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A B S T R A C T

Objectives: Rheumatoid arthritis (RA) has a considerable disease burden with life-long physical
limitations, reduced work productivity and high societal costs. Trials on arthralgia at-risk for RA
are therefore conducted, aiming to intercept evolving RA and reduce the disease burden. A 1-
year course of methotrexate in patients with clinically suspect arthralgia (CSA) caused sustained
improvements in subclinical joint inflammation and physical impairments. Since the cost-effec-
tiveness of treatment in CSA has never been investigated, we investigated whether methotrexate
is cost-effective.
Methods: Cost-effectiveness was assessed using the TREAT EARLIER trial. 236 patients with CSA
with subclinical joint inflammation were randomised to 1-year treatment with methotrexate, or
placebo, and followed for 2 years. Cost-effectiveness was analysed by computing costs and
effects. For costs, both a societal perspective (healthcare-productivity and work-productivity
costs) and a healthcare perspective (healthcare costs only) were used. For effects, quality
adjusted life years (QALYs) were used.
Results: Treatment increased QALYs by 0.041 (95% CI −0.050 to 0.091), and reduced costs
with €−4809 (95% CI −12 382 to 2726) over the course of 2 years using a societal per-
spective, with a probability of 88.1% that treatment was cost-effective. From a healthcare
perspective, the cost-difference between treatment and placebo was estimated at €−418
(95% CI −1198 to 225).
Conclusion: A fixed treatment course in individuals with arthralgia at-risk for RA and MRI-
detected subclinical joint inflammation resulted in better work productivity, lower healthcare
costs and improved quality of life over the course of 2 years; with the largest gain in productivity
costs. This is the first evidence that methotrexate treatment aiming at secondary prevention in
arthralgia at-risk for RA is cost-effective.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

� Recent trials in people with arthralgia at risk for rheumatoid
arthritis (RA) have shown that the severity of symptom burden
and imaging-detected joint inflammation can show sustained
improvements after disease-modifying anti-rheumatic drug
(DMARD) treatment.

� There is an ongoing debate whether people with arthralgia at
risk for RA should be treated with DMARDs, however, the eco-
nomic effects of an intervention in the arthralgia at risk phase
are unknown.

WHAT THIS STUDY ADDS

� This is the first study reporting on the cost utility of an inter-
vention in arthralgia at-risk for RA; 2-year follow-up data from
the total population studied in the TREAT EARLIER trial was
studied.

� A 1-year course of methotrexate in the at-risk phase of RA resulted
in less costs (mainly less work productivity costs, also lower
healthcare costs) and a small improvement in quality of life.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

� Fixed-interval treatment with methotrexate in patients with
arthralgia at risk for RA and subclinical joint inflammation is
cost-effective and has benefits for patients and society. This
may impact the debate on the treatment of people with arthral-
gia who are at risk for RA at a societal level and at an individual
patient level.
INTRODUCTION

Rheumatoid arthritis (RA) is the most prevalent chronic auto-
immune disease affecting 1% of the population. Annual societal
costs (including healthcare costs and work productivity loss) are
approximately €45 billion within Europe [1−3]. According to
current recommendations, RA can be diagnosed once clinically
apparent arthritis occurs. Subsequent treatment with disease-
modifying anti-rheumatic drugs (DMARDs) aims to suppress
inflammation, reduce joint destruction and disability. However,
the processes underlying RA development begin much earlier.
Autoimmunity can develop years before diagnosis, often in an
asymptomatic stage. Subsequently, symptoms may arise while
clinically apparent arthritis is still absent. A pattern of symptoms
and signs that carries an increased risk of RA is described as clin-
ically suspect arthralgia (CSA) [4]. In the CSA phase, symptoms
and physical impairments can be significant and result in signifi-
cant work productivity losses [5,6]. The symptomatic at-risk
stage is considered as a window-of-opportunity when treatment
could induce sustained improvements.

Recent trials have shown that the disease course could be
modified if DMARD treatment is provided in people with
arthralgia at risk for RA [7,8]. The TREAT EARLIER trial demon-
strated that methotrexate, the first-line treatment of RA, modi-
fied the disease course [9]. This was shown by a sustained
reduction of subclinical joint inflammation, improvements in
pain, functioning and work productivity [9]. These improve-
ments were present in individuals who developed RA, but also
in those who did not, and were present both in autoantibody-
positive and autoantibody-negative individuals. Very recently,
two trials showed that the chance of developing RA could be
reduced if people with anti-citrullinated protein antibody
(ACPA)-positive arthralgia were treated with abatacept [7,8].
Hence, secondary prevention of RA and/or its burden, defined
69
as early detection to improve health outcomes within the at-risk
stage, has become possible.

There is an ongoing debate about whether people at risk for
RA should be treated with DMARDs, for instance since not
everyone at-risk will eventually develop RA and treatment does
not completely prevent RA [7−9]. On the other hand, for metho-
trexate also patients who did not develop RA demonstrated sus-
tained benefits [9]. It is important to map the economic effects
within the healthcare sector and beyond in this discussion. How-
ever, the economic effects of an intervention in the arthralgia at
risk phase are unknown. Methotrexate is the first-line treatment
for RA, and has low costs (∼€60 per year per patient). It is rele-
vant to investigate whether this is a cost-effective investment in
the arthralgia phase. Therefore, we conducted an economic eval-
uation of the TREAT EARLIER trial, investigating the cost-effec-
tiveness of an intervention with methotrexate in patients with
CSA with subclinical joint inflammation.
METHODS

Study design

The TREAT EARLIER was a randomised, double-blind, pla-
cebo-controlled, proof-of-concept trial conducted between April
2015 and September 2019 at the Leiden University Medical Cen-
ter (LUMC), the Netherlands (previously described elsewhere)
(online supplemental file 2) [9]. Eligible patients were adults
with arthralgia at risk for RA who were referred from 13 rheu-
matology outpatient clinics in the southwestern part of the Neth-
erlands to the LUMC. Patients had to have recent onset
arthralgia of small joints (<1 year of problems), suspicious for
developing RA according to the rheumatologist, so-called CSA.
Per definition, patients with clinically apparent inflammatory
arthritis or another more plausible explanation for the problems
were excluded. Compliance with the European Alliance of Asso-
ciations for Rheumatology definition of arthralgia suspicious for
progression to RA was not mandatory, as it was not yet devel-
oped at the design and start of the trial [4]. Besides arthralgia,
patients also had to have subclinical inflammation. Prior to
inclusion, patients underwent MRI at the LUMC, to assess the
presence of subclinical joint inflammation. This was defined as
having at least one joint tissue (synovitis, tenosynovitis, osteitis)
with inflammation on MRI, scored by two independent blinded
readers, present in <5% of the age-matched, symptom-free
healthy population at the same location [10].

After inclusion in the trial (n=236), patients were rando-
mised (1:1) to one dose of intramuscular glucocorticoids and 1-
year of treatment with methotrexate or placebo, followed by a
second year without treatment. This second year was important
to determine whether treatment effects persisted after stopping
treatment, which is crucial in the context of prevention. The pri-
mary endpoint of the trial was the development of persistent
clinically apparent inflammatory arthritis. This was defined as
joint swelling confirmed by two rheumatologists, which needed
to be confirmed after 2 weeks to determine persistent inflamma-
tory arthritis. When the primary endpoint was reached, patients
exited the study.

During the trial, other DMARD treatments were not allowed,
unless the endpoint was reached. During the 2 years of follow-
up, patients had visits to the outpatient clinic every 4 months,
which included assessment of the primary endpoint and collec-
tion of clinical data as well as patient-reported outcomes. Addi-
tional visits were scheduled in between in case of an increase in
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symptoms. In total, 3% of patients in the treatment arm and 4%
of patients in the placebo arm were lost to follow-up [9].
Economic assessment

We performed cost-utility analyses to determine the incre-
mental cost per quality adjusted life-year (QALY) ratio of treat-
ment versus placebo. This incremental cost-effectiveness ratio is
the difference in costs between the treatment and placebo arm,
divided by the difference in QALYs, calculated with the follow-
ing formula:

ICER � �costs treatment arm � costs placebo arm�
�QALYs treatment arm � QALYs placebo arm�

For the economic evaluation, we used the societal perspec-
tive, that includes both healthcare costs and productivity costs,
as recommended by Zorginstituut Nederland [11]. We also used
a healthcare perspective, that includes only healthcare costs to
be able to compare results internationally, and to investigate the
influence of productivity costs on the outcome. In both perspec-
tives, we discounted costs at 3% and QALYs at 1.5% in the sec-
ond year to value future benefits properly [11].
Quality adjusted life years
QALYs express the impact of the disease on patients’ health

over time by combining the quantity of life years with the qual-
ity of life during these life years. Living in perfect health for
1 year and living for 2 years with a quality of life of 0.5 both cor-
respond to 1 QALY. The quality of life was measured with the
European Quality of Life 5-Dimensions 5-Level questionnaire
(EQ-5D-5L) and valued using the Dutch tariff [12,13]. From the
EQ-5D-5L, QALYs were calculated over a 2-year period by taking
the area under the curve.
Healthcare costs
Healthcare costs included medication costs and costs due to

medical consumption. Medication costs included only the costs
of the treatment used as intervention (one dose of intramuscular
glucocorticoids and 1-year course of methotrexate), and were
calculated from doses reported by patients. Medical consump-
tion, such as visits to the general practitioner, visits to the outpa-
tient clinic (which included laboratory testing and monitoring),
hospitalisations and care at home were self-reported every
4 months with the institute of medical technology assessment
(iMTA) medical consumption questionnaire [14]. Medication
and medical consumption were valued at Dutch standard prices
for the year 2024 (online supplemental table S1) [11,15].
Productivity costs
Productivity costs included absenteeism, defined as not being

at work because of sick leave and presenteeism, which indicates
reduced productivity while being at work. Productivity loss due
to absenteeism and presenteeism were measured using the
Work Productivity and Activity Impairment questionnaire [16].
The costs were estimated with the friction cost method, which
assumes the replaceability of every employee in time. Therefore,
only productivity costs from the start of long-term sick leave to
the end of the friction period are taken into account [11]. The
duration of this friction period is estimated using the time it
takes to fill in vacancies plus 4 weeks, which is currently 16.4
weeks in the Netherlands [11]. Productivity losses were valued
at standard hourly costs for the year 2024 (online supplemental
table S1) [11].
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Statistical analyses

The cost-effectiveness analysis was trial-based and followed
the statistical analysis plan of the trial [9].
Upper and lower limit analyses to handle missingness
Patients who developed the endpoint of clinically apparent

inflammatory arthritis exited the study and proceeded to regular
care, including the start of RA treatment (whereby methotrexate
is the first choice according to treatment recommendations for
RA) [1]. Ideally, we would have gathered the data from these
patients after development of clinically apparent arthritis
(figure 1). This design creates a challenge because the time to
the endpoint differs between the treatment and placebo arms,
with the placebo arm reaching the endpoint earlier compared
with the treatment arm [9]. Therefore, two scenario analyses
were performed. First, the lower limit analysis in which we ana-
lysed the data as available. In this analysis, we likely underesti-
mate the intervention effect, because patients who will develop
the endpoint probably have a higher disease burden, more medi-
cal consumption and productivity losses are expected to have a
shorter follow-up in the placebo group and start regular treat-
ment earlier. Second, the upper limit analysis, in which we
assumed that after patients have developed inflammatory arthri-
tis, their outcome measures remain stable over time until the
end of the study (last observation carried forward). In this analy-
sis, we likely overestimate the intervention-effect since we
ignore a larger part of the possible impact of RA-treatment in
the placebo group than in the intervention group. We hypothes-
ised that these two scenario analyses would represent the upper
and lower limits of the true intervention effect.
Costs and effects
Both costs and QALYs were calculated using linear mixed

models. For productivity costs and quality of life, we used con-
strained linear mixed models with time in months and treatment
as independent variables. Constrained longitudinal data analysis
is a well-established unconditional technique that constrains
means of baseline to be equal between groups. A random inter-
cept per individual and a random slope for the time variable
were used. For healthcare costs a constrained generalised linear
mixed effect model was used with a log link and gamma distri-
bution, to be able to best fit the skewed cost data. For all linear
mixed models, the interaction between time and treatment was
tested to examine if the difference between treatment and pla-
cebo changed over time. Model assumptions (constant variance,
normality and independence of the errors) were checked graphi-
cally by inspection of residuals. Random effects were assumed
to be normally distributed with mean 0 and unknown variance
and to be independent of residuals. Both the average costs per
patient over 2 years were reported, as well as the numbers
needed to treat to save a certain amount of euros or improve
workability with a certain amount of days.
Probabilistic sensitivity analysis
After arriving at the point estimates for costs and QALYs, a

probabilistic sensitivity analysis was performed to assess the
uncertainty in these estimates. A bootstrap sample was drawn
10 000 times. From the results, 95% CIs were obtained. The out-
comes were visually plotted within a cost-effectiveness plane
and a cost-effectiveness acceptability curve, explained in online
supplemental figure S1.



Figure 1. Overview of the upper and lower limit analyses that were used to arrive at the boundaries of the true effect of treatment. Patients who did
not develop RA had complete data until the end of the trial. According to the trial protocol of the TREAT EARLIER study, patients who developed the
endpoint exited the study. Because the time to the endpoint was different for patients within the treatment arm and the placebo arm, we had to handle
the missingness of the data of these patients. Therefore, we conducted two analyses in which we approximated the true effect by setting an upper and a
lower limit, as indicated in the figure. For the lower limit analysis, the data was analysed as it was, which probably results in an underestimation of the
treatment effect, because patients who developed RA remained longer within the treatment arm compared with placebo, thereby having a larger
impact of disease on a group level. For the upper limit analysis, the data of the patients with RA was carried forward to the end of the study after
2 years. In this way, the impact of the disease was larger and probably results in an overestimation of the treatment effect, since now in the placebo
arm there is a longer impact of the disease due to extrapolation of the time point that the RA diagnosis was made. RA, rheumatoid arthritis.
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Role of the funding source

This research was funded by the Dutch Research Council
(NWO), the Dutch Arthritis Society and ZonMw. The funders of
the study had no role in study design, data collection, data anal-
ysis, data interpretation or writing of the report.

Institutional review board approval

The protocol of the TREAT EARLIER trial was approved by
the LUMC medical ethics committee (P14.296).

RESULTS

Patients

The baseline characteristics of the 236 patients are shown in
table 1. On average, patients were aged 46 years at inclusion in
the treatment group and 47 years in the placebo group, 62% and
68% were women, respectively. Median tender joint counts at
baseline were four in the treatment group, and three in the pla-
cebo group. In both groups, 33% of patients were ACPA and/or
rheumatoid factor positive. Functional limitations, measured
71
with the Health Assessment Questionnaire, were similar in both
groups (0.7).

Medical consumption

Medical consumption consisted of costs due to medication
and healthcare use. Medication costs comprised of costs of meth-
otrexate and one intramuscular glucocorticoid injection at base-
line. On average, patients used 7.7 tablets per week, reflecting a
weekly dose of 19 mg (table 2). Medication costs were estimated
at €68 per treated patient in the intervention arm. Almost all
patients went to the general practitioner, and all patients visited
a specialist (table 2). The number of patients that had medical
consumption was similar between the arms, though a number of
visits/days was higher in the placebo arm compared with the
treatment arm. This difference occurred at the level of visits to
the physical therapist, visits to other primary care, hospital
admissions and care at home (table 2). Medical consumption
costs per patient over 2 years were estimated to be €2181 for
the treatment arm and €2667 for the placebo arm. In other
words, to save €10 000 on medical costs, it is necessary to treat
at least 21 patients with CSA and subclinical joint inflammation
detected with MRI compared with placebo.



Table 1
Baseline characteristics of the TREAT EARLIER trial

Treatment group
(n=119)

Placebo group
(n=117)

Age 46 (13) 47 (11)
Aged above 67 8 (7) 2 (2)
Female sex 74 (62) 80 (68)
Symptom duration, weeks 28 (13−45) 27 (16−50)
68-TJC 4 (1−8) 3 (1−9)
ACPA and/or RF positive 39 (33) 38 (33)
Quality of life (EQ-5D-5L index) 0.64 (0.28) 0.66 (0.23)
Paid work 85 (74) 95 (83)
Working hours per week 32.8 (10.9) 31.1 (11.4)
Presenteeism 36% (28) 35% (29)
Absenteeism 7.8% (23) 7.2% (22)
HAQ-DI 0.71 (0.61) 0.70 (0.53)

Data are n (%), mean (SD) or median (IQR).
ACPA, anti-citrullinated protein antibody; EQ-5D-5L, EuroQol Quality of
Life Questionnaire with 5 Dimensions measured with 5 Levels; HAQ-DI,
Health Assessment Questionnaire Disability Index; RF, rheumatoid fac-
tor; 68-TJC, tender joint count including 68 joints.

E. van Mulligen et al. Ann Rheum Dis 84 (2025) 68−76
Productivity losses

In total, 47% of patients in the treatment arm, and 49% in the
placebo arm reported sick leave, with a mean duration of 32 and
57 days over 2 years after application of the friction cost method
(table 2). Presenteeism was the highest contributor to productivity
losses, and was reported by 79% of patients in the treatment arm
and 87% of patients in the placebo group and occurred on average
on 133 and 165 days (table 2). To improve the number of days
without work productivity losses by 7 days per year, only two
patients with CSA with subclinical joint inflammation detected
with MRI needed to be treated compared with placebo. Average
costs per patient over 2 years due to productivity losses were
Table 2
Average productivity losses and healthcare usage indicated for both treatment arm

Treatment

Productivity n of patients (%)

Mean n of days
among those with
productivity loss (SD)

Mean n of da
across all
patients (SD)

Absenteeism 56 (47) 32 (60) 14 (43)
Presenteeism 67 (79) 133 (104) 75 (102)

Medication in first
year n of patients (%) Mean dosag

Methotrexate 119 (100) 19.1 (7.4) mg
Intramuscular
methylprednisolone
injection

118 (99) 120 mg

Medical
consumption n of patients (%)

Mean visits/days
among the users (SD)

Mean across
patients (SD)

Visit to the general
practitioner

114 (96) 10.3 (9) 9.8 (9)

Visit to the physical
therapist

63 (53) 22.8 (32) 12.1 (26)

Visit to other primary
care*

54 (45) 16.6 (18) 7.6 (15)

Visit to a specialist 119 (100) 7.0 (8) 7.0 (8)
Day treatments 26 (22) 10.6 (8) 6.3 (8)
Hospital or other
admissionsy, days

12 (10) 5.2 (4) 0.5 (2)

Care at home, hours 6 (5) 182 (259) 9.2 (67)

* Other includes psychologist, dietician, occupational physician, social worker, spee
y Other admissions include psychiatric, revalidation or other centres.

n, number.
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estimated to be €33 310 for the treatment arm, and €37 700 for
the placebo arm. To be able to save €100 000 on productivity costs,
it requires treatment of at least 23 patients with CSA and subclini-
cal joint inflammation detected with MRI, compared with placebo.

Cost-effectiveness analysis

For the lower limit analysis, total costs (both healthcare and
productivity costs) were estimated to be €35 559 for the treatment
arm and €40 368 for the placebo arm, a difference of €4809 (95%
CI −12 382 to 2726). Corresponding QALYs were 1.40 and 1.36,
with a difference of 0.0408 (95% CI −0.0499 to 0.0906), indicat-
ing that treatment was the dominant strategy, because it was less
costly and more effective (table 3). The main cost driver were the
productivity costs, accountable for 97% of difference in costs.

For the upper limit analysis, the cost difference between
treatment and placebo was estimated at €−7420 (95% CI −15
484 to 771), and the difference in QALYs were 0.0440 (95% CI
−0.0499 to 0.0906) (table 3). This indicates that, as expected,
differences between treatment and placebo were larger within
the upper limit analysis (table 3).

Probabilistic scenario analyses

The probabilistic scenario analyses, visualised in figure 2,
showed for the lower limit analysis that 67.3% out of 10 000
bootstrapped iterations were less costly and more effective, indi-
cating that treatment was acceptable (for explanation; online
supplemental figure S1). For the upper limit analysis, treatment
was less costly and more effective for 70.9% out of 10 000 boot-
strapped iterations (figure 2).

In online supplemental figure S2 the likelihood that treatment
was cost-effective compared with placebo was shown across a
range of cost-effectiveness thresholds. For every threshold
s over 2 years

Placebo

ys
n of patients
(%)

Mean n of days
among those with
productivity loss (SD)

Mean n of days across
all patients (SD)

57 (49) 46 (69) 22 (53)
83 (87) 165 (129) 117 (132)

e (SD) n of patients (%) Mean dosage (SD)

0 −
0 −

all
n of patients (%)

Mean visits/days
among the users (SD)

Mean across all
patients (SD)

113 (97) 8.2 (7) 7.9 (7)

62 (53) 24.9 (31) 13.2 (25)

51 (44) 19.1 (23) 8.3 (18)

117 (100) 7.1 (8) 7.1 (8)
27 (23) 10.7 (8) 6.6 (8)
11 (9) 8.6 (9) 0.8 (4)

2 (2) 407 (502) 7.0 (71)

ch therapist and complementary medicine.



Table 3
Data from the lower and upper limit analyses based on the societal perspective, including
both productivity costs and healthcare costs and the healthcare perspective, including only
healthcare costs. All analyses resulted in less costs in the treatment arm, and more QALYs

Treatment Placebo Difference (95% CI)

Lower limit analysis
Costs from a societal perspective €35 559 €40 368 €−4809 (−12 382 to 2726)
Costs from a healthcare perspective €2249 €2667 €−418 (−1198 to 225)
QALYs 1.400 1.359 0.0408 (−0.0499 to 0.0906)
Upper limit analysis
Costs from a societal perspective €35 585 €43 005 €−7420 (−15 484 to 771)
Costs from a healthcare perspective €2125 €2642 €−517 (−1269 to 103)
QALYs 1.384 1.340 0.0440 (−0.0499 to 0.0906)

Costs are indicated as average per patient over 2 years, QALYs were measured over 2 years.
QALY, quality adjusted life-year.
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indicated at the x-axis, the proportion of bootstrapped iterations
having a cost-effectiveness ratio at or below that threshold is plot-
ted. At a threshold level of €50 000 per QALY, 88.1% of boot-
strapped iterations indicated cost-effectiveness for treatment for
the lower limit analysis (online supplemental figure S2A). For the
upper limit analysis, 98.1% of bootstrapped iterations indicated
cost-effectiveness for treatment (online supplemental figure S2B).
Since the probability remained relatively stable when the thresh-
old changed for both analyses, treatment was the preferred option
over placebo across all levels of the threshold.
Healthcare perspective only

When using a healthcare perspective, including only health-
care-related costs and no productivity costs, corresponding total
costs were estimated at €2249 for the treatment arm and €2667
for the placebo arm for the lower limit analysis, resulting in a
Figure 2. Results from the probabilistic uncertainty analyses shown in a cost
perspective. The cost-effectiveness plane visually shows the differences in c
from a societal perspective, that includes healthcare and productivity costs. T
ter effects (QALYs) were seen in the treatment arm. The bootstrapped result
tainty of the estimate, in every corner of the graphs the percentage of boot
online supplemental figure S1. QALY, quality adjusted life-year.
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cost difference of €−418 (95% CI 1198 to 225). Using the upper
limit analysis the difference was €−517 (95% CI 1269 to 103)
(table 3). This indicates again less costs in the treatment arm
compared with placebo. Probabilistic scenario analyses, indi-
cated in figure 3, show the same as the societal analysis. When
using a willingness-to-pay threshold of €50 000, in total 78.0%
of the lower limit analysis and 82.2% of the upper limit analysis
indicated that treatment was cost-effective over placebo (online
supplemental figure S3).
DISCUSSION

In this randomised, double-blind, placebo-controlled trial, we
showed that an intramuscular injection with glucocorticoids fol-
lowed by a 1-year course of methotrexate in patients with
arthralgia at-risk for RA and subclinical inflammation detected
with MRI is cost-effective over the course of 2 years. Treatment
-effectiveness plane of the lower and upper limit analysis from a societal
osts (y-axis) and effects (x-axis) between treatment and placebo shown
he point estimate (black circle and cross) indicate that less costs, but bet-
s (10 000 replications, blue circles and orange crosses) show the uncer-
strap iterations in that quadrant is indicated. For more explanation, see



Figure 3. Results from the probabilistic uncertainty analyses shown in a cost-effectiveness plane of the lower and upper limit analysis from a health-
care perspective. The cost-effectiveness plane visually shows the differences in costs (y-axis) and effects (x-axis) between treatment and placebo shown
from a societal perspective, that includes healthcare and productivity costs. The point-estimate (black circle and cross) indicate that less costs, but bet-
ter effects (QALYs) were seen in the treatment arm. The bootstrapped results (10 000 replications, blue circles and orange crosses) show the uncer-
tainty of the estimate, in every corner of the graphs the percentage of bootstrap iterations in that quadrant is indicated. For more explanation, see
online supplemental figure S1. QALY, quality adjusted life-year.
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during the TREAT EARLIER trial resulted in less costs, and a
small improvement in quality of life. To our knowledge, this is
the first study to assess the cost-effectiveness of a fixed-term
treatment of people with arthralgia at-risk for RA.

The clinical report of the total patient population studied in
the TREAT EARLIER trial showed no prevention of RA, but did
demonstrate sustained improvements in subclinical joint inflam-
mation, physical function, pain, morning stiffness of joints and
work productivity due to treatment [9]. Importantly, these bene-
ficial effects were obtained in both patients who progressed to
RA as in patient who did not develop RA [9]. The outcomes rele-
vant to cost-effectiveness analyses, that is, quality of life, health-
care usage and work productivity showed beneficial effects in
line with those reported in the initial clinical report with 2 years
follow-up [9]. Because of these improvements, and the afford-
ability of the treatment, treatment with methotrexate was found
to be cost-effective.

Total costs were predominantly determined by productivity
losses. This has been previously described in established RA; in
these patients, productivity costs represented ∼70% of the total
costs [17]. The fact that this is ∼90% in patients with CSA might
be due to the fact that patients were not diagnosed yet, and med-
ical costs, that is, RA-related treatment costs, are therefore
lower.

The average age of our population was 46 years. This indi-
cates that the average patient is in the middle of his or her work-
able life, and most patients with CSA still have about 20 years of
labour to contribute to society. The presence of symptoms or
impairments that reduce productivity, therefore, has not only a
great impact on the lives of individual persons, but also on soci-
ety. Previously, it was shown that work productivity at RA diag-
nosis was the most important predictor of sick leave and
disability pension over the course of 3 years [6]. From this, it
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may be presumed that when work productivity can already be
improved in the at-risk phase of RA, this might exert its effect on
the longer-term of those that develop RA. The current data on
the cost-effectiveness of treatment in a risk stage of RA may fuel
further studies aiming to achieve interception or prevention of
developing RA, aiming to lower the impact of RA on society.

Discussions on secondary prevention also include the risk of
overtreatment. The TREAT EARLIER trial showed that the bene-
ficial effects of early treatment, that is, improvements in subclin-
ical inflammation, symptoms and physical functioning, were not
restricted to individuals who progressed to RA, but were also
present in those who did not develop RA [9]. Treatment in these
patients could even reduce joint inflammation and symptoms to
almost normal levels, in contrast to the placebo group [9]. The
effectiveness in both patients who did or who did not develop
RA may contribute to the current finding of cost-effectiveness in
the total trial population.

Despite the overall effect of an improvement in quality of life
and less costs due to treatment, the question arises whether
there are certain groups that will benefit more than others. Ide-
ally, those who will benefit most from treatment should be tar-
geted. Future studies are needed to be able to further narrow
down the subgroups at risk, to arrive at stratified secondary pre-
vention. Then cost-effectiveness analyses could be performed in
the most relevant patient groups.

Generalisability of costs from the current study might be dif-
ficult, since every country has its own social security and health-
care system. In the Netherlands, the societal perspective is
mandatory in cost-effectiveness analyses while in other coun-
tries the healthcare perspective is advocated. In the Netherlands,
willingness to pay is considered to be €50 000 per QALY gained
for RA, but this threshold differs across countries [18]. Cost-
effectiveness was shown via different perspectives and different
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levels of willingness to pay, indicating that the conclusions
drawn are robust and probably also apply to other situations
and healthcare systems.

Of note, costs for screening the patients before inclusion in
the trial, including costs of MRI scans to assess subclinical joint
inflammations, were not taken into account. This, however,
should not have an influence on the cost-effectiveness outcomes
for this trial as these were similar in treatment and placebo
arms. Nonetheless, such costs might be worthwhile to include in
other cost-effectiveness analyses in screening and/or real-world
settings. A limitation is that there was no economic data col-
lected after patients developed persistent clinically apparent
inflammatory arthritis. Since patients with the endpoint proba-
bly had a higher burden of disease compared with those without
the endpoint, and since the time to the endpoint was longer in
the treatment arm compared with the placebo arm, there was
more data collected on patients progressing to RA in the treat-
ment arm. This could lead to an underestimation of the treat-
ment effect. To overcome this, we designed upper and lower
limit analyses in which we assumed for the upper limit analysis
that patients developing clinical arthritis would remain in the
study but kept the same level of all measurements throughout
the remainder of the study (ie, last observation carried forward).
In reality, those patients would receive antirheumatic treatment
and their burden of disease would improve. We believe that by
applying this approach, we have provided an underestimation
(lower limit analysis) and an overestimation (upper limit analy-
sis) of the true effect. Reflecting on the results, in all provided
analyses we showed that treatment resulted in less costs and bet-
ter QALYs, which emphasises the strength of our results.

Strengths of the current study include the randomised design
which causes good internal validity. Also, validated outcome
measures were used for calculations of QALYs and costs. Fur-
thermore, questionnaires were collected every 4 months, and
overall loss to follow-up was limited (<5%). Finally, the TREAT
EARLIER trial is the first randomised controlled trial reporting
on the cost utility of treatment with methotrexate in the at-risk
phase of RA.

Future studies should focus on the longer-term outcomes of
the initiation of methotrexate in the arthralgia phase at risk for
RA. The current study had a 2-year follow-up period that started
at the at-risk stage of arthralgia. Second, since the pathophysiol-
ogy of ACPA-positive RA and ACPA-negative RA is different,
future research could evaluate differences in cost-effectiveness
in ACPA-positive and ACPA-negative at-risk states. Such future
analyses should also address the heterogeneity in risk for RA
that is present in the patient population of the TREAT EARLIER
trial, and in the ACPA-negative risk group in particular. Lastly,
since RA is a chronic disease for which part of the patients
require expensive biologicals, future cost-effectiveness analyses
should also consider a lifetime horizon. This requires health eco-
nomic modelling to extrapolate short-term trial-based data.

In conclusion, we showed that treatment of people with
arthralgia at-risk for RA and subclinical joint inflammation
detected with MRI resulted in better work productivity, lower
healthcare costs and improved quality of life. These data provide
the first evidence that first-line treatment aiming at secondary
prevention in arthralgia at-risk for RA is cost-effective.

Trial registration

EudraCT, 2014-004472-35, and the Netherlands Trial Regis-
ter, NTR4853-trialNL4599.

X Elise van Mulligen @elisevmulligen
75
Acknowledgments

We thank all participating patients and rheumatologists for
their invaluable contributions. This work has been previously
presented at EULAR2024 congress [19].

Contributors

All authors made substantial contributions to the design of
the work, acquisition of data or their interpretation. EvM and
AvdH-vM had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of
the data analysis. Concept and design of the study: AvdH-vM
and EvM. Acquisition, analysis or interpretation of data: All
authors. Drafting of the manuscript: EvM. Critical revision of
the manuscript for important intellectual content: All authors.
Statistical analysis: EvM, SSB and LMAG. Obtained funding:
AvdH-vM. Administrative, technical or material support:
AvdH-vM, SSB and EvM. Supervision: AvdH-vM. EvM is the
guarantor.
Funding

The TREAT EARLIER trial was funded by the Dutch Research
Council (NWO) and the Dutch Arthritis Society. This work was
funded by ZonMW, Efficiency grant number 10390012110002
and the Dutch Arthritis Society.

Competing interests

None declared.

Patient and public involvement

Patient partners were involved in the design of the TREAT
EARLIER trial.

Patient consent for publication

Consent obtained directly from patient(s).

Ethics approval

Approval was received from ‘Commisie Medische Ethiek’ of
the Leiden University Medical Centre (B19.008). Consent for
publication was not applicable.

Data availability statement

Data are available upon reasonable request. The data are
available upon reasonable request via the corresponding author.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1136/ard-2024-226286.

REFERENCES

[1] Smolen JS, Landew�e RBM, Bergstra SA, et al. EULAR recommendations for
the management of rheumatoid arthritis with synthetic and biological dis-
ease-modifying antirheumatic drugs: 2022 update. Ann Rheum Dis
2023;82:3–18. doi: 10.1136/ard-2022-223356.

https://x.com/elisevmulligen
https://doi.org/10.1136/ard-2024-226286
https://doi.org/10.1136/ard-2022-223356


E. van Mulligen et al. Ann Rheum Dis 84 (2025) 68−76
[2] McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N Engl J Med
2011;365:2205–19. doi: 10.1056/NEJMra1004965.

[3] Lundkvist J, Kast€ang F, Kobelt G. The burden of rheumatoid arthritis and
access to treatment: health burden and costs. Eur J Health Econ 2008;8(Suppl
2):S49–60. doi: 10.1007/s10198-007-0088-8.

[4] van Steenbergen HW, Aletaha D, Beaart-van de Voorde LJJ, et al. EULAR def-
inition of arthralgia suspicious for progression to rheumatoid arthritis. Ann
Rheum Dis 2017;76:491–6. doi: 10.1136/annrheumdis-2016-209846.

[5] Rogier C, de Jong PHP, van der Helm-van Mil AHM, et al. Work participation is
reduced during the development of RA, months before clinical arthritis manifests.
Rheumatol (Oxford) 2022;61:2583–9. doi: 10.1093/rheumatology/keab793.

[6] Olofsson T, Petersson IF, Eriksson JK, et al. Predictors of work disability dur-
ing the first 3 years after diagnosis in a national rheumatoid arthritis incep-
tion cohort. Ann Rheum Dis 2014;73:845–53. doi: 10.1136/annrheumdis-
2012-202911.

[7] Rech J, Tascilar K, Hagen M, et al. Abatacept inhibits inflammation and onset
of rheumatoid arthritis in individuals at high risk (ARIAA): a randomised,
international, multicentre, double-blind, placebo-controlled trial. Lancet
2024;403:850–9. doi: 10.1016/S0140-6736(23)02650-8.

[8] Cope AP, Jasenecova M, Vasconcelos JC, et al. Abatacept in individuals at
high risk of rheumatoid arthritis (APIPPRA): a randomised, double-blind,
multicentre, parallel, placebo-controlled, phase 2b clinical trial. Lancet
2024;403:838–49. doi: 10.1016/S0140-6736(23)02649-1.

[9] Krijbolder DI, Verstappen M, van Dijk BT, et al. Intervention with methotrex-
ate in patients with arthralgia at risk of rheumatoid arthritis to reduce the
development of persistent arthritis and its disease burden (TREAT EARLIER):
a randomised, double-blind, placebo-controlled, proof-of-concept trial. Lan-
cet 2022;400:283–94. doi: 10.1016/S0140-6736(22)01193-X.

[10] Mangnus L, van Steenbergen HW, Reijnierse M, et al. Magnetic Resonance
Imaging-Detected Features of Inflammation and Erosions in Symptom-Free
76
Persons From the General Population. Arthritis Rheumatol 2016;68:2593–
602. doi: 10.1002/art.39749.

[11] Hakkaart-van Roijen L, Peeters S, Kanters T. Zorginstitituut Nederland Avail-
able:. https://www.zorginstituutnederland.nl/over-ons/publicaties/publica-
tie/2024/01/16/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-
in-de-gezondheidszorg; 2024.

[12] Herdman M, Gudex C, Lloyd A, et al. Development and preliminary testing of
the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res
2011;20:1727–36. doi: 10.1007/s11136-011-9903-x.

[13] Versteegh M, Vermeulen K, Evers S, et al. Dutch Tariff for the Five-Level Ver-
sion of EQ-5D. V H 2016;19:343–52. doi: 10.1016/j.jval.2016.01.003.

[14] Bouwmans C, Hakkaart-van Roijen L, Koopmanschap M, et al. Handleiding
iMTA medical cost questionnaire (iMCQ). Rotterdam: iMTA, Erasmus Univer-
siteit Rotterdam; 2013.

[15] Zorginstitituut Nederland. Available: http://www.medicijnkosten.nl; 2024.
[16] Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of a work

productivity and activity impairment instrument. Pharmacoeconomics
1993;4:353–65. doi: 10.2165/00019053-199304050-00006.

[17] Braakman-Jansen LMA, Taal E, Kuper IH, et al. Productivity loss due to
absenteeism and presenteeism by different instruments in patients with RA
and subjects without RA. Rheumatol (Oxford) 2012;51:354–61. doi:
10.1093/rheumatology/ker371.

[18] Schurer M, Matthijsse SM, Vossen CY, et al. Varying Willingness to Pay Based
on Severity of Illness: Impact on Health Technology Assessment Outcomes of
Inpatient and Outpatient Drug Therapies in The Netherlands. V Health
2022;25:91–103. doi: 10.1016/j.jval.2021.08.003.

[19] Van Mulligen E, Bour S, Goossens L, et al. POS0009 COST-utility analysis of
the treat earlier trial: a one year course of methotrexate in clinically suspect
arthralgia patients is cost-effective. Ann Rheum Dis 2024;83:449–50. doi:
10.1136/annrheumdis-2024-eular.570.

https://doi.org/10.1056/NEJMra1004965
https://doi.org/10.1007/s10198-007-0088-8
https://doi.org/10.1136/annrheumdis-2016-209846
https://doi.org/10.1093/rheumatology/keab793
https://doi.org/10.1136/annrheumdis-2012-202911
https://doi.org/10.1136/annrheumdis-2012-202911
https://doi.org/10.1016/S0140-6736(23)02650-8
https://doi.org/10.1016/S0140-6736(23)02649-1
https://doi.org/10.1016/S0140-6736(22)01193-X
https://doi.org/10.1002/art.39749
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2024/01/16/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2024/01/16/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/over-ons/publicaties/publicatie/2024/01/16/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1016/j.jval.2016.01.003
http://refhub.elsevier.com/S0003-4967(24)00581-8/sbref140
http://refhub.elsevier.com/S0003-4967(24)00581-8/sbref140
http://refhub.elsevier.com/S0003-4967(24)00581-8/sbref140
http://www.medicijnkosten.nl
https://doi.org/10.2165/00019053-199304050-00006
https://doi.org/10.1093/rheumatology/ker371
https://doi.org/10.1016/j.jval.2021.08.003
https://doi.org/10.1136/annrheumdis-2024-eular.570

	Is a 1-year course of methotrexate in patients with arthralgia at-risk for rheumatoid arthritis cost-effective? A cost-effectiveness analysis of the randomised, placebo-controlled TREAT EARLIER trial
	Introduction
	Methods
	Study design
	Economic assessment
	Quality adjusted life years
	Healthcare costs
	Productivity costs

	Statistical analyses
	Upper and lower limit analyses to handle missingness
	Costs and effects
	Probabilistic sensitivity analysis

	Role of the funding source
	Institutional review board approval

	Results
	Patients
	Medical consumption
	Productivity losses
	Cost-effectiveness analysis
	Probabilistic scenario analyses
	Healthcare perspective only

	Discussion
	Trial registration
	Acknowledgments
	Contributors
	Funding
	Competing interests
	Patient and public involvement
	Patient consent for publication
	Ethics approval
	Data availability statement

	Supplementary materials
	References


