR scores decreased from 4.56
(SD = 1.38) at baseline to 2.46 (1.04; n = 431) at 1 year.
Similar mean DAS28-ESR scores were observed at years 3
(mean = 2.36; SD = 1.11; n = 365) and 5 (mean = 2.29; SD =
1.05; n = 321). Mean HAQ-DI scores showed a similar pat-
tern, with mean scores decreasing from 0.91 (0.65; n = 429) at
baseline to 0.52 (0.55; n = 371), 0.53 (0.58; n = 296), and 0.55
(0.56: n = 231) at 1, 3, and 5 years, respectively. Ta
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Remission rates

The percentage of patients in early remission was 27.7% (120/
433), 38.2% (169/442), and 51.6% (228/442) at 2, 3, and
6 months, respectively. At 1, 3, and 5 years of follow-up,
remission rates were 61.7% (266/431), 63.0% (230/365),
and 68.8% (221/321), respectively.

Association between early remission and clinical
outcomes

As might be expected, patients being in remission at 2, 3, or
6 months had, on average, lower baseline DAS28-ESR and
HAQ-DI scores (Table 1). However, for all definitions of early
remission, disease activity scores and functional disability
scores for patients not achieving early remission scores
remained substantially higher throughout the full follow-up
(Table 2). One-year, 3-year, and 5-year DAS28-ESR and
HAQ scores tended to be lowest in those patients who were
already in remission at 2 months. Although the absolute dif-
ference in follow-up disease activity and disability between
early responders and non-early responders tended to decrease
over the follow-up time points, differences were still statisti-
cally significant for those patients completing the 5-year fol-
low-up. Similarly, being in early remission was significantly
associated with being in remission at 1 and 3 years (Fig. 2).
Across the different time points of early remission, 74.3 to
83.0% of patients with early remission were also in remission
at 1 and 3 years. In contrast, of those patients not in early
remission, only 37.7 to 56.7% achieved remission later on.
This difference was still present, but no longer significant,
for remission status at 5 years.

Association between early remission and healthcare
costs

Mean (SD) total medication costs per patient were €3342.09
(€7203.19) and €4427.07 (€10,767.48) for 0–2 years and 0–
3 years, respectively. Mean total resource costs (consultations
and admissions) were €1488.31 (€1281.90) per patient at year
2 and €1984.51 (€1496.59) at year 3. Across all different time
points, patients who failed to achieve early remission had
substantially higher cumulative medication costs over the first
2 years (Table 3). The absolute difference was mainly driven
by biologic medication use, although mean costs for conven-
tional synthetic DMARDs (csDMARDs) were also signifi-
cantly higher in patients not achieving early remission. Two-
year total medication costs tended to be lowest for those who
already achieved remission within 2 months of treatment.
Mean consultation costs were also slightly, but significantly,
higher for those not achieving early remission. Cumulative
total resource costs at 2 years were only significantly different
between patients with or without early remission at 3 or
6 months. Mean costs in the subgroup of patients with cumu-
lative 3-year cost data showed very similar results, with still
significantly higher total medication costs and consultation
costs for those who did not achieve early remission (Table 4).

Discussion

The aim of the current study was to, retrospectively, describe
the long-term outcomes for early RA patients who did or did
not achieve early remission in a real-world T2T strategy.
Taken together, the findings consistently suggest that

Table 2 Long-term disease activity and physical disability in patients with or without early remission

2 months 3 months 6 months

Yes No P Yes No P Yes No P

DAS28-ESR

1 year 1.99 (0.91)
(n = 109)

2.62 (1.05)
(n = 289)

< 0.01 2.04 (0.89)
(n = 156)

2.71 (1.07)
(n = 252)

< 0.01 1.99 (0.79)
(n = 223)

2.98 (1.05)
(n = 197)

< 0.01

3 years 2.01 (0.89)
(n = 84)

2.52 (1.17)
(n = 254)

< 0.01 2.03 (0.88)
(n = 127)

2.59 (1.20)
(n = 219)

< 0.01 2.05 (0.96)
(n = 179)

2.75 (1.18)
(n = 165)

< 0.01

5 years 1.96 (0.97)
(n = 79)

2.44 (1.09)
(n = 215)

< 0.01 2.06 (1.03)
(n = 115)

2.46 (1.07)
(n = 185)

< 0.01 2.12 (1.02)
(n = 157)

2.54 (1.06)
(n = 141)

< 0.01

HAQ-DI

1 year 0.32 (0.49)
(n = 93)

0.59 (0.55)
(n = 255)

< 0.01 0.33 (0.45)
(n = 136)

0.63 (0.58)
(n = 218)

< 0.01 0.36 (0.47)
(n = 185)

0.68 (0.59)
(n = 170)

< 0.01

3 years 0.25 (0.37)
(n = 69)

0.63 (0.61)
(n = 208)

< 0.01 0.34 (0.45)
(n = 105)

0.65 (0.62)
(n = 176)

< 0.01 0.37 (0.46)
(n = 147)

0.71 (0.66)
(n = 132)

< 0.01

5 years 0.41 (0.48)
(n = 54)

0.59 (0.59)
(n = 160)

0.02 0.42 (0.46)
(n = 78)

0.62 (0.61)
(n = 136)

< 0.01 0.44 (0.48)
(n = 117)

0.66 (0.63)
(n = 96)

< 0.01

P value from Welch’s t tests

DAS28-ESR Disease Activity Score based on 28-joint count calculated using the erythrocyte sedimentation rate, ESR erythrocyte sedimentation rate,
HAQ-DI Health Assessment Questionnaire-Disability Index
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achieving early remission in T2T patients is associated with
better clinical and functional outcomes and lower healthcare
costs in the long term.

This study is, to our knowledge, the first to explore the
benefits of early remission in real-world patients receiving
protocolized T2T therapy. The findings confirm previous
studies that have demonstrated the importance of early remis-
sion for long-term outcomes in clinical trials [11, 12] and in
observational studies [9, 10, 13] of early RA patients receiving

conventional, non-protocolized treatment and suggest that the
level of early treatment response in T2T may determine a
patient’s future outcomes and costs.

Since previous studies have used different time frames for
defining early remission or response, this study also examined
different time cutoffs for early remission. Regardless of using
a cutoff of 2, 3, or 6 months, the results showed similar asso-
ciations with long-term disease activity, functional disability,
and costs. Outcomes tended to be best for those already in
remission at 2 months.

First of all, early remission was consistently associated
with lower disease activity up to 5 years and a significantly
higher proportion of patients in clinical remission up to 3 years
of follow-up. This corresponds with previous studies that
showed that the level of disease activity during the first
3 months [11] or response during the first 6 months [12, 25]
of treatment was strongly related to the level of disease activ-
ity at 1-, 2-, and 5-year follow-up, respectively. Moreover, a
study in daily care patients showed that sustained remission
was mainly determined by time to remission, irrespective of
the type of treatment [9]. The association between time to
remission and sustained remission in early RA patients was
recently confirmed in another observational cohort study [10].
Patients achieving early remission in the current study also
had better functional ability for up to 5 years of follow-up.
Although previous studies did not specifically examine asso-
ciations with long-term self-reported physical function, this
finding indicates that early remission is also beneficial for
patient-reported outcomes.

Interestingly, in the current study, aCCP-positive patients
tended to be more likely to achieve remission at 6 months than
aCCP-negative patients. These patients may be more repre-
sentative of the core disease processes of RA and therefore
more responsive to DMARDs than aCCP-negative patients
with polyarthritis.

Besides clinical and functional outcomes, the study also
explored potential cost benefits of achieving early remission.
No previous studies have attempted to relate the clinical ben-
efits of early remission in T2T to achieve healthcare cost re-
ductions. The findings of this study showed that early remis-
sion was, as would be expected based on the treatment proto-
col, indeed associated with substantially lower medication
costs, especially when comparing patients in remission vs.
not in remission at 2 months. For patients not in remission at
2 months, 2- and 3-year medication costs were around ten
times higher. This difference was mainly driven by the use
of more biologics in this group, but the 2- and 3-year costs
associated with csDMARDs were also significantly higher for
patients not achieving early remission.

The current finding that early remission—even in a treat-
ment strategy that is already specifically targeted at achieving
remission as soon as possible—is still associated with better
long-term outcomes for patients and lower costs may have

Fig. 2 Proportions of patients in remission (DAS28-ESR < 2.6) at 1, 3,
and 5 years of follow-up, stratified by having achieved early remission at
2 months (top), 3 months (middle), or 6 months (bottom). P values are for
chi-square tests of differences in proportions of patients in follow-up
remission (yes/no) by early remission status (yes/no)
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implications for current T2T treatment guidelines and proto-
cols. For instance, Aletaha et al. [11] suggested that it may be
beneficial to already switch to alternative therapies if patients
are not in remission after 3 months of therapy with
csDMARDs. In 2012, DREAM started a new remission in-
duction cohort in which early RA patients are treated accord-
ing to an even more intensive T2T remission protocol, starting
with initial csDMARD combination therapy and switching to
biologic after 4months, in the case ofmoderate to high disease
activity [26]. First-year results showed that this new protocol
indeed resulted in an even shorter median time until remission
[27].

A strength of the DREAM remission induction cohort and
the current study is the short symptom duration of the patients
at the time of inclusion and treatment initiation. In the litera-
ture, the time durations used to define early RA have varied
widely, with durations as long as 2–3 years [28]. The window
of opportunity hypothesis, however, refers to the very early
phase of the disease.With a median symptom duration of only
13 weeks, patients in the current study can be considered to
represent Btrue^ early RA patients.

It should be noted that the analyses were done retrospec-
tively, using a relatively small sample of patients. However,

the DREAM remission induction cohort is an observational
study of early RA patients treated in daily clinical practice, in
contrast to clinical trials with often strict inclusion criteria,
potentially making the results more generalizable to patients
seen in real-life routine care [29, 30]. Also, the DREAM re-
mission induction cohort had already started in 2006 at which
timeless evidence was available about the effectiveness of
different T2T strategies. Consequently, several treatment steps
of this specific protocol are not fully in line with the current
EULAR recommendations for the management of RA [17].
For instance, the protocol did not include the option of
leflunomide as an alternative or additional csDMARD in the
case of non-response to MTX and allowed low-dose prednis-
olone administration only. Therefore, some caution should be
taken in generalizing the current findings to other, more recent
T2T strategies.

Given the exploratory nature of this post hoc study, analy-
ses were mostly descriptive and statistical tests were applied
independently to the different follow-up time points. Also,
because values were likely not to be missing at random, miss-
ing data were not imputed. Finally, given the limited sample
size, group comparisons were not adjusted for potentially con-
founding responsemodifiers. Taken together, these limitations

Table 3 Two-year mean costs per patient by early remission status at 2, 3, and 6 months

In remission Not in remission P Mean difference (95% Bca CI)
Mean (SD) Mean (SD)

2-month remission status n = 49 n = 196

csDMARDs €109.42 (69.31) €189.35 (181.56) < 0.01 79.93 (50.26–112.66)

bDMARDs €237.65 (1406.81) €3954.25 (7947.93) < 0.01 3716.60 (2574.90–4900.85)

Total medication €347.07 (1412.90) €4143.60 (7934.56) < 0.01 3796.52 (2656.30–4980.43)

Consults €1205.14 (351.08) €1354.86 (348.730) < 0.01 149.71 (29.59–250.94)

Admissions €129.91 (662.82) €196.63 (1346.34) 0.62 66.72 (− 206.65–335.77)

Total resource costs €1335.06 (770.16) €1551.49 (1407.34) 0.14 216.43 (− 92.69–514.34)
3-month remission status n = 69 n = 180

csDMARDs €110.18 (69.65) €197.45 (186.65) < 0.01 87.27 (58.21–120.32)

bDMARDs €570.57 (2589.90) €4241.45 (8196.15) < 0.01 3670.87 (2383.90–4977.60)

Total medication €680.76 (2595.60) €4438.90 (8179.26) < 0.01 3758.14 (2473.77–5065.11)

Consults €1171.31 (224.47) €1380.51 (376.56) < 0.01 209.20 (136.72–283.32)

Admissions €92.26 (560.04) €214.11 (1403.89) 0.32 121.85 (− 95.97–362.86)
Total resource costs €1263.56 (626.04) €1594.62 (1467.02) 0.01 331.06 (97.03–584.13)

6-month remission status n = 127 n = 118

csDMARDs €133.81 (84.07) €215.71 (219.23) < 0.01 81.90 (48.12–123.47)

bDMARDs €1393.89 (4932.71) €5336.85 (8842.59) < 0.01 3942.96 (2153.49–5679.11)

Total medication €1527.70 (4933.35) €5552.56 (8815.57) < 0.01 4024.87 (2232.16–5749.95)

Consults €1234.87 (307.53) €1427.07 (375.95) < 0.01 192.19 (108.03–275.52)

Admissions €103.02 (726.73) €271.11 (1.623.98) 0.30 168.09 (− 94.83–498.75)
Total resource costs €1337.89 (847.40) €1698.17 (1654.13) 0.04 360.28 (68.77–694.40)

P values from Welch’s t test

95% Bca CI 95% bootstrap bias-corrected accelerated confidence interval, bDMARDs biologic disease-modifying antirheumatic drugs, csDMARDs
conventional synthetic disease-modifying antirheumatic drugs, SD standard deviation
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could have biased the results and limits the inferences that can
be drawn.

In future studies examining the impact of early remission in
real-world T2T settings, propensity score matching or adjust-
ment in larger datasets may be useful to compare early remis-
sion status groups or other relevant subgroup analyses. For
instance, we explored differences in outcomes between pa-
tients who remained on csDMARDs vs. those who were
moved to bDMARD therapy, but the sample sizes of the sub-
groups in the current dataset were too small to allow a mean-
ingful analysis.

For the current study, cost data were only available for a
subgroup of patients and only for arthritis-related medications,
rheumatology visits, and consultations. The latter limitation
means that the current healthcare costs presented in this study
may underestimate the true healthcare costs of early RA pa-
tients receiving T2T therapy. Moreover, there were no data on
other costs of RA such as costs associated with work disabil-
ity, and the potential benefits of achieving early remission for
those costs. For instance, Puolakka et al. [31] showed that
early induction of remission predicted a patient’s ability to
continue working, thus lowering the costs to society.
Therefore, the actual total benefits of achieving early

remission in terms of both economic costs and patient-
related consequences are likely to be larger than the findings
reported in this study.

In summary, this retrospective study showed that achieving
early remission in T2T patients was associated with beneficial
outcomes for patients and lower costs in the long term. This
finding in a real-world cohort of patients suggests that there
may be opportunities to even further improve the treatment of
early RA patients in daily clinical care.
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Table 4 Three-year mean costs per patient by early remission status at 2, 3, and 6 months

In remission Not in remission P Mean difference (95% Bca CI)
Mean (SD) Mean (SD)

2-month remission status n = 20 n = 101

csDMARDs €140.18 (80.03) €287.93 (368.02) < 0.01 147.76 (79.88–229.81)

bDMARDs €529.80 (2369.32) €5011.69 (11,747.81) < 0.01 4481.90 (2082.15–7038.24)

Total medication €669.97 (2412.70) €5299.63 (11,719.40) < 0.01 4629.65 (2177.33–7221.74)

Consults €1640.59 (304.78) €1807.98 (401.56) 0.04 167.39 (10.17–322.83)

Admissions €159.14 (537.49) €231.81 (1592.03) 0.71 72.67 (− 257.08–441.17)
Total resource costs €1799.73 (715.32) €2039.79 (1622.71) 0.29 216.43 (− 179.47–666.64)

3-month remission status n = 30 n = 92

csDMARDs €154.34 (108.29) €297.94 (381.37) < 0.01 143.60 (70.09–237.43)

bDMARDs €1436.25 (4605.62) €5148.80 (12,104.97) 0.02 3712.55 (801.92–6778.20)

Total medication €1590.58 (4641.63) €5446.74 (12,071.52) 0.01 3856.15 (930.96–6935.18)

Consults €1659.46 (317.11) €1810.55 (414.45) 0.04 151.09 (10.21–299.51)

Admissions €106.09 (441.70) €254.49 (1667.15) 0.44 148.39 (− 147.30–548.57)
Total resource costs €1765.56 (613.70) €2065.04 (1697.36) 0.15 299.48 (− 55.21–742.45)

6-month remission status n = 59 n = 64

csDMARDs €176.91 (125.93) €338.00 (443.28) < 0.01 161.09 (75.28–273.62)

bDMARDs €953.66 (4365.68) €7195.48 (13,788.38) < 0.01 6241.82 (2944.09–9866.68)

Total medication €1130.57 (4380.32) €7533.48 (13,726.48) < 0.01 6402.91 (3139.59–10,026.37)

Consults €1641.27 (323.24) €1892.98 (419.35) < 0.01 251.71 (120.56–386.93)

Admissions €115.60 (563.83) €308.99 (1.949.93) 0.45 193.39 (− 159.84–712.42)
Total resource costs €1756.87 (720.06) €2201.97 (1948.13) 0.09 445.10 (63.06–945.03)

P values from Welch’s t test

95% Bca CI 95% bootstrap bias-corrected accelerated confidence interval, bDMARDs biologic disease-modifying antirheumatic drugs, csDMARDs
conventional synthetic disease-modifying antirheumatic drugs, SD standard deviation
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