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CHAPTER 1

TNF-INHIBITOR THERAPY IN RHEUMATOID ARTHRITIS
Rheumatoid arthritis (RA) is a systemic inflammatory disorder and the most common form
of inflammatory arthritis. It has a substantial societal impact in terms of cost, disability,
and lost productivity. RA signs and symptoms in early disease are driven by inflammation
and include joint pain, joint stiffness, and joint swelling. Untreated, the disease can affect
many organs throughout the body, but the joints are usually most severely affected.
Although there is impressive knowledge on the pathology of RA, the cause of RA remains
unknown. Presently, the hypothesis that the combination of a susceptible genetic profile
in combination with external factors triggers the onset of the inflammatory disease
is widely accepted. The prevalence of RA is estimated around 1%. The course of the
disease is variable if untreated. Approximately 15% to 20% of patients have a relatively
good prognosis. In other patients, a more progressive disease course is present. In some
patients a rapid course of increasing joint damage is seen (1,2).
Several auto-antibodies have been found in RA, especially rheumatoid factor (RF) and anticitrullinated peptide antibodies (ACPA). Although RF is the ‘classic’ auto-antibody in RA, it
can be found also in healthy people and other types of immune mediated diseases. The
sensitivity and specificity of RF for RA are up to 70% and 85%, respectively. ACPA is slightly
more specific for RA (sensitivity up to about 70% and specificity up to 95%) and thought to
play a role in the pathogenesis of the disease(3).
Therapeutic strategies in RA have been changed in the last decades. In the 1970s, it was
common to start with Aspirin or non-steroidal anti-inflammatory drugs (NSAIDs). In those
days, available disease-modifying anti-rheumatic drugs (DMARDs) were only initiated once
radiographic damage had been demonstrated(4). Especially outside Europe, patients were
frequently treated with corticosteroids only.
Over the last decades of the last century, conventional DMARDs became available,
such as anti-malaria (hydroxychloroquine), sulphasalazine, oral gold, intramuscular gold,
azathioprine and methotrexate (MTX). In general, the dose effect relation and the dose
toxicity relation were disappointing, resulting in their application being restricted to late in
course of the disease. At the turn of the century, treatment strategies changed. DMARD
therapy was started earlier in the disease course and sometimes in combination therapy.
Some Dutch clinical trials such as the COBRA, DREAM Remission Induction Study and
BeSt-study showed that initiation of combination therapy including corticosteroids in an
early phase of RA leads to less joint destruction and better outcomes(5–7).
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A major breakthrough for the treatment of RA was the development and introduction of
inhibitors of Tumor Necrosis Factor (TNFi) early this century(8). If csDMARDs are unable
to control RA disease activity, addition of a TNFi or other biological (b)DMARD should
be considered(9). Also, it has been demonstrated that early effective treatment in RA is
associated with prevention, or at least limitation, of joint damage and long term disability.
Suggesting a possible therapeutic “window of opportunity,” by starting effective DMARD
therapy immediately after making the diagnosis(10,11).
A fundamental improvement in RA treatment strategies was the adoption of the remission
induction, or treat-to-target of remission, principle. The underlying principle of treat-totarget (T2T) strategies is that in a specific outcome domain, a measurement instrument and
measurement target is defined. Well-known examples of T2T are diabetes mellitus and
hypertension treatment. Subsequent use of T2T principles in RA confirmed that treating
RA to a target of remission, allows patients to reach better outcomes(12–15). According to the
2016 update of the EULAR recommendations, monitoring should be frequent in early and
active disease and if the target is not met at 3-6 months after the start of treatment, therapy
should be adjusted(9).
There have been many studies demonstrating the efficacy of adding TNFi to csDMARDs
to achieve disease remission(16–18). Whenthe prescription of a TNFi for RA patients results in
remission or low disease activity (LDA), however, prescribers and patients generally stay with
TNFi indefinitely. This may result in overtreatment, unnecessary side effects, and related costs
in some patients(19). TNFi are known to increase the risk of infections and are related to the
occurrence of some types of cancer(20–25). Since TNFi’s come at a considerable price, reducing
or stopping TNFi when the disease course allows to do so, might reduce side effects and
costs. However, it is unclear whether patients in remission or stable low disease activity need
to continue TNFi indefinitely or can safely and effectively stop this treatment.

A THEORETICAL FRAMEWORK ON TNF-INHIBITOR START,
STOPPING AND TAPERING
The holy grail in medicine is evidence provided by clinical trials. For starting a medical
intervention, in this case TNFi for the treatment of RA, this is relatively straightforward.
Consequently, numerous pivotal and non-pivotal trials on all TNFi components are available,
leaving no room to doubt the efficacy of TNFi for the treatment of RA. Data on stopping
or tapering TNFi, however, is relatively scarce and published in both dedicated and nondedicated studies. In order to help to understand the results of these studies, which will be
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reviewed below, it is helpful to discuss a framework based on available clinical knowledge
on RA diagnosis, classification, pathology, natural history and treatment.
RA is not a homogenous pathophysiological substrate, but a clinical syndrome or
phenotype. Although extremely typical cases can be easily recognized by experienced
clinicians, less typical cases may lead to different clinical decisions by experts. Therefore,
international classification criteria have been developed and used to facilitate more or less
homogenous RA populations, especially for clinical studies. These criteria have, for good
reasons, been adapted over time, where the most recent adaptations intended to include
less typical cases in order to allow the best possible treatment options for arthritis patients.
As we speak, RA populations in studies and clinical care are heterogeneous, probably
with different pathological mechanisms and different natural history. For information on
the natural history of RA, we have to return to the past century because presently almost
all patient are treated with effective anti-rheumatic therapies. Spontaneous sustained
remissions of recently developed RA were observed in epidemiological studies, as well
as RA patients where the disease activity seemed to burn out after a long-term course,
leaving the patients with damage due to the disease.
RA patients are well known to respond differently on all types of anti-rheumatic treatments.
Moreover, clinical characteristics and biomarkers show a considerable variability in RA.
Although never formally proven to be true, the concept of the window of opportunity is
very popular. This theory supposes that in early stages of RA, treatment is more effective
than in later stages. Finally, I did not mention the criteria of remission or low disease activity
(LDA), used to make the decision to stop or taper TNFi. It does not need any discussion
that only true remission will potentially mark the ideal moment of stopping or tapering.
However, in RA the debate on the appropriate criteria for remission, from a scientific as
well as clinical perspective, is still ongoing.
With respect to stopping or tapering of an effective treatment of RA with TNFi, all
considerations mentioned above can theoretically influence the result. In the figure below
I summarize these considerations.
solid RA diagnosis
RA in remission
on TNFi

window of opportunity
pathophysiology
remission criterion
natural history
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STOPPING OF TNF-INHIBITOR THERAPY
Some studies have addressed the effects of TNFi tapering or stopping in patients with
RA in remission or with LDA on disease activity, physical function, costs, safety and
structural damage, compared with continuation of the prescribed standard dose. These
studies examined different ways of tapering or stoppingof TNFi(26,27). Hereafter, I will review
published studies on stopping or tapering of TNFi in RA per specific TNFi.
ETANERCEPT
In a 78-week multicenter randomized placebo-controlled superiority trial (the EMPIRE
trial), Villeneuve et al.(28) examined the effect of stopping etanercept in early RA patients.
Patients had a mean symptom duration of 7 months with a mean baseline DAS28-CRP of
4.22. All patients were DMARD-naive early RA and were either rheumatoid factor, anticitrullinated protein antibodies, or shared epitope positive. Patients were randomized 1:1
to receive MTX + etanercept or MTX + placebo for 52 weeks. Injections of etanercept or
placebo were subsequently stopped in all patients at week 52. In those with no tender or
swollen joints for >26 weeks, injections were stopped early

(28)

. There was no etanercept

continuation control arm. After withdrawal of etanercept, 41.9% remained in sustained
remission and 57.7% remained in LDA.
The PRESERVE trial(29) studied starting etanercept 50 mg weekly as well as stopping or
dose reduction (25 mg/wk) compared with continuation of the full 50 mg weekly dose
of etanercept when LDA was reached at 36 weeks. This randomized, double blinded,
placebo controlled trial had three arms (1:1:1), with a total follow-up of 88weeks. The study
population consisted of 604 participants using MTX. The study was conducted in 80
centers in Europe, Latin America, Asia and Australia. Most patients were female. Mean
age was approximately 47 years. Participants had to have active disease at baseline
(3.2<DAS28<5.2) to enter the open treatment with etanercept. After reachingDAS28≤3.2
at week 36, patients who were still using MTX were randomized. After one year, 42.6%
of the patients who had stopped taking etanercept still had DAS28 ≤3.2, compared with
82.6% in the full-dose group and 79.1% in the half-dose group. These results are in line with
the EMPIRE trial(30). The PRESERVE study suggests that some RA patients with extensive
disease duration are able to stop or reduce the dose of etanercept (29,31).
In the DOSERA study, a European randomized placebo-controlled trial, 73 patients
diagnosed with RA received etanercept 50 mg (in one single or two divided weekly doses)
for at least 14 months in combination with MTX at a stable dose of 7.5–25 mg/week(32).
Patients who had a DAS28 ≤3.2 were randomized to one of three arms (period 2): etanercept
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50 mg weekly + MTX (unchanged:ETN50); etanercept 25 mg weekly + MTX (reduced dose:
ETN25), or placebo + MTX (stop: PBO). If a flare occurred after randomization, the patient
was withdrawn. Only 13% of those who discontinued etanercept (PBO group) remained
free of flares during 48 weeks observation. The proportion of patients remaining free of
flare was significantly higher in both other groups: ETN50 (52%; p=0.007) and ETN25 (44%;
p=0.044) versus PBO (13%).
In sum, studies on tapering and stopping ETA in RA patients in remission suggest that
tapering is an option for many patients, but stopping for only a few.
ADALIMUMAB
Some studies have examined the effects of stopping or tapering adalimumab in RA. In the
OPTIMA trial, 1032 MTX-naïve early RA patients were randomized to adalimumab plus MTX
or placebo plus MTX (33). Patients in the adalimumab plus MTX group who achieved stable
low disease activity (DAS28-CRP <3.2 at weeks 22-26) were randomized to adalimumabcontinuation or adalimumab-stop where MTX was continued. The majority of patients in
the adalimumab-stop group maintained their good responses, while in 44% of patients
stopping adalimumab resulted in loss of the status of remission or LDA.
HIT HARD was a double-blind, randomized controlled trial, designed to compare two
treatment strategies in DMARD-naive patients with early RA(34). Eligible patients were aged
18–75 years, with a disease duration of up to 1 year. No current or prior therapy with DMARDs
or biologics was allowed. All patients started MTX (open label subcutaneous MTX weekly
(15 mg/week)) and were randomized to adalimumab (ADA) 40 mg subcutaneously every
other week or placebo (PBO) subcutaneously every other week over 24 weeks. After 24
weeks all patients continued MTX, but ADA and PBO injections were stopped. The primary
endpoint of the HIT HARD study was the DAS28 score at week 48. At week 24, initial
treatment with ADA/MTX compared with PBO/MTX resulted in a greater reduction in DAS28
and other secondary outcomes such as DAS28 remission and HAQ. However, at week 48,
the difference in clinical outcomes between groups was not statistically significant. The
results of this study suggest that starting adalimumab in all early RA patients in addition
to MTX 15 mg benefits the clinical outcomes after 24 weeks, an effect that is lost after 48
weeks after stopping TNFi(34).
The open-label, non-randomized, HONOR trial included 197 patients with early RA and
moderate-to-severe disease activity (DAS28-ESR ≥3.2)(35). The mean disease duration was
7.5 years and most patients had active disease despite MTX, with a mean DAS28-ESR of
5.1 at baseline. Thirty-five percent of the patients reached DAS28 remission at week 24.
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Fifty-one out of these sixty-nine patients in remission stopped ADA. Fifty-eight percent
of remission patients that stopped ADA stayed in remission. Sustained remission was
predicted by low DAS28 at baseline. In contrast, in the smaller retrospective BRIGHT study,
a Japanese 52-week study in 46 RA patients in remissionor LDA (DAS28<2.7) on ADA
monotherapy, 24 patients continued ADA, while 22 stopped ADA. Only four out of the 22
stoppers maintained a low DAS28 at week 52(36).
In summary, the few published studies on stopping adalimumab in RA patients are different
with respect to size and different methodology. However, stopping ADA in patients being
in stable remission, with background medication of MTX, seems an option.
INFLIXIMAB
One of the first publications on stopping TNFi by Quinn et al.(37) in 2005, described a
small group of early RA patients, treated with infliximab plus MTX, in whom infliximab was
stopped. After stopping infliximab, 70% showed sustained remission. This observational
study was small and did not include a control group of infliximab continuation.
The Dutch RA strategy study (BeSt study) contained an arm with early infliximab treatment.
In the other arms, TNFi was started late when csDMARDs proved to be unable to obtain
remission. In all patients using infliximab, the treatment was stopped in case of sustained
remission. Sixty-four percent of patients who started early with infliximab, were able to stop
their infliximab, versus only 25% of those who started later(38).
The Remission induction by Remicade study in patients with RA was a Japanese multicenter
prospective study in patients with established RA (mean disease duration of 5.9 years),
treated with infliximab. Infliximab was stopped when patients achieved LDA, defined as
DAS28 <3.2 for 24 weeks. After stopping, 50% of patients remained in low disease activity.
This study demonstrated that patients with long disease duration and with concurrent MTX
therapy can also try to stop TNFi after reaching remission or LDA(39).
Van der Maas et al.(40) performed an observational study on the option of tapering or downtitration until stopping of infliximab after 6 months of LDA. Infliximab dose was tapered with 25%
every 8-12 weeks until flare or stopping based upon the results of the DAS28 assessments.
After 1 year of tapering, 16% stopped infliximab and 45% could be down-titrated.
In summary, the reviewed studies on stopping infliximab suggest that stopping infliximab
in RA patients in remission is an option, whereas dose optimization is realistic in many of
these patients.
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CERTOLIZUMAB PEGOL
In a small study comparable to the above cited HONOR study, certolizumab pegol was
started and after 24 weeks stopped as an add-on in RA patients with active disease on
csDMARDs. Certolizumab could only be stopped effectively in a very limited number of
RA patients, but restart of this TNFi was effective in case of failure to stop(41). This study
suggests that stopping of certolizumab pegol in case of remission is not likely to be a good
idea. However, there is only one study with a limited number of patients.
GOLIMUMAB
So far, there are no published trials examining the effects of stopping or tapering golimumab
in RA patients.
MISCELLANEOUS
The reviewed studies above addressed stopping or tapering of specific TNFi’s. However,
the effect of stopping of miscellaneous TNFi was addressed in other studies. Saleem et
al.

(42)

studied patients on etanercept, adalimumab, or infliximab. In this study, 47 RA using

TNFi plus MTX (some patients with initial treatment with TNFi, others with treatment with
TNFi started later in the disease) stopped TNFi treatment. All patients were in DAS28
remission and with absent signs of inflammation on power doppler ultrasound. Two years
after stopping TNFi, sustained remission was seen in 59% of patients with initial TNFI
treatment, as compared with 15% in the patients who started TNFi later in the disease.
Brocq et al.(43) examined the relapse rate after stopping TNFi in patients with LDA defined
as DAS <2.6 for at least 6 months. Twelve months after stopping, 25% patients were still in
remission. Predictors of drug-free remission were long-term use of TNFi and longstanding
remission. In the Corrona registry, an analysis in 717 patients with long standing RA with low
disease activity showed that 73.4% of patients had a favorable disease course for more
than 12 months after stopping their TNFi(44).
Although the studies reviewed above on stopping TNFi are difficult to compare due to
differences in methods and populations studied, stopping TNFi without an immediate flare
seems realistic for a selection of patients.
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TAPERING OF TNF-INHIBITOR THERAPY
In contrast to studies stopping TNFi at once, some of the studies mentioned above
examined the effects of TNFi tapering or dose reduction as well. In addition to the DOSERA
and PRESERVE studies described above(29,31,32), two other randomized controlled trials(45,46)
compared etanercept tapering versus continuation. Al four studies indicate that tapering
resulted in an small increased flare risk.
In the DRESS study performed in two Dutch clinics was published by van Herwaarden et
al.(47), 180 RA patients in remission on TNFi SC (adalimumab or etanercept) were randomized
to tapering or continuing TNFi SC (2:1). Every 3 months the dosing was adapted according
to the DAS28 score. Twenty percent of patients were able to stop TNFi, 43% were able to
taper dose of TNFi and 37% had to continue the original dose of TNFi. Although numerically
increased disease activity was related to tapering TNFi, the difference in flare was noninferior versus continuation of TNFi(47).
The RETRO study was a multicenter, randomized, open, prospective, controlled, parallelgroup trial. The authors evaluated the possibility of tapering or stopping anti-rheumatic
therapy including TNFi in RA patients with stable remission (DAS28-ESR <2.6 for at least
6 months). One hundred one patients using csDMARDs or bDMARDs were randomized
into three different trial arms: continuation, tapering the dose in two six months steps,
or to stopping of all csDMARDS and/or bDMARDs. Disease relapse rate was 15.8% in
the continuation group, 38.9% in the tapering group, and 51.9% in the stop group. The
difference in disease relapse between the tapering and the stop group was not statistically
significant(48).
Although data are still limited, and methodological differences make interpretation difficult,
the reviewed studies on tapering suggest that in case of remission, TNFi tapering by
decreased dose or increased dosing interval is feasible with an acceptable increase of
disease activity including flare rates. In comparison with immediate stopping of TNFi, as
reviewed earlier, tapering show numerically less flares and less increased disease activity.
However, pro’s and con’s for tapering and stopping are rarely mentioned. For instance,
decreased dosing and increasing dosing intervals both are, in contrast with stopping, offlabel and potentially come with increased immunogenicity. In accordance to the framework
discussed before, data from the reviewed studies suggest that remission obtained early
in the disease course and a remission without any signs of residual disease activity are
related to better results, supporting the window of opportunity theory and the stringent
definition of remission, respectively.
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PREDICTORS OF SUCCESFUL STOPPING/TAPERING OF
TNF-INHIBITORS
Several studies have tried to identify predictors of successful stopping of TNFi.
Although these studies have been performed as part of the studies reviewed above, the
methodological problems are even more challenging. Firstly, shorter disease duration,
when obtaining remission was found to be a predictor for successful stopping in some
studies(39,42,48). Low disease activity score and low erosion score at baseline were in some
studies related to successful TNFi stopping/tapering(39,44,48). With respect to biomarkers, anticitrullinated peptide antibodies (ACPA) was found as a predictor in the RETRO study, the
BesT study and the study by Haschka et al.(48,49). Rheumatoid factor positivity was related to
loss of clinical benefit in Corrona study(44). Several other predictors of successful stopping/
tapering that have been found in single studies are non-smoking (49), younger age (39), lower
VAS pain (32) and higher body mass index (BMI) (44). Duration of TNFi treatment as well as early
initial TNFi treatment showed conflicting results(42,48). Finally, Smolen et al.(31) suggested that
low CRP levels after achieving low disease activity (DAS28<3.2) are indicative of increased
possibility of successful adalimumab-free disease control.
The potential difference between types of TNFi(50–53) as a predictor of stopping or tapering
has not been sufficiently analyzed or reported in the reviewed publications. The results
from the previous studies and conclusions might also not be directly applicable in daily
clinical practice, because more predictors for successful results are needed for clinicians
and patients to help them make the stopping or tapering decision.
Moreover, the reviewed studies have generally focused on conventional clinical measures
of disease activity and traditional biomarkers as potential predictors. In the last few years,
the multi-biomarker disease activity (MBDA), containing 12 different serum proteins, has
been clinically validated as a measure of disease activity in patients with RA(54–56). Recently,
MBDA scores were shown to improve the prediction of relapses in RA patients in stable
remission undergoing csDMARD tapering, especially when combined with ACPA testing(57).
Further research is needed to determine whether MBDA scores may also be useful in
prediction of successful TNFi stopping/tapering.
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THE PATIENT’S PERSPECTIVE – PATIENT REPORTED OUTCOME
MEASURES (PROMs)
Current studies on stopping TNFi have primarily focused on the effects of stopping/tapering
on the biomedical domain, i.e., the disease activity status as the primary endpoint. However,
RA disease activity, although a driver of the health status of RA patients, may not adequately
reflect the patient’s perspective since stopping/tapering comes with negative as well as
positive emotions and TNFi might have additional direct effects on outcomes that matter to
patients, like pain and fatigue, that can only be measured by PROMs. The consequence of
such a discordant viewpoint with regard to disease activity, is that decisions are often prone
to not being shared between patients and physicians.
Sanderson et al.(58) showed the potential patient mismatch between perceptions of disability
and actual disability, and also of patient discrepancy between perceived change and actual
change in outcomes. The importance of different perceptions of disease activity in patient
and physician has already been shown by Studenic et al.(59). Therefore, changes in clinical
measures of disease activity may not adequately reflect the perception of illness and
symptoms of RA patients themselves(60). For example, Smolen et al.(31) showed that the mean
Health Assessment Questionnaire disability index at 52 weeks follow-up was not statistically
significantly different between the etanercept dose reduction group and the etanercept
continuation group. Likewise, mean EuroQoL-5D scores after 52 weeks follow-up were equal
in the etanercept dose reduction group and the etanercept continuation group.
It does not need additional explanation that the perceived benefit or disadvantage by
patients due to stopping/tapering TNFi in case of remission needs to be thoroughly
researched. This requires homogenous large studies to provide reliable results that are
clinical relevant to guide prescribers and patients in their shared decisions.

HEALTH ECONOMETRICS AND COST-EFFECTIVENESS
The goals in the treatment of RA are to decrease and control the inflammatory disease
activity, to control signs and symptoms like pain and fatigue, and to improve the ability
of the patient to fully participate, without or with limited adverse events(61,62). Biological
DMARDs, including TNFi’s, have considerably improved the outcomes of RA(21). However,
the treatment with bDMARDs comes with a considerable price. Stopping or tapering
of bDMARDs can reduce healthcare expenditures, as long as the health of patients is
jeopardized. Potential savings resulting from safely and effectively stopping treatment with
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biological DMARDs could be used to reinvest in other treatments or to increase the created
value. The reviewed publications showed a wide range of patients being free from flare
after stopping of TNFi, ranging from 13% to 80% after 12 months in the different studies,
allowing the possibility that costs of flares and restarting TNFi requires extra resources.
In 2017, Aletaha et al.(63) published a health economical Markov model with a one
month’s cycle predicting the 5-year clinical and cost impact of different TNFi treatments
(adalimumab, etanercept, or infliximab). The model compared continuation versus dose
tapering/stopping based upon DAS28 scores. Data were obtained from 14 studies with in
total 2309 patients. The authors concluded that both tapering and stopping of TNFi results
in costs reduction, but decreased control of disease activity as compared to continuation
of the effective dose.
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AIM OF THIS THESIS
It is beyond any doubt that the introduction of TNFi’s early this century really made a
difference for RA patients. In the past century, care was the most important objective
of healthcare systems for RA patients. After the introduction of bDMARDs, in this case
TNFi, cure has become a realistic option for our patients. Having said this, it is striking
that overwhelming evidence is available on starting bDMARDs in RA, whereas studies
on tapering and stopping in case of treatment success are limited to small investigatorinitiated studies or secondary outcomes in other studies.
I am very grateful to the Dutch Society for Rheumatology that initiated the POET study
and the Dutch secretary of Health (ZONMW) that made this study possible. The aim of the
POET study was to perform a homogeneous large study that would enable us to address
the following important questions that remained unanswered by the preceding studies:
1.

Can TNFi be safely stopped when RA patients are in stable remission? (chapter 2);

2.

What are the effects of stopping TNFi in RA patients in stable remission according to
the patient’s perspective? (chapter 3);

3.

Is the multidimensional biomarker set (MBDA) a predictor of successfully stopping
TNFi in RA patients in stable remission? (chapter 4);

4.

Are there clinically relevant predictors of effectively/safely stopping TNFi in RA
patients in stable remission? (chapter 5);

5.

What are the health economic consequences of stopping versus maintaining TNFi in
RA patients in stable remission? (chapter 6).
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CHAPTER 2

ABSTRACT
OBJECTIVE
TNF-inhibiting biologicals (TNFi) are effective treatments for rheumatoid arthritis (RA). It
is unclear if patients in remission or in stable low disease activity need to continue TNFi
or can stop this treatment. This study was undertaken to assess whether RA patients in
remission or stable low disease activity can effectively and safely stop their TNFi therapy.
METHODS
Pragmatic multicenter open-label randomized controlled trial. Inclusion criteria: patients
diagnosed with RA according to the ACR 1987 criteria, using a TNFi for at least 1 year with
stable dose DMARDs over the last 6 months, DAS28 <3.2 over the last 6 months. Patients
were randomized to either stop or continue their current TNFi in a 2:1 ratio. Flare was
defined as DAS28 ≥3.2 with an increase ≥0.6 compared to the previous DAS28.
RESULTS
531 patients were allocated to the stop-group and 286 to the TNFi continuation-group.
At 12 months, more patients in the stop-group (267/531 [50.3%]) had experienced a flare
than in the continuation-group (52/286 [18.2%]; p<0.001). The hazard ratio for flare after
stopping TNFi was 3.41 (95% CI: 2.53-4.59). Mean DAS28 scores in the stop-group were
significantly higher during the follow-up period compared with the continuation-group
(p<0.001). Of the 195 patients that restarted TNFi after a flare within 26 weeks, 165 (84.6%)
had regained DAS28 <3.2 six months later and median time to regained DAS28 <3.2 was
12 weeks (95% Cl: 10.8-13.2).
CONCLUSION
Stopping TNFi treatment in RA patients in remission or stable low disease activity results
in substantially more flares than continuing.
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Modern pharmacotherapy in rheumatoid arthritis (RA) is characterized by early intensive
therapy and treatment to the target of remission. Guidelines propagate starting patients
on Disease Modifying Anti-Rheumatic Drugs (DMARDs) as soon as possible to achieve
clinical remission. When targets are not met treatment should be intensified by increasing
or combining conventional synthetic (cs)DMARDs or by adding biologics such as tumor
necrosis factor inhibitors (TNFi)

(1–5)

. However, current guidelines do not provide clearre

commendations on treatment strategies after remission or stable low disease activity has
been reached(4,5).
TNFi are known to increase the risk of infections and possibly some forms of cancer (6–8). They
are also expensive as compared to treatment with conventional synthetic DMARDs. While
there have been many studies demonstrating the efficacy of adding TNFi to csDMARDs
in attaining disease remission(9–11), few randomized studies into subsequent stopping or
tapering TNFi are available. Several small observational studies have suggested that 2560% of RA patients on a combination of methotrexate and TNFi may retain low disease
activity after stopping their TNFi(12–17). Some studies also suggest that in the majority of
these patients TNFi can be restarted with similar efficacy(12,18).
It is unclear if patients should really continue TNFi to sustain remission or low disease
activity or if this treatment can be stopped. Likewise, it is unclear if TNFi can be effectively
and safely restarted if necessary. Therefore, patients without notable complications or side
effects are often kept on TNFi indefinitely. Because of the potentially avoidable risks and
expenses of long-term TNFi treatment, we undertook a nation-wide pragmatic randomized
multicenter open-label controlled trial to examine whether RA patients with remission or
stable low disease activity can safely and effectively stop TNFi.
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PATIENTS AND METHODS
SETTING AND PATIENTS
This pragmatic randomized open-label controlled trial was conducted at 47 rheumatology
centers throughout the Netherlands. Written informed consent was obtained from all study
patients. Eligibility criteria included: age >18 years, RA diagnosis according to the American
College of Rheumatology 1987 criteria (19), TNFi treatment for at least one year with stable
concomitant csDMARDs use for at least six months prior to inclusion. Patients were in
remission or had stable low disease activity for at least six months, defined as either a
Disease Activity Score in 28-joints (DAS28)(20) <3.2 measured in at least two consecutive
visits, or the rheumatologists’ clinical impression of remission or stable low disease activity
in combination with at least one C-reactive protein (CRP) level <10 mg/L in the six months
prior to inclusion. There were no exclusion criteria. Study inclusion took place from March
2012 to March 2014.
The study was approved by the Ethical Review Boards of all participating hospitals.
The study was conducted in accordance with Good Clinical Practice guidelines and the
Declaration of Helsinki. The study (POET study) is registered in the Netherlands Trial
Register, number NTR3112.
INTERVENTION
Patients were randomized 2:1 to either stop or continue their TNFi. Computer block
randomization was used to achieve balance in allocation per center. All other medications,
including csDMARDs, glucocorticoids and non-steroidal anti-inflammatory drugs (NSAIDs),
were left at the discretion of the treating rheumatologists and were continued unchanged
as much as possible. In case of flare, defined as a DAS28 ≥3.2 plus an increase ≥0.6
compared to the previous measurement, TNFi treatment could be restarted in the stopgroup or switched in the continuation-group.
OUTCOMES AND FOLLOW-UP
Baseline Measurements
Baseline characteristics included: age, sex, weight, length, disease duration, medication
use, rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibody status.
Efficacy Assessments
Patients were evaluated by the treating rheumatologist and rheumatology nurse, at
baseline and at least once every three months thereafter, or more often if needed, for
a period of one year, in accordance with current Dutch guidelines for the diagnosis and
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treatment of RA (3).Clinical measurements, which are part of standard rheumatology care,
were performed at every visit and included a tender joint count in 28 joints (TJC28),
a swollen joint count in 28 joints (SJC28), erythrocyte sedimentation rate (ESR), and a
patient-reported assessment of general health on a 100 mm visual analog scale (VASGH). Together, these components were combined into the composite Disease Activity
Score for 28 joints (DAS28)(12). DAS28 scores range from 0 to approximately 10 with scores
≤3.2, between 3.2 and 5.1, and >5.1 indicating low, moderate and high disease activity,
respectively(21). A score <2.6 corresponds to clinicalremission (22). Patients were encouraged
to immediately report any adverse events or disease flares to their treating rheumatologist.
Physician-reported flares and changes in medication were recorded at each scheduled or
unscheduled visit. All data were collected and stored using a tailor-made web based data
management system.
Safety Assessments
Patients were closely monitored for adverse events. Clinical and laboratory results were
assessed at each three-monthly visit. Adverse events were recorded at every visit.
Clinical End Point
The primary end point of the study was the proportion of patients with a flare during
12-months follow-up. Flare was defined as DAS28 ≥3.2 plus an increase of ≥0.6 compared
to the last available DAS28

(23)

. Secondary endpoints were time-to-flare, change from

baseline in DAS28 score, the number of patients -and time-to- regaining remission (DAS28
<2.6) or low disease activity (DAS28 <3.2) after restarting TNFi (only in the stop-group), and
the proportion of patients with (serious) adverse events.
STATISTICAL ANALYSIS
The projected sample size for the POET study was based on an estimated proportion
of 40% flares in the stop-group

(12)

and a 2:1 randomization ratio. The formal sample size

calculation indicated that 869 patients would be needed to provide 80% power to detect a
difference of at least 10% between both groups (α=0.05). To compensate for an estimated
10-15% dropout, the study protocol conservatively aimed to include 1000 patients (667 in
the stop-group and 333 in the continuation-group) within 1 year.
During the enrollment-phase of the trial it became clear that recruitment was at a slower
pace than anticipated and that the target sample size could not be achieved. After an
extension of the planned inclusion period with one year, a total of 819 patients had been
randomized. Because of slowing enrollment during the final months, while observing a
lower than anticipated dropout rate, the steering committee decided to stop enrolment by
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the end of March 2014. Although not completely satisfactory, the estimated power of the
study to detect a ≥10% difference between both groups remained as high as 77%.
If a DAS28 score could not be calculated because of a missing value for ESR or VAS-GH,
this value was imputed by means of the expectation-maximization algorithm using the
patient’s values of the remaining components of the DAS28. Missing values for all DAS28
assessments were 8.3%, 8.9%, 10.4% and 15.3% at 3, 6, 9 and 12 months visits, respectively.
The primary analysis was performed on the basis of intention-to-treat in patients that were
correctly included. The proportions of patients in both groups with a flare within 6 and 12
months of follow-up were compared by separate χ2 tests. Patients who dropped out early
without flare were assumed to remain in remission. Additional modified intention to treat
analyses were performed using a ‘worst-case scenario’, in which all correctly included
patients without flare but with a missing DAS28 score at 3 or 6 months, or 9 and 12 months,
respectively, were counted as flare in the stop-group and non-flare in the continuationgroup.
Time-to-flare was examined using Kaplan-Meier survival analysis. In this analysis, patients
who dropped out before 12 months without flare were censored at the time of withdrawal.
Between-group difference in survival was tested by the log-rank test. Sensitivity analyses
were performed by repeating the survival analyses using ‘physician-reported flare’ and
‘medication escalation’ (defined as reinitiating TNFi or starting or increasing any biological
or non-biological DMARD (including glucocorticoids)) as dependent variables. Mean
DAS28 over time was compared using a linear mixed model with a compound symmetry
structure for the covariance matrix and the group*time interaction as fixed factor. In the
stop-group, the number of patients regaining remission (DAS28 <2.6) or low disease
activity (DAS28 <3.2) after restarting TNFi within 26 weeks after stopping and time-toregained remission were examined using Kaplan-Meijer survival analysis. Safety data
werereported descriptively. Differences in adverse events were not tested statistically
because such testing is poorly defined and misleading for uncommon events. All analyses
were performed using SPSS, version 22.
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Excluded (n=12)
Declined to participate (n=11)
Not meeting inclusion criteria (n-1)
Randomized
(n=819)

False inclusion (n=1)

Stop TNFi
n=531

False inclusion (n=1)

Continue TNFi
n=286

Discontinued intervention
Own decision (n=13)
Comorbidity (n=3)
Death (n=1)

Discontinued intervention
Own decision (n=15)
Comorbidity (n=2)

Completed study
(n=514)

Completed study
(n=269)

Analyzed (n=531)

Analyzed (n=286)

Figure 1. Study flow chart
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RESULTS
BASELINE CHARACTERISTICS OF PATIENTS
In total, 817 patients were correctly included, of which 531 were randomized into the
TNFi stop-group and 286 to the TNFi continuation-group (Figure 1). Two patients were
incorrectly included and excluded immediately after randomization because they did not
meet the criteria. Thirty-four patients dropped out during the first 12 months of follow-up on
their own decision (n=28), because of comorbidity (n=5) or death (n=1). The proportion of
dropouts was slightly higher in the continue-group vs the stop-group (17 out of 531 [3.2%]
vs 17 out of 286 [5.9%] patients, p=0.06).
Baseline demographics and disease characteristics were similar in both groups (Table
1). Patients were typically older Dutch caucasian females, with longstanding RF- positive
erosive RA. Most were on their first TNFi, primarily adalimumab (49.0%) or etanercept
(42.4%). Patients had stable low disease activity, in accordance with study inclusion criteria,
and 653 patients (79.9%) were formally in remission (DAS28 <2.6).
Table 1. Baseline Characteristics of Study Patients
Characteristic
Female, n (%)
Mean age (SD), y
Mean disease duration (SD), y
Mean DAS28 (SD)
Mean BMI (SD), kg/m2
RF positive, n (%)
Anti-CCP positive, n (%)
Erosive disease, n (%)
TNFi
Adalimumab, n (%)
Etanercept, n (%)
Infliximab, n (%)
Golimumab, n (%)
Certolizumab, n (%)
Number of TNFi
1st , n (%)
2nd , n (%)
3rd , n (%)
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Stop TNFi
(n=531)
362 (68.2%)
60.0 (11.8)
12.0 (8.8)
1.98 (0.76)
25.9 (4.3)
328 (67.5%)
332 (68.3%)
305 (62.8%)

Continue TNFi
(n=286)
188 (66.0%)
59.7 (10.6)
11.1 (8.4)
2.05 (0.73)
26.2 (4.5)
178 (67.4%)
179 (67.8%)
152 (57.6%)

271 (51.1%)
213 (40.2%)
25 (4.7%)
15 (2.8%)
6 (1.1%)

129 (45.1%)
133 (46.5%)
14 (4.9%)
8 (2.8%)
2 (0.7%)

459 (86.6%)
61 (11.5%)
10 (1.9%)

243 (85.0%)
37 (12.9%)
6 (2.1%)
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Table 1. CONTINUED. Baseline Characteristics of Study Patients
Characteristic
Stop TNFi
(n=531)
csDMARD
Methotrexate, n (%)
459 (86.4%)
Other DMARD, n (%)
43 (8.1%)
No DMARD, n (%)
29 (5.5%)

Continue TNFi
(n=286)
252 (88.1%)
23 (8.0%)
11 (3.8%)

TNFi = tumor necrosis factor-alpha inhibitor; DAS28 = disease activity score in 28 joints; RF = rheumatoid factor; antiCCP = anti-cyclic citrullinated peptide; BMI = Body Mass Index; csDMARD = conventional synthetic disease modifying
anti-rheumatic drug.

FLARE RATES AND SURVIVAL
At the time of analysis, follow-up time for all patients was 12 months. Significantly more
patients in the stop-group experienced a flare within 6 months (212 out of 531 [39.9%] vs
36 out of 286 [12.6%] patients, p<0.001) or within 12 months (267 out of 531 [50.3%] vs 52
out of 286 [18.2%] patients, p<0.001) compared with the continuation-group. In worst-case
scenario analyses, the number of patients with a flare in the stop-group was 258 (48.6%)
and 322 (60.6%) at 6 and 12 months, respectively.

Figure 2. Kaplan-Meier curves for DAS28 flare-free survival. The solid line represents the stopgroup, the dashed line represents the continuation-group.

37

CHAPTER 2

Kaplan-Meier analysis confirmed that flare-free survival was significantly (p<0.001) lower in
the stop-group than in the continuation-group (Figure 2). The hazard ratio for flare after
stopping TNFi was 3.4 (95% CI: 2.5–4.6). Sensitivity analysis with ‘physician-reported flare’
and ‘medication escalation’ as the criteria for flare gave similar results, although 12-month
flare rates were somewhat higher for both ‘physician-reported flares’ (293 out of 531
[55.2%]) and ‘medication escalation’ (305 out of 531 [57.4%]) in the stop-group and clearly
lower in the ‘continuation-group’ (21 out of 531 [7.3%] and 32 out of 286 [11.2%], respectively)
(Supplementary Figure 1). Flare-free survival was significantly (p<0.001) lower for the stopgroup using both alternative anchors for flare.
DISEASE ACTIVITY OVER TIME
The mixed effect model showed a significant (p<0.001) interaction between time and
group, indicating that mean DAS28 in the stop-group was significantly higher over time
compared with the continuation-group (Figure 3). Mean DAS28 was stable over time in the
continuation-group. In the stop-group, disease activity scores increased notably at 3 and 6
months and remained stable thereafter but at a higher level than in the continuation-group
at 9 and 12 months. The difference in mean DAS28 scores apparently decreased again
after 6 months follow-up, probably due to a proportion of patients in the stop group that
restarted TNFi. In both groups, mean DAS28 remained below the threshold for moderate
disease activity.

Figure 3. Mean DAS28 scores over time. The solid line represents the stop-group, the dashed line
shows the continuation-group. The grey lines represent thresholds for low disease activity (DAS28
<3.2) and remission (DAS28 <2.6). Error bars represent 95% confidence intervals.
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REGAINED DISEASE CONTROL
In total, 252 of 531 patients (47.5%) in the stop-group restarted TNFi after flare. Of the
195 patients that restarted within 26 weeks after inclusion,132 (67.7%) achieved clinical
remission and an additional 33 (16.9%) regained low disease activity within 26 weeks.
Median time to regained low disease activity or remission upon flare was 12 (95% CI: 10.7–
13.3) and 14 weeks (95% CI: 11.2–16.8) respectively.
SAFETY
There were 41 reported serious adverse events (Supplementary Table 1 and 2); 1 death
(due to an infection in the continuation-group) and 40 hospitalizations (33 [6.2%] in the
stop-group vs 7 [2.4%] in the continuation-group). Eleven [2.1%] hospitalizations due to
infection occurred in the stop-group vs 4 [1.4%] in the continuation-group. Hospitalization
due to malignancy was reported in 5 patients [0.9%] in the stop-group vs 3 patients [1.0%]
in the continuation-group. There were also 4 cases of elective surgery in the stop-group:
carpal tunnel syndrome, hip osteoarthritis, transurethral resection of the prostate, and
fistula excision. Of the 33 hospitalizations in the stop-group, 23 were judged as unrelated
and 10 were judged as possibly related to (stopping) TNFi. In the continuation-group, 2
of 7 hospitalizations were judged unrelated to, and 5 possibly related to continuing TNFi.
Additionally, there were 143 adverse events (95 [17.9%] in the stop-group vs 48 [16.8%]
in the continuation-group). Among the patients in the stop-group that restarted TNFi, no
allergic reactions were reported.

DISCUSSION
In this study we demonstrate that stopping TNFi in RA patients in remission or stable low
disease activity results in significantly more flares than continuation of TNFi. Patients who
stopped TNFi had a more than threefold increased risk of experiencing a flare within 12
months of follow-up as compared to those who continued. Mean disease activity in the
stop-group was significantly increased throughout the follow-up period compared with
the continuation-group, although the vast majority of patients remained well below the
threshold for moderate disease activity. After restarting TNFi treatment most patients in
the stop-group quickly regained low disease activity or remission. There were no notable
safety issues associated with stopping and restarting TNFi.
The finding that stopping TNFi treatment resulted in more flares is robust, both statistically
and clinically and because sensitivity analyses using other definitions of flare yielded
similar results. Previous studies of stopping TNFi have shown more divergent results,
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possibly due to heterogeneity instudy designs, definitions of flare and thresholds for
disease activity before inclusion. Also, the use of concomitant csDMARDs was not clearly
reported in most of these studies.
Recent results from the US Corrona registry suggested that 73.4% of 717 patients maintained
benefit for more than 12 months after stopping their first TNFi (24). All other previous studies
examined stopping specific TNFi. The results from an extension of the HONOR study, an
open-label non-randomized trial in Japan, showed that 48% of 75 RA patients maintained
remission and 62% maintained low disease activity for at least 12 months after stopping
adalimumab (18). In the smaller retrospective BRIGHT study, however, only 18% of 22 patients
who discontinued their adalimumab monotherapy maintained low disease activity after 12
months

(25)

. In the observational RRR study, again from Japan, 55% of 102 patients who

stopped infliximab maintained low disease activity at 12 months follow-up (13). Finally, a posthoc analysis of the BeSt study from the Netherlands showed that 80% of 104 patients who
stopped infliximab maintained low disease activity for at least 12 months (16). The high rate
of successful discontinuation of infliximab in the BeStstudy may be explained by the very
early initial treatment with the TNFi infliximab, whereas in the RRR study infliximab was only
started after failure of multiple csDMARDs (16).
To date, only two randomized controlled trials of stopping TNFi have been published. Both
studies addressed stopping the TNFi etanercept. In the PRESERVE study, a randomized
placebo-controlled trial in 834 patients (80 centers world-wide), 604 patients with sustained
low disease activity were randomized to stopping or continuing etanercept

(26)

. Results of

the PRESERVE study were very similar to the current trial, with 42.6% of the patients in
the stop-group vs 82.6% in the continuation-group maintaining low disease activity at 12
months follow-up. In the DOSERA study, a European randomized placebo-controlled trial
of 73 participants with low disease activity prior to discontinuation of etanercept, only 13%
patients had flare-free survival after 48 weeks (27). In this study, however, different criteria
were used to identify possible flare, including patient reported flare.
The current study only examined stopping TNFi completely. Several previous studies
(additionally) examined the effects of TNFi dose reduction. Four randomized controlled
trials compared etanercept reduction versus stopping or continuation(26–29). Although
reduced dosing generally resulted in an increased flare risk, outcomes were better than
with stopping. Recently, van Herwaarden et al.(30) showed that disease activity-guided
dose reduction of adalimumab and etanercept was non-inferior to dose maintenance with
respect to the occurrence of major flares, defined as DAS28 flares with a duration longer
than 3 months. However, the incidence of DAS28 flares of shorter duration was significantly
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higher in the dose reduction-group than the continuation-group, with proportions similar to
those found in the current study.
Survival analysis showed that 83.1% of the patients regained low disease activity quickly
after restarting TNFi, with a median time to regained low disease activity of 12 weeks. This
corresponds well with previous studies that examined this endpoint. In the HONOR study,
restarting adalimumab was effective in regaining low disease activity in 90% of patients
within 6 months and in 100% of patients after 9 months (18). In the BeSt study, 84% regained
low disease activity after restarting infliximab within a median of 3 months

(16)

. In the RRR

study, re-treatment with infliximab also resulted in regained low disease activity in the
majority of patients within 6 months(12). As the current study was limited to 12 months followup, it was not possible to assess if and when the remaining 16.9% of patients regained low
disease activity.
In the current study, 57.4% of the patients needed a medication escalation after stopping
their TNFi, usually starting or increasing csDMARDs, compared with 11.2% of the patients
in the continuation-group. Only the BRIGHT study also reported on this outcome, showing
no significant differences between the patients who stopped or continued adalimumab(26).
There was no significant difference in drop-out rate between the stop- and continuation
groups, although the rate was numerically higher in the stop-group. There were more
hospitalizations in the stop-group than in the continuation-group (6.4% vs 2.4%). Most
hospitalizations in the stop-group were due to infections, elective surgery or surgery
because of malignancies or fractures. The PRESERVE study likewise reported no statistically
significant difference in the total number of adverse events between the etanercept
stop- and continuation-group(26). Additionally, there were no notable (serious) adverse
events after restarting TNFi.One major concern in stopping and restarting infliximab is
the possibility of augmented infusion reactions due to antibody development between
administrations. In the RRR and BeSt studies minimal infusion reactions were seen after
restarting infliximab in 4.9% and 10% of patients, respectively (12,16).
Our study has several strengths. It is the largest pragmatic randomized controlled trial
on stopping TNFi in RA patients in remission or stable low disease activity to date. This
non-industry-funded trial is the product of nation-wide consensus among investigators
in the Netherlands. Most patients had long disease duration (established RA) and an
average age of 60 years, which is representative of the TNFi using RA population in
the Netherlands. We used strictly protocolled electronic data collection, including safety
monitoring. Additionally, we used a strict, discriminatory and valid criterion for flare based
on a combination of a threshold and a change over time in DAS28, whereas most other

41

CHAPTER 2

studies focused on achieving an absolute DAS28 cut-off only. The latter may be more
sensitive but may lack specificity (23).
The study has some limitations. It is an open-label study, which may have influenced
patients and rheumatologists in their interpretation of disease activity and their decisions
to change medication. Secondly, the study had a standard follow-up of 12 months, which
may have been too short to examine the persistence of the effects of stopping TNFi.
In conclusion, stopping TNFi treatment in RA patients in remission or stable low disease
activity results in substantially more flares than continuing.
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SUPPLEMENTARY FILES

Supplementary Figure 1. Kaplan-Meier curves for flare-free survival based on physician-reported
flare (top panel) and medication escalation (bottom panel).The solid line represents the stopgroup, the dashed line shows the continuation-group.
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Supplementary Table 1. Serious adverse events
Serious Adverse Events, n (%)
Death
Hospitalization
Infection
Malignancy
Cardiac event
Cerebral hemorrhage
Fracture
Rectal bleeding
Nephrotic syndrome
Dyspnea
Hyperglycaemia
Vasovagal collaps
General discomfort
CTS surgery
Surgery hip osteoarthritis
TUR-prostate
Excision fistula

Stop TNFi

Continue TNFi

0

1 (0.3%)

34 (6.4%)
11 (2.0%)
5 (0.9%)
2 (0.4%)
2 (0.4%)
4 (0.8%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

7 (2.4%)
4 (1.4%)
3 (1.0%)
0
0
0
0
0
0
0
0
0
0
0
0
0

Supplementary Table 2. Adverse events
Adverse Events, n (%)
Infection
Gastro-intestinal complaint
Musculo-skeletal
Cardio-pulmonary event
Fracture
Elevated transaminase
Hematological
Neurological
Malignancy
Other complaints

Stop TNFi

Continue TNFi

40 (7.5%)
12 (2.6%)
7 (1.3%)
6 (1.1%)
5 (0.9%
2 (0.4%)
2 (0.4%)
2 (0.4%)
1 (0.2%)
18 (3.4%)

28 (9.8%)
1 (0.3%)
3 (1.0%)
3 (1.0%)
1 (0.3%)
1 (0.3%)
1 (0.3%)
1 (0.3%)
1 (0.3%)
8 (2.8%)
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CHAPTER 3

ABSTRACT
BACKGROUND
The aim of this study was to identify predictors of prolonged disease control after
discontinuation of tumor necrosis factor inhibitor (TNFi) treatment in patients with
rheumatoid arthritis (RA).
METHODS
Post-hoc analysis of 439 RA patients with longstanding RA in remission or with stable
low disease activity, randomized to stopping TNFi treatment in the multicenter POET trial.
Prolonged acceptable disease control was defined as not restarting TNFi treatment within
12 months after stopping. Baseline demographic and disease-related variables were
included in univariate and multivariate logistic regression analysis for identifying predictors
of relapse.
RESULTS
One year after baseline, 220 patients (50.1%) had not restarted TNFi treatment. Antibody
type TNFi (OR = 2.36), ≤10 yrs. disease duration (OR = 2.16) and low or moderate multibiomarker disease activity (MBDA) scores (OR = 2.27) were independently predictive of
successful TNFi discontinuation. Results were similar when using no physician-reported
flare as the criterion. TNFi-free survival was significantly different for patient groups based
on the number of predictors present, ranging from 21.4% of patients with no predictor
present to 66.7% of patients with all three predictors present.
CONCLUSION
Patients using an antibody type TNFi, with shorter disease duration and low or moderate
baseline MBDA score are most likely to achieve prolonged disease control after TNFi
discontinuation.
TRIAL REGISTRATION
Netherlands Trial Register NTR3112, 21 October 2011.
KEYWORDS
Rheumatoid arthritis, Remission, Low disease activity, TNFi discontinuation, predictors.
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Rheumatoid arthritis (RA) is a chronic inflammatory disease which may cause progressive
joint damage and increasing physical disability(1). Early and effective treatment has
markedly improved outcomes in RA patients (2). The use of conventional synthetic disease
modifying anti-rheumatic drug (csDMARDs) in combination with the more expensive
biological DMARDs (bDMARDs) such as tumor necrosis factor inhibitors (TNFi) is effective
for reaching remission or low disease activity (LDA)

(3–5)

.Once stable LDA or remission has

been reached, patients often continue their combination therapy indefinitely. This practice
may however lead to significant overtreatment and lack of efficiency, as recent studies
suggest that many RA patients in sustained remission or LDA can taper or altogether stop
their TNFi without incurring disease flare(6, 7).
Although current guidelines suggest that tapering or withdrawal of bDMARDs can be
considered for patients in persistent remission(8), validated predictors of successful
discontinuation are needed to successfully implement practical stopping rules in daily
clinical practice (9). Several studies have already explored predictors of successful TNFi
discontinuation, but it remains a challenge to judge which patients can effectively and
safely stop their TNFi without incurring disease flares (10). A recent systematic review found
no consistently strong predictors for successful dose reduction or discontinuation(11). Only
shorter disease duration (12–14), less or no erosive disease (13–15), and lower disease activity
(13–16)

at baseline have been shown in more than one study to predict successful TNFi

discontinuation. Additionally, single studies have found younger age (13), normal body mass
index (BMI) (15), non-smoking (14), anti-cyclic citrullinated peptide antibodies (ACPA) negativity
(16, 17)

, shorter (14) or longer (18) TNFi treatment, and initial (versus delayed) TNFi treatment

(12)

were associated with successful TNFi discontinuation. Finally, two studies have found a
tendency for more relapses among female patients (12, 16).
Moreover, two main types of TNFi with different mechanisms of action are used in RA:
anti-TNF monoclonal antibodies and soluble TNF receptors. Monoclonal antibody agents
like adalimumab and infliximab bind specifically to TNF, while the receptor fusion protein
etanercept, functioning as a decoy receptor, binds to circulating TNF and prevents it from
interacting with a cell surface receptor (19–22). Adalimumab and etanercept are currently the
most frequently prescribed TNFi and generally demonstrate comparable effectiveness
24)

(23,

. Previous discontinuation studies, however, generally examined one specific TNFi agent

only or did not examine possible differences in the predictive value of the type of TNFi for
successful discontinuation.
Recently, the POET trial showed that, although stopping TNFi treatment in patients with
established RA in remission or with stable low disease activity resulted in more flares than
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did continuation of TNFi, around half of the patients could successfully stop for at least 12
months

(25)

. The aim of the current study was to identify predictors of prolonged disease

control after discontinuation of TNFi.

METHODS
PATIENTS AND STUDY DESIGN
We used date from the Dutch POET trial (Netherlands Trial Register NTR3112)

(25)

. This

pragmatic, multicenter, open-label, clinical trial randomized RA patients with stable LDA 2:1
to either stop or continue TNFi treatment. Inclusion ran from March 2012 to March 2014.
Written informed consent was obtained from all patients. Patients were ≥18 years old, had
RA according to the ACR 1987 criteria, and had received TNFi treatment for at least one
year prior to inclusion. Patients had been in stable LDA for at least six months, defined as
either two Disease Activity Scores in 28 joints using the erythrocyte sedimentation rate
(DAS28-ESR) measurements <3.2 or the rheumatologists clinical impression of remission
or stable low disease activity with at least one CRP measurement <10 mg/L in the six
months prior to inclusion. Nearly all patients were receiving concomitant csDMARDs and
in the 6 months prior to inclusion, no dosage changes were allowed for csDMARDs or
corticosteroids.
In total in POET 531 patients were randomized to stop TNFi treatment and were subsequently
followed for 12 months

(25)

. Concomitant treatment with csDMARDs was continued. If RA

flared, defined as a DAS28-ESR ≥3.2 with a change in DAS28-ESR >0.6

(26)

, TNFi could be

restarted at the discretion of the treating rheumatologist. Because the current study aims
to identify patient and clinical predictors of prolonged disease control after discontinuation
of TNFi treatment, only data from 439 patients randomized to the stop group and for whom
baseline serum samples were collected to measure the multi-biomarker disease activity
(MBDA) (27) score were used. Baseline demographic and clinical data were similar between
patients with or without a baseline MBDA sample (28).
MEASUREMENTS
Patients were evaluated by their treating rheumatologist and rheumatology nurse at
baseline and at least once every 3 months thereafter. Baseline measures included: age,
sex, weight, height, body mass index (BMI), disease duration, rheumatoid factor (RF) and
ACPA status, Multi-Biomarker Disease Activity (MBDA) score, erosive disease (yes/no) and
medication use, including type of TNFi (antibody vs. receptor antagonist) and concomitant
conventional synthetic DMARD (csDMARD) use.
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Clinical measurements were performed at every scheduled or unscheduled visit and
included the ESR (mm/h), CRP (mg/l), 28-joint tender joint count (TJC28), 28-joint swollen
joint count (SJC28), and a patient-reported assessment of general health on a 100-mm
visual analog scale (VAS-GH). These component measures were combined to calculate
the DAS28-ESR (29). Physician-reported flares and all changes in medication were recorded
throughout the study.
The MBDA score is a novel test that measures 12 biomarkers in serum to assess disease
activity in patients with rheumatoid arthritis

(27)

. The algorithm generates a total score on

a scale of 1 to 100, with validated categories for low (<30), moderate (30 to 44) and high
(>44) activity (30).
STATISTICAL ANALYSIS
Successful discontinuation was defined as not restarting TNFi treatment within 12 months
after stopping. First, univariate logistic regression analyses were performed to examine
associations between potential baseline predictors and successful 12-month TNFi
discontinuation. The following patient and clinical variables were considered: type of TNFi
(antibody vs. receptor antagonist), concomitant csDMARD use, female sex, younger age
(≤60 yrs.), shorter disease duration (≤10 yrs.), RF negativity, ACPA negativity, non-erosive
disease, normal weight (BMI = 18.5 – 25), first TNFi agent, deep remission (DAS28 ≤1.98)
(31, 32)

, and low or moderate MBDA score (≤44). To facilitate the interpretation of odds

ratios (ORs), continuous predictors were dichotomized by median split (DAS28-ESR, age,
disease duration) or previously established relevant cut-off points (BMI, MBDA). ORs are
classified as weak when about 1.5, moderate when about 2.5, strong when about 4 and
very strong when about 10

(33)

. Additional separate models were run to test for possible

interactions between each predictor and type of TNFi. Predictors univariately associated
with outcome (P <0.10) were included in a multivariate logistic regression model to identify
independent predictors. The multivariate model was reduced by excluding predictors from
the model with P > 0.10 (backward deletion), and the goodness of fit of the final model
was estimated using the Hosmer and Lemeshow test (34), where a non-significant result
indicates support for the model. The explained variance of the model was examined using
Nagelkerke’s pseudo R2. As 38 patients (8.7%) had missing baseline values on laboratory
and radiographic erosion data, multiple imputation with 10 imputed datasets was used
and pooled ORs are presented. As a sensitivity analysis, the final multivariate model
was repeated using no physician-reported flare within 12 months after stopping as the
dependent variable. To further explore the prognostic value of the remaining predictors,
TNFi-free survival based on the number of predictors present was examined using KaplanMeier survival analysis. Between-group difference in survival was tested using the log rank
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test. Since MBDA testing is not common in many rheumatology practices, the multivariate
and survival analyses were repeated without MBDA as a predictor. All statistical calculations
were performed using SPSS 23.

RESULTS
Table 1 summarizes the baseline characteristics of the patients. Median age and disease
duration was 60 and 10 years, respectively. Approximately 60% of the patients used an
antibody agent, most frequently adalimumab, while 40% used etanercept. Most patients
were on their first TNFi. In total, 219 (49.9%) of the patients restarted their TNFi within 12
months, while at least one physician-reported flare was reported for 251 (57.2%) patients.
Antibody type TNFi, shorter disease duration, non-erosiveness and low or moderate
MBDA were weakly to moderately associated with successful discontinuation, defined
as not restarting TNFi treatment within 12 months after stopping in univariate regression
analysis (Table 2). No interactions with type of TNFi were significant and separate univariate
analyses for both types of TNFi showed that the predictive value of individual variables
was similar for patients discontinuing an antibody agent or etanercept. However, MBDA
≤44 was significantly predictive only in patients discontinuing etanercept (OR = 3.69; 95%
CI: 1.34 – 10.18; P = 0.012) and not in patients discontinuing an antibody agent (OR = 1.68;
95% CI: 0.81 – 3.45; P = 0.162).
In multivariate analysis, non-erosiveness lost its significance (P = 0.212). Type of TNFi, shorter
disease duration and low or moderate MBDA scores remained independently predictive
of successful discontinuation, with type of TNFi being the strongest predictor (Table 3).
As a sensitivity analysis, using ‘no physician-reported flare’ as the criterion for successful
TNFi discontinuation resulted in similar findings in the total sample, with the same three
predictors remaining significant in multivariate analysis. However, the predictive value of
the variables tended to be slightly lower with ORs of 1.86 (95% CI: 1.24 – 2.79; P = 0.003),
1.78 (95% CI: 1.18 – 2.70; P = 0.006) and 2.49 (95% CI: 1.35 – 4.59; P = 0.003) for antibody
TNFi, shorter disease duration and low or moderate MBDA score, respectively.
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Table 1. Baseline characteristics of the patients (N=439)
Female, n (%)
Age (yrs.), mean (SD)
Disease duration (yrs.), median (IQR)

296 (67.4%)
59.8 (10.8)
10 (6–17)

BMI, mean (SD)
Normal BMI, n (%)

25.9 (4.3)
174 (39.6%)

RF positive, n (%)

270 (67.3%)

ACPA positive, n (%)

277 (69.1%)

Erosive disease, n (%)

252 (62.8%)

ESR, median (IQR)

9.0 (5–17)

TJC28, median (IQR)

0 (0–1)

SJC28, median (IQR)

0 (0–0)

PGA, median (IQR)
DAS28-ESR

20.7 (9.0–28.1)
2.0 (0.8)

MBDA score, mean (SD)
Low or moderate, n (%)

30.2 (12.6)
375 (85.4%)

Type of TNFi
Etanercept
Adalimumab
Infliximab
Golimumab
Certolizumab

176 (40.1%)
225 (51.3%)
22 (5.0%)
14 (3.2%)
2 (0.5%)

Number of TNFi, n (%)
1st
2nd
3rd
csDMARD, n (%)
Methotrexate
Other csDMARD
No DMARD

379 (86.5%)
50 (11.4%)
9 (2.1%)
382 (87.0%)
35 (8.0%)
22 (5.0%)

TNFi = tumor necrosis factor-alpha inhibitors; DAS28 = disease activity score in 28 joints; BMI = body mass index;
RF = rheumatoid factor; ACPA = anti-cyclic citrullinated peptide antibodies; ESR = erythrocyte sedimentation rate;
CRP = C-reactive protein; TJC28 = 28-joint tender joint count; SJC28 = 28-joint swollen joint count; PGA = patient
global assessment; MBDA = multi-biomarker disease activity; csDMARD = conventional synthetic disease modifying
anti-rheumatic drug.
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Table 2. Univariate associations of baseline variables with successful TNFi discontinuation
Predictor

OR

95% CI

P

Type of TNFi (antibody vs. receptor antagonist)

2.26

1.53 – 3.34

<0.0001

Concomitant DMARD

1.21

0.51 – 2.85

0.670

Female sex

1.07

0.72 – 1.60

0.735

Younger age (≤60 yrs.)
Shorter disease duration (≤10 yrs.)

1.17

0.80 – 1.70

0.417

2.00

1.34 – 2.98

0.001

RF negative

1.14

0.75 – 1.74

0.530

ACPA negative

1.06

0.70 – 1.62

0.775

Non-erosive

1.62

1.08 – 2.44

0.020

Normal weight (BMI 18.5 – 25)

1.35

0.92 – 1.98

0.128

First TNFi

1.23

0.71 – 2.13

0.461

DAS28 deep remission (DAS28 ≤1.98)

1.21

0.83 – 1.77

0.314

Low or moderate MBDA (≤44)

2.32

1.32 – 4.05

0.003

TNFi = tumor necrosis factor-alpha inhibitors; csDMARD = conventional synthetic disease modifying anti-rheumatic
drug; RF = rheumatoid factor; ACPA = anti-cyclic citrullinated peptide; BMI = body mass index; DAS28 = disease
activity score in 28 joints; MBDA = multi-biomarker disease activity.

Table 3. Multivariate associations with successful TNFi discontinuation with and without MBDA
score as a predictor
With MBDA

Without MBDA

Predictor

OR

95% CI

P

OR

95% CI

P

Antibody TNFi

2.36

1.57 – 3.54

<0.0001

2.38

1.60 – 3.56

<0.0001

Disease duration <10 yrs.

2.16

1.42 – 3.29

<0.0001

2.05

1.37 – 3.06

<0.0001

MBDA score ≤44

2.27

1.27 – 4.04

0.006

–

–

–

TNFi = tumor necrosis factor-alpha inhibitors; MBDA = multi-biomarker disease activity. Odds ratios (ORs ) are
pooled estimated from 10 imputed datasets. Hosmer and Lemeshow with MBDA χ2(5) = 1.64-3.41, P = 0.637-0.885,
Nagelkerke R2 = 0.08-0.10; without MBDA χ2(2) = 0.00-0.463, P = 0.793-1.000, Nagelkerke R2 = 0.08-0.10.

TNFi-free survival was significantly different (log rank = 43.9, P < 0.001) for patient groups
based on the number of predictors present (Figure 1). TNFi-free survival rates were 21.4%
in patients with no predictor present (n=14), 31.7% in patients with one predictor (n=104),
52.6% in patients with two predictors (n=213), and 66.7% in patients with three predictors
(n=108) present. Fairly similar results and differences between groups (log rank = 33.9,
P < 0.001) were obtained in TNFi-free survival when using only antibody type TNFi and
shorter disease duration as predictors. In this analysis, TNFi-free survival rates were 32.1%
in patients with no predictor present (n=84), 48.5% in patients with one predictor (n=231),
and 65.3% in patients with both predictors (n=108) present.
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Figure 1. Kaplan-Meier curves showing the proportion of patients not restarting TNFi per number
of predictors present.
Upper panel: with MBDA as predictor; Lower panel: without MBDA as predictor. MBDA = multibiomarker disease activity.
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DISCUSSION
We previously demonstrated that in patients with established RA in sustained remission
or with stable low disease activity, as defined by the DAS28-ESR, approximately 50% of
the patients could successfully stop their TNFi for at least 12 months

(25)

. However, with

the consequential fifty-fifty chance of relapsing, it would be helpful to identify patient and
clinical predictors of prolonged disease control after discontinuation of TNFi. Our analysis
of the POET study showed that in RA patients in sustained remission or stable LDA, the type
of TNFi (antibody vs. receptor antagonist) being used, RA disease duration and the MBDA
score at the time of discontinuation of TNFi were significantly associated with success of
stopping. Approximately 70% of patients who were on a TNFi antibody, with a disease
duration of <10 years and a MBDA score ≤44 were able to successfully stop their TNFi,
while conversely 80% of patients on a TNFi receptor antagonist, with a disease duration of
≥10 years and a MBDA score >44 restarted their TNFi within 12 months of stopping.
Several other studies have previously explored predictors of disease relapse after TNFi
discontinuation (10, 11). Several previous studies found shorter disease duration, RF positivity,
non-smoking, erosive disease and normal body mass index (BMI) to be associated with
successful TNFi discontinuation

(13, 15)

. In the current study, shorter disease duration was

also a strong predictor of successful discontinuation, but RF positivity and normal BMI
were not found to be predictors of successful discontinuation. Erosive disease was
univariately associated with restarting TNFi but did not remain a unique predictor in the
final multivariate model.
Greater clinical disease activity at the time of discontinuation has previously also been
identified as a predictor, although results varied considerably between studies (12, 13, 35). Our
study found that higher baseline DAS28-ESR scores were not associated with the criterion
of restarting TNFi treatment within 12 months. However, a high MBDA score at the time
of TNFi discontinuation was a predictor of restarting TNFi. Several previous studies also
found that MBDA scores may be elevated when conventional clinical measures indicate
remission or LDA

(17, 36–38)

. Furthermore, these patients were found to be at increased risk

for progressive joint damage

(36–38)

. In patients with high baseline MBDA scores at the

time of TNFi discontinuation in POET, discontinuation may have allowed a resurgence of
subclinical residual inflammation and the subsequent need to restart TNFi treatment (17).
The type of TNFi, i.e. antibody vs. receptor antagonist, has not previously been identified as
a predictor of successful discontinuation of TNFi treatment in patients with established RA in
remission or with stable low disease activity. Our analysis of the POET study demonstrated
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that patients who were on TNF antibodies (mostly adalimumab) were significantly more often
able to successfully discontinue their TNFi than patients who had been using TNF receptor
antagonists (mostly etanercept). These findings might possibly be explained by several
differences between the TNF receptor antagonists and antibodies. Firstly, TNF receptor
antagonists function as decoy receptors that bind to circulating TNF, thereby mimicking
the inhibitory effects of naturally occurring soluble TNF receptors, albeit with a greatly
extended circulatory half-life. TNF antibodies also bind specifically to TNF and thus block
its interaction with the p55 and p75 cell surface TNF receptors. However, TNF antibodies
may also lyse surface TNF expressing blood cells in the presence of complement thereby
possibly inducing prolonged disease control. Secondly, pharmacokinetic properties differ
between drugs, with a single dose half-life of approximately 3 days for the TNF receptor
antagonists etanercept vs. 14 days for the TNF antibody adalimumab. Finally, there may be
differences in drug dosages and dosage-intervals.
Our study has several strengths. The data were collected in POET, the largest randomized
controlled trial on stopping TNFi in RA patients in remission or stable low disease activity to
date. Predictors of prolonged disease control after discontinuation of TNFi were analyzed
in an unbiased selection of 439 patients in the stop group, comprising 83% of those who
stopped TNFi treatment in POET. Most patients in our study had long disease duration (i.e.,
established RA) and an average age of 60 years, which is representative of the TNFi-using
RA population in The Netherlands. In our analysis, successful discontinuation was defined
as not restarting TNFi treatment within 12 months after stopping.
A possible limitation of the study is that the predictors were measured only at baseline.
Longitudinal measurements of variables such as DAS28, ESR/CRP or MBDA scores may
have provided insight into the effects of TNFi discontinuation over time, and the potential
for early changes in these variables to predict relapse. Another possible limitation was the
decision to leave restarting of TNFi at the discretion of the treating rheumatologists. It is
possible that this may have led to an overestimation of successful disease control and bias
in the population of TNFi restarters.
In conclusion, in patients with established RA in sustained remission or stable LDA, the type
of TNFi (antibody vs. receptor antagonist) being used, RA disease duration and the MBDA
score at the time of discontinuation of TNFi were significantly associated with success of
stopping TNFi.
ABBREVIATIONS
ACPA: anti-cyclic citrullinated peptide antibodies; bDMARD: Biological synthetic disease
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modifying anti-rheumatic drug; BMI: body mass index; CRP: C-reactive protein; csDMARD:
Conventional synthetic disease modifying anti-rheumatic drug; DAS28: disease activity
score in 28 joints; DMARD: Disease modifying anti-rheumatic drug; ESR: erythrocyte
sedimentation rate; LDA: low disease activity; MBDA: multi-biomarker disease activity; OR:
odds ratio; PGA: patient global assessment; RA: rheumatoid arthritis; RF: rheumatoid factor;
SJC28: 28-joint swollen joint count; TNFi: tumor necrosis factor-alpha inhibitors; TJC28:
28-joint tender joint count.
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CHAPTER 4

ABSTRACT
OBJECTIVE
Successfully stopping or reducing treatment for patients with rheumatoid arthritis (RA)
in low disease activity (LDA) may improve cost-effectiveness of care. We evaluated the
multi-biomarker disease activity (MBDA) score as a predictor of disease relapse after
discontinuation of TNF inhibitor (TNFi) treatment.
METHODS
439 RA patients who were randomized to stop TNFi treatment in the POET study were
analyzed post-hoc. Three indicators of disease relapse were assessed over 12 months:
1) restarting TNFi treatment, 2) escalation of any DMARD therapy and 3) physicianreported flare. MBDA score was assessed at baseline. Associations between MBDA score
and disease relapse were examined using univariate analysis and multivariate logistic
regression.
RESULTS
At baseline, 50.1%, 35.3% and 14.6% of patients had low (<30), moderate (30−44) or high
(>44) MBDA scores. Within 12 months, 49.9% of patients had restarted TNFi medication,
59.0% had escalation of any DMARD and 57.2% had ≥1 physician-reported flare. MBDA
score was associated with each indicator of relapse. At least one indicator of relapse
was observed in 59.5%, 68.4% and 81.3% of patients with low, moderate or high MBDA
scores, respectively (P=0.004). Adjusted for baseline DAS28-ESR, disease duration, BMI
and erosions, high MBDA scores were associated with increased risk for restarting TNFi
treatment (OR=1.85), DMARD escalation (OR=1.99) and physician-reported flare (OR=2.00).
CONCLUSION
For RA patients with stable LDA who stopped TNFi, a high baseline MBDA score was
independently predictive of disease relapse within 12 months. The MBDA score may be
useful for identifying patients at risk of relapse after TNFi discontinuation.
KEY WORDS
Rheumatoid arthritis; biomarkers; multibiomarker; disease activity; prediction.
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Rheumatoid arthritis (RA) is a chronic inflammatory disease that can cause joint damage
and physical disability (1). Early detection of RA and the availability of biologic agents have
markedly improved outcomes in these patients (2). Many studies have shown that the use
of combinations of conventional synthetic DMARDs (csDMARDs) and biological DMARDs
(bDMARDS) such as tumor necrosis factor inhibitors (TNFi) is effective for reaching and
maintaining a state of low disease activity (LDA) or remission (3–5).Once LDA or remission
has been reached, patients often continue their combination therapy indefinitely. This
practice may lead to overtreatment, as recent studies suggest that in some RA patients
the more expensive TNFi can be tapered or stopped

(6,7)

. However, before implementing

this therapeutic strategy in routine care, a validated predictor of disease relapse would be
desirable (8).
Several studies have explored predictors of successful TNFi discontinuation. Results
varied considerably, possibly due to differences in population, design and definitions of
success, but most studies identified deep remission or lower disease activity at the time
of discontinuation as a predictor (9–11). Rheumatoid factor (RF) positivity, shorter disease
duration, non-smoking and normal body mass index (BMI) may also be associated with
better outcomes (10,12). Although these studies all found that some patients could discontinue
TNFi treatment without flaring, it remains a challenge to accurately predict which patients
may successfully discontinue treatment and which are at higher risk of disease relapse (13).
Studies of strategies for reducing DMARD treatment have mainly evaluated the predictive
value of conventional clinical measures of disease activity and traditional biomarkers
such as rheumatoid factor (RF) and anti-cyclic citrullinated peptide antibodies (ACPA) (10,12,14).
However, new biomarkers with interesting potential have become available. The multibiomarker disease activity (MBDA) blood test measures 12 serum proteins to produce a
score that has been clinically validated as a measure of disease activity in patients with RA
(15–17)

. MBDA scores have been shown to reflect current clinical disease activity and changes

in disease activity over time, including treatment responses in RA patients treated with
TNFi (18). The MBDA score assesses the activity of underlying biologic pathways rather than
external signs and symptoms and may therefore provide information that is complementary
to clinical assessment (16). The MBDA score was a more accurate predictor of radiographic
progression than the 28-joint Disease Activity Score with C-reactive protein (DAS28-CRP)
or CRP, and it is often elevated in patients with low clinical disease activity or low CRP (18–22).
Recently, the MBDA score and ACPA were shown to be predictors of relapse for RA patients
in stable remission when treatments with conventional DMARDs and/or biological DMARDs
were tapered, and for some patients, subsequently stopped. Prediction was strongest
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when MBDA score and ACPA were combined

(23)

. This finding, in a study of drug tapering,

suggests that the MBDA score may be capable of predicting the outcome of complete
TNFi discontinuation. The aim of the present study was to examine the prognostic value
of the MBDA score for disease relapse after discontinuation of TNFi in RA patients with
stable LDA.

METHODS
PATIENT COHORT
Data used for these analyses were from the Dutch POET trial (the Netherlands Trial
Register, number NTR3112)

(24)

. The study was approved by the Ethical Review Boards of

all participating hospitals. Ethical approval for the study was granted by the Committee
on

Research

involving

Human

Subjects,

region

Arnhem-Nijmegen

(Commissie

Mensgebonden Onderzoek regio Arnhem-Nijmegen) and local feasibility by all regional
Ethical Committees. Patients were included from March 2012 to March 2014 and written
informed consent was obtained from all patients. In this pragmatic, multicenter, open-label,
randomized clinical trial, RA patients with stable LDA were randomized 2:1 to either stop
or continue TNFi treatment. Patients were included from March 2012 to March 2014 and
written informed consent was obtained from all patients. All participating patients were ≥18
years old, had RA according to ACR 1987 criteria, and had received TNFi treatment for at
least one year prior to inclusion. Patients had stable LDA for at least six months, defined as
either two DAS28 with erythrocyte sedimentation rate (DAS28-ESR) measurements <3.2 or
a rheumatologist clinical impression of remission or stable low disease activity and at least
one CRP measurement <10 mg/L in the six months prior to inclusion. Nearly all patients
were receiving concomitant csDMARDs. In the 6 months prior to inclusion, no dosage
changes were allowed for csDMARDs or corticosteroids.
In total, 531 patients were randomized to stop TNFi treatment in POET and followed for
12 months (24). Concomitant treatment with csDMARDs was continued. If RA flared (DAS28ESR ≥3.2 with a change in DAS28-ESR >0.6) (25), TNFi could be restarted at the discretion of
the treating rheumatologist. Because the current study focused on the value of the MBDA
score as a predictor of disease relapse after discontinuation of TNFi treatment, only data
from patients randomized to the stop group were used. For the current analyses, baseline
serum samples were available to measure MBDA scores for 439 of the 531 patients in the
group that stopped TNFi treatment.
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MEASUREMENTS
Patients were evaluated by their treating rheumatologist and rheumatology nurse at baseline
and at least once every 3 months thereafter, for a period of one year. Baseline measures
included: age, sex, weight, height, disease duration, medication use, rheumatoid factor
(RF) and ACPA status, concomitant use of csDMARDs and, for this post hoc analysis, the
MBDA score. Clinical measurements were performed at every scheduled or unscheduled
visit and included the ESR (mm/h), CRP (mg/l), 28-joint tender joint count (TJC28), 28-joint
swollen joint count (SJC28), and a patient-reported assessment of general health on a
100 mm visual analog scale (VAS-GH). These component measures were combined to
calculate DAS28-ESR (26). Physician-reported flares and all changes in medication were
recorded throughout the study.
SERUM BIOMARKER MEASUREMENT AND MBDA SCORE CALCULATION
Serum samples were stored at −40°C from time of preparation until transfer to Crescendo
Bioscience (South San Francisco, CA, USA), where they were stored at −70°C or lower
until biomarker concentration testing was performed in the Crescendo clinical laboratory,
which is certified under the CMS Clinical Laboratory Improvement Amendments and
accredited by the College of American Pathologists for determination of Vectra® DA
scores. Biomarker concentrations were measured by electrochemiluminescence-based
multiplexed immunoassays (Meso Scale Discovery, Rockville, MD, USA). The MBDA
algorithm combines the concentrations of 12 biomarkers (vascular cell adhesion molecule-1
[VCAM-1], epidermal growth factor [EGF], vascular endothelial growth factor-A [VEGF-A],
interleukin [IL]-6, tumor necrosis factor-receptor type 1 [TNF-RI], matrix metalloproteinase
[MMP]-1, MMP-3, cartilage glycoprotein 39 [YKL-40], leptin, resistin, serum amyloid A [SAA],
and CRP)(15) to generate the MBDA score on a scale of 1 to 100, with previously validated
categories for low (<30), moderate (30 to 44) and high (>44) disease activity (16).
STATISTICAL ANALYSIS
Baseline demographic and disease-related characteristics were compared between the
439 patients with a baseline MBDA assessment and the 92 patients without an MBDA
assessment using independent samples t-tests and Mann-Whitney U tests for normally
and non-normally distributed continuous variables, and Pearson χ2 tests for categorical
variables. Disease relapse was defined three ways, using the criteria of: 1) restarting TNFi
treatment, 2) any DMARD medication escalation and 3) physician-reported flare. DMARD
medication escalation was defined as restarting TNFi treatment or starting or increasing the
dosing of any bDMARD or csDMARD (including corticosteroids) (24). Baseline characteristics
of patients who did and did not meet the different criteria for relapse within the 12-month
follow-up period were first compared using univariate logistic regression analyses. Patients
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who dropped out before 12 months of follow-up without meeting a criterion for relapse were
counted in this analysis with those who continued to have a response. For each criterion
for relapse, the proportions of patients in the low (<30), moderate (30–44) and high (>44)
MBDA score groups who relapsed were compared by univariate Pearson χ2 tests with
Bonferroni adjustment for the number of comparisons (P < (0.05 / 3 =) 0.017). Additional
sensitivity analyses were performed limited to those patients that were included based
on two available DAS28 scores <3.2in the six months prior to inclusion, those who met
the inclusion criteria for stable LDA but had moderate DAS28-ESR at baseline, and those
who were in remission at baseline (DAS28 scores <2.6). One-year relapse-free survival
was examined for the low, moderate, and high MBDA score groups using Kaplan-Meier
survival curves; patients who dropped out early without disease relapse were censored
at the time of withdrawal. Between-group differences in survival were tested by pairwise
log-rank tests, again with Bonferroni adjustment for the number of comparisons (P < 0.017).
Based on the results of the univariate χ2 tests and Kaplan-Meier survival analyses, baseline
MBDA scores were dichotomized as high (>44) vs. moderate-to-low (≤44). Cox proportional
hazard regressions were used to estimate the hazard ratio (HR), which may be interpreted
as a relative risk, of high vs. moderate-to-low MBDA score for the time to relapse. Next,
univariate and multivariable logistic regression analyses were performed to evaluate the
association between disease relapse within 12 months and high baseline MBDA score in
terms of unadjusted odds ratios (ORs), ORs adjusted for baseline DAS28-ESR score, and
ORs further adjusted for all other variables that were significantly (P < 0.05) associated
witha relapse criterion in the univariate logistic regression analyses. Final sensitivity
analyses were performed in which all patients with a missing visit (missing DAS28 score
at 3, 6, 9, or 12 months) were counted as a flare on all flare criteria. All analyses were
performed using SPSS version 22.
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RESULTS
DEMOGRAPHIC AND CLINICAL DATA AT BASELINE
From the 531 patients who were randomized to stop TNFi treatment in POET, baseline
serum samples were available for MBDA testing for 439 patients. Among these patients,
356 (81.1%) were included based on at least two available DAS28 scores <3.2, and 83
(18.9%) were included based on the rheumatologist clinical impression of remission or
stable low disease activity in combination with at least one available CRP value <10 mg/L.
Baseline demographic and clinical data were similar between patients with or without a
baseline MBDA sample (Table 1). Patients were typically older Dutch Caucasian females,
with longstanding RF-positive, erosive RA. Most patients were receiving their first TNFi,
with 51.3% of 439 patients receiving adalimumab, 40.1% receiving etanercept and 8.6%
receiving infliximab, certolizumab or golimumab. Clinical disease activity was generally
low, in accordance with study inclusion criteria, and 349 (79.5%) patients were in remission
(DAS28-ESR <2.6) at baseline. Seventeen (3.9%) patients dropped out during the first 12
months of follow-up because of their own decision to drop out (n=13) or presence of a
comorbidity(n=4).

Table 1. Baseline characteristics of POET patients grouped according to sample availability for
MBDA testing

Characteristic (N=531)
Female, n (%)
Age (yrs.), mean (SD)
Disease duration (yrs.), median (IQR)
BMI, mean (SD)
RF positive, n (%)

MBDA
sample
(n= 439)

No MBDA sample
(n=92)

P

296 (67.4%)

66 (71.7%)

0.419

59.8 (10.8)

61.7 (10.6)

0.137

10 (6–17)

9 (6–16)

0.535

25.9 (4.3)

25.9 (4.0)

0.854

270 (67.3%)

58 (68.2%)

0.872

ACPA positive, n (%)

277 (69.1%)

55 (64.7%)

0.431

Erosive disease, n (%)

252 (62.8%)

53 (62.4%)

0.932

9.0 (5–17)

9.5 (5–18)

0.638

CRP, median (IQR)

2 (1–5)

3 (1–5.8)

0.388

TJC28, median (IQR)

0 (0–1)

0 (0–0)

0.043

ESR, median (IQR)

SJC28, median (IQR)
PGA, median (IQR)
DAS28-ESR
MBDA score, mean (SD)

0 (0–0)

0 (0–1)

0.328

20.7 (9.0–28.1)

20.4 (5.0–23.4)

0.455

2.0 (0.8)

1.9 (0.7)

0.549

30.2 (12.6)

-

-
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Table 1 CONTINUED. Baseline characteristics of POET patients grouped according to sample
availability for MBDA testing

Characteristic (N=531)
Number of TNFi, n (%)
1st
2nd
3rd
csDMARD, n (%)
Methotrexate
Other csDMARD
No DMARD

MBDA
sample
(n= 439)

No MBDA sample
(n=92)

379 (86.5%)
50 (11.4%)
9 (2.1%)

80 (87.0%)
11 (12.0%)
1 (1.1%)

382 (87.0%)
35 (8.0%)
22 (5.0%)

77 (83.7)
8 (8.7%)
7 (7.6%)

P

0.819

0.581

TNFi = tumor necrosis factor-alpha inhibitors; DAS28 = disease activity score in 28 joints; BMI = body mass index; RF
= rheumatoid factor; ACPA = anti-cyclic citrullinated peptide antibodies; ESR = erythrocyte sedimentation rate; CRP
= C-reactive protein; TJC28 = 28-joint tender joint count; SJC28 = 28-joint swollen joint count; PGA = patient global
assessment; MBDA = multi-biomarker disease activity; csDMARD = conventional synthetic disease modifying antirheumatic drug; SD (standard deviation); IQR (interquartile range).

ASSOCIATION BETWEEN BASELINE MBDA SCORE AND DISEASE RELAPSE
Baseline MBDA scores were low (<30) in 220 (50.1%) patients, moderate (30−44) in
155 (35.3%) patients, and high (>44) in 64 (14.6%). Clinical disease activity at baseline,
as measured with the DAS28-ESR, was low in 413 (94.1%) patients and moderate in 26
(5.9%) patients. Within 12 months, 219 patients (49.9%) had restarted TNFi treatment, 259
(59.0%) patients had escalated any DMARD, and 251 (57.2%) had experienced at least one
physician-reported flare. There was no significant difference in the proportion of patients
experiencing a relapse between those who were included based on available DAS28
scores and those who were included based on the rheumatologist clinical impression and
the CRP value (TNFi restart: 51.4% vs. 43.4%, P = 0.188; medication escalation: 60.1% vs.
54.2%, P = 0.325; physician-reported flare: 57.3% vs. 56.6%, P = 0.911).
There was considerable overlap of the different relapse groups (Figure 1). For example,
among the 289 patients who met at least one criterion for relapse, only 12 (4.2%) restarted
TNFi treatment without also having a physician-reported flare, while 44 (15.2%) patients
had a physician-reported flare but did not restart TNFi treatment; 207 out of 289 (71.6%) of
the patients who relapsed met all three criteria. One hundred fifty (34.2%) patients in the
overall cohort (N=439) completed one year without meeting any of the three criteria for
relapse.
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Figure 1. Venn diagram of patients meeting criteria for disease relapse.
Red = TNFi restart; green = medication escalation; blue = physician-reported flare; yellow = overlap
medication escalation / physician-reported flare; grey = overlap medication escalation / TNFi restart.
Percentages are for the 289 patients who met at least one of the three criteria of disease relapse.

High MBDA scores (>44) at baseline were univariately associated with significantly
(Bonferroni adjusted P < 0.017) greater proportions of patients meeting the criteria for
disease relapse (Table 2). At least one criterion of relapse was met within 12 months of
TNFi discontinuation by 59.5%, 68.4% and 81.3% of patients with low, moderate, or high
baseline MBDA scores, respectively (P = 0.004). Differences in the cumulative 12-month
proportions of patients with relapse and the times to event were relatively small between
patients with low or moderate MBDA scores, but patients with high MBDA scores were
clearly at increased risk.
Table 2. Disease relapse by three criteria at 12 months for patients classified by baseline MBDA
score
Total

Low (<30)
n=220

TNFi restart

219

Medication escalation

259

Criterion for relapse

Moderate (30–44)
n=155

High (>44)
n=64

P

102 (46.4%)

74 (47.7%)

43 (67.2%)

0.011

117 (53.2%)

92 (59.4%)

50 (78.1%)

0.002

Physician-reported flare

251

116 (52.7%)

87 (56.1%)

48 (75.0%)

0.006

Any criterion

289

131 (59.5%)

106 (68.4%)

52 (81.3%)

0.004

Any criterion = TNFi re-initation, medication escalation, or physician-reported flare. P-value by Pearson χ2 test. Total
N=439.
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Differences in disease relapse were very similar when limited to those patients that were
included based on two available DAS28 scores <3.2in the six months prior to inclusion
(Supplementary Table 1), although no longer significant for TNFi restart after Bonferroni
adjustment. Similar results were also obtained in a sensitivity analysis that excluded the
26 patients who met the inclusion criteria for stable LDA but had moderate DAS28-ESR
at baseline (Supplementary Table 2). Among patients in remission at baseline (DAS28ESR <2.6), differences between MBDA categories were slightly less pronounced and not
significant after Bonferroni correction (Supplementary Table 3).
Univariate Kaplan-Meier survival analyses confirmed the significantly decreased oneyear relapse-free survival in patients with high baseline MBDA scores (Figure 2).
Pairwisedifferences in one-year relapse-free survival were not significant between
patients with low or moderate MBDA scores, but patients with high MBDA scores had
significantly (Bonferroni adjusted P < 0.017) worse relapse-free survival than patients with
either moderate or low MBDA scores for all three criteria of relapse. The HRs of high vs.
moderate-to-low baseline MBDA scores were 1.61 (95% CI 1.15–2.25, P = 0.005) for TNFi
restart, 1.66 (95% CI 1.22–2.26, P = 0.001) for medication escalation, and 1.64 (95% CI
1.20–2.25, P = 0.002) for physician-reported flare.

76

MULTI-BIOMARKER DISEASE ACTIVITY SCORE AS A PREDICTOR OF DISEASE RELAPSE IN PATIENTS WITH RHEUMATOIR
ARTHRITIS STOPPING TNF INHIBATOR TREATMENT

Figure 2. Kaplan-Meier survival curves.
Low MBDA scores (<30, green; n=220), moderate MBDA scores (30–44, blue; n=155), high MBDA
scores (>40, red; n=64) for three definitions of disease relapse. TNFi restart (top), medication escalation
(middle) and physician-reported flare (bottom)
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UNIVARIATE AND MULTIVARIATE ANALYSIS OF RISK FACTORS FOR DISEASE
RELAPSE AT 12 MONTHS
In univariate logistic regression analyses, greater disease duration was significantly
associated with all three criteria for disease relapse at 12 months (ORs 1.04–1.05, 95%
CI 1.01–1.08) (Supplementary Table 4). Higher BMI was associated with increased odds of
restarting TNFi (OR 1.05, 95% CI 1.01–1.10), medication escalation (OR 1.07, 95% CI 1.02–1.13)
and any criterion (OR 1.06, 95% CI 1.01–1.12). Erosive disease was significantly associated
with restarting TNFi (OR 1.62, 95% CI 1.08–2.44), but not with the other two criteria. Baseline
DAS28-ESR was significantly associated with medication escalation (OR 1.57, 95% CI 1.21–
2.04), physician-reported flare (OR 1.36, 95% CI 1.06–1.75) and any criterion (OR 1.65, 95%
CI 1.26–2.17), but not with restarting TNFi treatment (OR 1.25, 95% CI 0.98–1.60).
In multivariate analysis with adjustment for baseline DAS28-ESR, disease relapse after
stopping TNFi treatment was more than twice as likely to occur in patients with a high
baseline MBDA score, regardless of the relapse criterion used (Table 3). After adjusting
for baseline DAS28-ESR, disease duration, BMI and erosions, high baseline MBDA score
remained a significant independent predictor of disease relapse by all three criteria (Table
3). However, it did not remain significantly associated with the composite definition of
relapse in the fully adjusted model. In a final sensitivity analysis in which all patients with
a missing visit were counted as a flare, high MBDA score remained a significant predictor
of clinical flare and a marginally significant predictor of medication escalation and TNFirestart (Supplementary Table 5).
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Table 3. Univariate and multivariate analyses of high (>44) versus moderate or low baseline
MBDA score as a predictor of disease relapse at 12 months
Unadjusted
Criterion for relapse
TNFi restart
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive
Medication escalation
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive

OR (95% CI)

Adjusted
P

P

OR (95% CI)

P

2.32 (1.32–4.05) 0.003

2.17 (1.23–3.83)
1.17 (0.91–1.51)

0.008
0.219

1.85 (1.00–3.40)
1.10 (0.84–1.45)
1.05 (1.02–1.08)
1.06 (1.01–1.11)
1.30 (1.00–3.40)

0.049
0.474
<0.001
0.031
0.248

2.84 (1.52–5.31)

2.44 (1.29–4.62)
1.47 (1.13–1.92)

0.006
0.004

1.99 (1.01–3.94)
1.48 (1.11–1.97)
1.04 (1.01–1.06)
1.07 (1.01–1.13)
1.24 (0.79–1.97)

0.047
0.008
0.011
0.014
0.353

2.31 (1.25–4.25)
1.27 (0.98–1.65)

0.007
0.069

2.00 (1.06–3.77)
1.20 (0.92–1.58)
1.04 (1.01–1.06)
1.03 (0.98–1.08)
1.08 (0.69–1.68)

0.033
0.184
0.007
0.228
0.784

2.12 (1.08–4.16)
1.56 (1.18–2.07)

0.029
0.002

1.68 (0.83–3.40)
1.54 (1.14–2.07)
1.04 (1.01–1.07)
1.06 (1.00–1.12)
1.25 (0.78–3.40)

0.147
0.005
0.010
0.037
0.347

0.001

Physician-reported flare
MBDA >44
2.54 (1.39–4.64) 0.002
DAS28-ESR
Disease duration
BMI
Erosive
Any criterion
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive

Fully adjusted

OR (95% CI)

2.52 (1.30–4.89) 0.006

DAS28-ESR, disease duration and BMI were analyzed as continuous variables; MBDA score (>44) and erosive (yes/
no) were analyzed as categorical variables. Adjusted = adjusted for DAS28. Fully adjusted = adjusted for DAS28,
disease duration, BMI and erosions. Any criterion includes patients with TNFi re-initation, medication escalation or
physician-reported flare. Total N=439. See Table 2 for n-values by relapse criterion.
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DISCUSSION
Our analyses of the POET study show that, for RA patients in remission or stable LDA,
a high MBDA score at the time of TNFi discontinuation was significantly associated with
disease relapse during the next 12 months. Over 80% of patients with a high baseline MBDA
score relapsed according to at least one of the three criteria we used. This rate of relapse
was substantially higher for patients with low or moderate MBDA scores, suggesting that
patients with low clinical disease activity and high MBDA scores may have inflammation
that is partly or entirely subclinical. Several other studies have found the MBDA score to
be frequently elevated when conventional clinical measures indicate remission or LDA
(19,20,22,23)

. Moreover, such patients were at increased risk for progressive joint damage (19,20,22).

Consequently, discontinuation of TNFi treatment in POET may have allowed a resurgence
of residual inflammation and subsequent clinical relapse

(23)

. Our finding that the MBDA

score was a predictor of relapse independently of DAS28-ESR suggests that it may be a
clinically useful tool for identifying patients who are at increased risk of unsuccessful TNFi
discontinuation.
Although high MBDA was an independent predictor of three predefined criteria for relapse
(TNFi restart, medication escalation, and physician-reported flare), it should be noted that
it did not remain significantly associated with meeting any criterion of flare when adjusting
for all other potential predictors, including DAS28 score. Previous studies have explored
predictors of disease relapse after TNFi discontinuation and, although results varied
considerably, greater clinical disease activity at the time of discontinuation has been
identified as a predictor

(9–11)

. Likewise, our study found that higher baseline DAS28-ESR

scores were associated with two criteria for disease relapse, but not with the criterion of
restarting TNFi treatment.
In other studies, RF positivity, shorter disease duration, non-smoking and normal body mass
index (BMI) have been associated with successful TNFi discontinuation

(10,12)

. In the current

study, higher BMI scores were univariately associated with increased odds of meeting two
criteria of disease relapse but not physician-reported flare, and longer disease duration
was a strong predictor for all three definitions of disease relapse. Erosive disease was
univariately associated with TNFi restart. Neither positivity for RF nor ACPA was associated
with disease relapse.
We previously demonstrated that RA patients in remission or stable low disease activity, as
defined by the DAS28-ESR, had a relapse risk of approximately 50% within 12 months of
discontinuing TNFi treatment in the POET study (24). With such a high likelihood of relapsing,
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it may be helpful to have an effective tool to predict the outcome of treatment withdrawal.
The MBDA score has been shown to correlate significantly with the DAS28-ESR, DAS28CRP, simplified disease activity index (SDAI) and clinical disease activity index (CDAI), both
overall and in seronegative and seropositive RA patients

(16,27,28)

. The MBDA score was an

independent predictor of disease relapse in a study of RA patients in clinical remission
who tapered, and in one arm of the study stopped, all RA therapy, including csDMARDs
and bDMARDs

(18)

. The present study is the first to demonstrate the utility of the MBDA

score as a predictor for risk of disease relapse in RA patients who discontinued TNFi
treatment at baseline.
Patients with high MBDA had an odds ratio of approximately 2 for experiencing a relapse
as defined by the three criteria. However, the proportion of patients with low or moderate
MBDA scores who still relapsed within 12 months was also quite high, which may limit the
utility of the MBDA to guide TNFi discontinuation in clinical practice. Additionally, since
odds ratios tend to overestimate the probability of frequent events (the overall prevalence
of relapse ranged from approximately 50% - 60% on the different criteria), the hazard
ratios or relative risks of around 1.6 found in the one-year survival analyses may be a more
appropriate and precise estimate of risk for relapse associated with high MBDA.
Our study has several strengths. The data we analyzed were collected in POET, the
largest randomized controlled trial on stopping TNFi in RA patients in remission or stable
low disease activity to date. The MBDA score was measured in an unbiased selection of
439 patients in the stop group, comprising 83% of those who stopped TNFi treatment in
POET. Most patients in our study had long disease duration (i.e., established RA) and an
average age of 60 years, which is representative of the TNFi-using RA population in The
Netherlands. Our finding that MBDA score was a predictor of relapse risk is strengthened
by our having used 3 different definitions of disease relapse: 1) restarting TNFi treatment,
2) escalation of any DMARD therapy and 3) physician-reported flare, which identified more
relapses than with any one criterion alone. MBDA scores at baseline were predictive of
each definition of disease relapse.
A limitation of the study is that MBDA score was measured only at baseline. Longitudinal
measurements may have provided insight into the effect of TNFi discontinuation on MBDA
scores over time, and the potential for early change in MBDA score to predict relapse.
Although only the MBDA score has been validated for measuring disease activity, it
remains to be explored if any of the 12 biomarkers in the MBDA score might individually
have ability to predict disease relapse.
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In conclusion, for RA patients in remission or stable LDA, a high baseline MBDA score was
frequently observed and was found to be an independent predictor of disease relapse
within 12 months of TNFi discontinuation. These results suggest that the MBDA score may
be a clinically useful tool for identifying subgroups of patients who have an increased
risk of relapse when stopping TNFi treatment. These data should be confirmed in other
studies.
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SUPPLEMENTARY FILES
Supplementary Table 1. Disease relapse by three criteria at 12 months for patients classified by
baseline MBDA score in those patients included based on at least two available DAS28 scores
<3.2 in the six months prior to inclusion
Total

Low (<30)
n=214

Moderate (30–44)
n=145

High (>44)
n=54

P

183

88 (47.3%)

62 (51.2%)

33 (67.3%)

0.044

Criterion for relapse
TNFi restart
Medication escalation

214

101 (54.3%)

75 (62.0%)

38 (77.6%)

0.011

Physician-reported flare

204

98 (52.7%)

69 (57.0%)

37 (75.5%)

0.016

Any criterion

234

111 (59.7%)

84 (69.4%)

39 (79.6%)

0.019

Any criterion = TNFi re-initation, medication escalation, or physician-reported flare. P-value by Pearson χ test. Total
2

N=356.

Supplementary Table 2. Disease relapse by three criteria at 12 months for patients classified by
baseline MBDA score excluding 26 patients with DAS28 ≥3.2 at baseline
Total
Criterion for relapse

Low (<30)
n=214

Moderate (30–44)
n=145

High (>44)
n=54

P

TNFi restart

205

99 (46.3%)

69 (47.6%)

37 (68.5%)

0.012

Medication escalation

240

113 (52.8%)

86 (59.3%)

41 (75.9%)

0.008

Physician-reported flare

236

113 (52.8%)

82 (56.6%)

41 (75.9%)

0.009

Any criterion

269

127 (59.3%)

99 (68.3%)

43 (79.6%)

0.012

Any criterion = TNFi re-initation, medication escalation, or physician-reported flare. P-value by Pearson χ2 test. Total
N=413.

Supplementary Table 3. Disease relapse by three criteria at 12 months for patients classified by
baseline MBDA score for patients in DAS28 remission at baseline
Total

Low (<30)
n=220

n=155

n=64

TNFi restart

170

88 (46.6%)

55 (46.2%)

27 (65.9%)

Criterion for relapse

Moderate (30–44)

High (>44)

P

0.065

Medication escalation

196

100 (52.9%)

67 (56.3%)

29 (70.7%)

0.114

Physician-reported flare

191

97 (51.3%)

64 (53.8%)

30 (73.2%)

0.038

Any criterion

217

109 (57.7%)

77 (64.7%)

31 (75.6%)

0.078

Any criterion = TNFi re-initation, medication escalation, or physician-reported flare. P-value by Pearson χ2 test. Total
N=349.
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Supplementary Table 4. Univariate associations between baseline variables and three definitions
of disease relapse within 12 months in the stop group
TNFi restart
Characteristic

Medication
escalation

Physicianreported flare

Any flare

Female sex

0.93 (0.63-1.39);
0.735

0.86 (0.57-1.29);
0.452

0.95 (0.63-1.42);
0.799

1.01 (0.66-1.53);
0.976

Age

1.00 (0.98-1.02);
0.990

1.01 (0.99-1.03);
0.242

1.01 (0.99-1.03);
0.170

1.01 (0.99-1.03);
0.300

Disease duration

1.05 (1.02-1.08);
<0.001

1.04 (1.01-1.06);
0.003

1.04 (1.01-1.06);
0.003

1.04 (1.01-1.07);
0.003

BMI

1.05 (1.01-1.10);
0.030

1.07 (1.02-1.13);
0.005

1.04 (0.99-1.09);
0.137

1.06 (1.01-1.12);
0.018

1.14 (0.75-1.74);
0.530

1.23 (0.80-1.88);
0.340

1.04 (0.68-1.58);
0.865

1.14 (0.73-1.77);
0.564

1.06 (0.70-1.62);
0.775

1.00 (0.65-1.55);
0.988

1.31 (0.86-1.01);
0.209

0.99 (0.63-1.56);
0.977

1.62 (1.08-2.44);
0.020

1.46 (0.96-2.20);
0.075

1.31 (0.87-1.97);
0.195

1.50 (0.98-2.30);
0.060

DAS28-ESR

1.25 (0.98-1.60);
0.074

1.57 (1.21-2.04);
0.001

1.36 (1.06-1.75);
0.017

1.65 (1.26-2.17);
<0.001

MBDA score

1.02 (1.01-1.04);
0.008

1.03 (1.02-1.05);
<0.001

1.02 (1.01-1.04);
0.002

1.04 (1.02-1.05);
<0.001

1.12 (0.71-1.76);
0.620

1.05 (0.66-1.67);
0.825

1.42 (0.88-2.29);
0.154

1.31 (0.79-2.16);
0.301

0.83 (0.35-1.96);
0.670

0.68 (0.29-1.61);
0.381

1.09 (0.45-2.60);
0.852

0.74 (0.31-1.77);
0.495

RF positive
Anti-CCP positive
Erosive disease

Number of TNFi
Concomitant
DMARD

Values are for OR (95% CI) and P-value; boldfaced when P <0.05. Age, disease duration, BMI, DAS28-ESR and MBDA
score were analyzed as continuous variables. All others were analyzed as categorical variables. N=439.
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Supplementary Table 5. Univariate and multivariate analyses of high (>44) versus moderate or low
baseline MBDA score as a predictor of disease relapse at 12 months. Sensitivity analysis with all
patients with a missing visit (missing DAS28 score at 3, 6, 9 or 12 months) counted as a flare on
all flare criteria.
Unadjusted
Criterion for relapse
TNFi restart
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive
Medication escalation
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive
Physician-reported
flare
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive
Any criterion
MBDA >44
DAS28-ESR
Disease duration
BMI
Erosive

Adjusted

Fully adjusted

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

2.13 (1.15–3.94)

0.016

1.90 (1.02–3.55)
1.32 (1.01–1.72)

0.044
0.040

1.82 (0.93–3.56)
1.32 (0.99–1.77)
1.07 (1.03–1.10)
1.02 (0.97–1.07)
1.26 (0.80–2.00)

0.083
0.059
<0.001
0.443
0.318

2.64 (1.30–5.35)

0.007

2.24 (1.09–4.60)
1.52 (1.14–4.60)

0.029
0.004

2.04 (0.93–4.45)
1.58 (1.15–2.17)
1.06 (1.03–1.10)
1.04 (0.99–1.10)
1.33 (0.81–2.17)

0.074
0.004
<0.001
0.129
0.256

2.50 (1.26–4.95)

0.009

2.21 (1.10–4.42)
1.35 (1.03–1.79)

0.025
0.033

2.07 (1.01–4.26)
1.32 (0.98–1.78)
1.05 (1.02–1.08)
1.00 (0.95–1.06)
1.00 (0.62–1.60)

0.048
0.064
0.001
0.916
0.996

2.62 (1.21–5.68)

0.015

2.20 (1.00–4.83)
1.55 (1.14–2.10)

0.050
0.005

1.88 (0.83–4.26)
1.54 (1.11–2.14)
1.06 (1.02–1.10)
1.04 (0.98–1.10)
1.34 (0.81–2.23)

0.131
0.011
0.001
0.209
0.257

DAS28-ESR, disease duration and BMI were analyzed as continuous variables; MBDA score (>44) and erosive (yes/
no) were analyzed as categorical variables. Adjusted = adjusted for DAS28. Fully adjusted = adjusted for DAS28,
disease duration, BMI and erosions. Any criterion includes patients with TNFi re-initation, medication escalation or
physician-reported flare. Total N=439.
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CHAPTER 5

ABSTRACT
OBJECTIVE
To determine the impact of stopping tumor necrosis factor inhibitor (TNFi) treatment on
patient-reported outcomes (PROs) of physical and mental health status, health utility, pain,
disability and fatigue in patients with established rheumatoid arthritis (RA).
METHODS
In the pragmatic 12-month POET trial, 817 RA patients with ≥6 months of remission or stable
low disease activity were randomized 2:1 to stopping or continuing TNFi. In case of flare,
TNFi was restarted at the discretion of the rheumatologist. PROs were assessed every 3
months.
RESULTS
TNFi was restarted within 12 months in 252/531 patients (47.5%) in the stop group. At
3 months, mean PRO scores were significantly worse in the stop group and a larger
proportion of patients experienced a minimal clinically important difference (MCID) on all
PROs. Effect sizes (ES) were strongest for health utility (ES = -0.24) and pain (ES = -0.30).
Mean scores improved again after this point but disability scores remained significantly
different at 12 months. After 12 months, the relative risk of experiencing a MCID ranged
from 1.16 for mental health status to 1.58 for fatigue. Mean PRO scores for patients restarting
TNFi within 6 months were no longer significantly different from those that did not restart
TNFi at 12 months.
CONCLUSION
Stopping TNFi had a significant negative short-term impact on a broad range of PROs.
Long-term negative consequences appeared to be limited and outcomes in patients
needing to restart TNFi within the first 6 months tended to be restored at 12 months.
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The introduction of biological agents such as tumor necrosis factor inhibitors (TNFi) has
drastically improved the outcomes and clinical course of rheumatoid arthritis (RA). Their
efficacy and effectiveness has been extensively demonstrated

(1–3)

, and several trials

have additionally demonstrated rapid and sustained improvements in a range of patientreported outcomes (PROs), including health-related quality of life, general health, pain,
disability, and fatigue (4–8).
As the long-term use of TNFi is costly and associated with increased risk of side effects (9–11),
the possibility of stopping TNFi in patients with stable low disease activity or remission is
receiving increasing interest. Several retrospective studies have suggested that stopping
TNFi is possible in some patients

(12,13)

, although two randomized trials showed that the

majority of patients experienced a disease relapse within one year after stopping (14,15). This
finding was recently confirmed in the POET trial

(16)

, which showed that 51.2% of patients

who stopped TNFi experienced a clinical flare within 12 months of follow-up compared to
18.2% of patients who continued TNFi treatment.
Current studies on stopping TNFi have primarily focused on the effects of discontinuation
on disease activity status as the primary endpoint. However, clinical measures of disease
activity may not adequately reflect the perception of illness and symptoms by RA patients
themselves

(17–20)

. Moreover, those studies that did report one or more patient-reported

outcomes (PROs) as secondary endpoints only examined group-level changes, providing
no information on the consequences of stopping TNFi at the individual patient level

(21)

.

Consequently, little is currently known about the effects of trying to stop TNFi on the
burden of disease as experienced by patients, especially in those patients who cannot
successfully stop. The objectives of the current study were to determine the effects of
stopping TNFi treatment on important PROs and to explore the course of symptoms in
patients restarting TNFi after a flare.

METHODS
PATIENTS
Detailed study design and results of primary endpoints of the POET trial have been
published (16). Briefly, the POET study was a pragmatic open-label trial in which RA patients
with stable low disease activity (LDA), defined as 28-joint Disease Activity Score (DAS28)
<3.2 for at least 6 months prior to inclusion, from 47 rheumatology centers throughout the
Netherlands were randomized 2:1 to either stop or continue TNFi treatment. All participating
patients were ≥18 years old, had RA per ACR 1987 criteria, and had received TNFi treatment
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for at least one year prior to inclusion. Concomitant treatment with conventional synthetic
DMARDs (csDMARDs) was continued. If RA flared, defined as a DAS28 ≥3.2 with an increase
>0.6 (22), TNFi could be restarted at the discretion of the treating rheumatologist. The study
was approved by the Ethical Review Boards of all participating hospitals and conducted
in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. The
POET study is registered in the Netherlands Trial Register, number NTR3112.
In total, 531 patients were allocated to the stop group and 286 to the continuation group
and followed for 12 months

(16)

. The primary outcome of the study was that significantly

more people in the stop group (272/531 [51.2%]) experienced a DAS28 flare than in the
continuation group (52/286 [18.2%]). Most of these flares (213/272 [78.3%]) occurred within
6 months after stopping TNFi. TNFi was restarted within 6 months in 211 patients (39.7%)
and within 12 months in 252 patients (47.5%) in the stop group. Almost 85% of the patients
who restarted TNFi within the first 6 months had regained low disease activity at 12 months.
MEASUREMENTS
Patients were evaluated by their treating rheumatologist and rheumatology nurse at baseline
and at least once every 3 months thereafter, for a period of one year. Baseline measures
included: age, sex, weight, height, disease duration, medication use, rheumatoid factor (RF)
and ACPA status, and concomitant use of csDMARDs. Clinical measurements were performed
at every scheduled or unscheduled visit and included the ESR (mm/h), CRP (mg/l), 28-joint
tender joint count (TJC28), 28-joint swollen joint count (SJC28), and a patient-reported
assessment of general health on a 100-mm visual analog scale (VAS-GH). These component
measures were combined to calculate the DAS28-ESR (23). Physician-reported flares and all
changes in medication were continuously recorded throughout the study.
Patients additionally completed six established PROs at baseline and before every study
visit, including the 36-item short-form (SF-36) health survey version 2.0 (24), five-dimensional
EuroQol (EQ-5D)

(25)

, the Health Assessment Questionnaire Disability Index (HAQ-DI)

and the Bristol RA Fatigue Multidimensional Questionnaire(BRAF-MDQ)

(27)

(26)

,

. Except for the

BRAF-MDQ, well-established values for minimal clinically important differences (MCIDs) are
available for each of these PROs as described below. Patients in the stop group also rated
their overall experience of stopping TNFi before each study visit.
MEASURES
Health status
The SF-36 assesses different aspects of health represented in 8 scales (24,28). The eight SF36 scales are linearly transformed to range from 0 to 100, with higher scores representing
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better health status. Additionally, the scale scores can be aggregated into a physical
component summary (PCS) and a mental component summary (MCS). The component
summary scores are standardized using normative data from the 1998 US general population
with a mean score of 50 and a standard deviation of 10. Changes of 5 to 10 points on the 0
to100 scales of the SF-36 and 2.5 to 5 on the norm-based component scales on the scales
are considered to be clinically meaningful (29,30). The data were analyzed based on an MCID
of ≥10 points on the bodily pain (BP) scale and ≥5 points on the component summaries as
this corresponds closely with the half a standard deviation rule of thumb (31).
Health utility
Health-related quality of life was additionally measured with the EuroQol (EQ-5D)

(32)

.

The EQ-5D assesses problems in five domains (mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression) on 3-point scales to produce a single, interval-level
utility score. Utilities reﬂect the relative desirability of the health state where 0 refers to
death and 1 refers to full health. Utility scores were calculated using the Dutch tariff (33). The
MCID for the EQ-5D in RA was reported to be 0.05 (34).
Functional disability
The HAQ-DI contains 20 items measuring limitations over the past week in eight categories
of daily living (26,35). Each item is scored on a 4-point rating scale from 0 (without any difficulty)
to 3 (unable to do). The standard total disability score was calculated by determining the
highest score in each of the eight categories, corrected for the use of aids and devices,
and then averaging the category scores

(36)

. Scores on the HAQ-DI range between 0 and

3, with higher values indicating more disability. A 2-step difference in score, or 0.25 units,
is considered clinically significant (37).
Fatigue
The BRAF-MDQ is a disease-specific, 20-item questionnaire covering domains of physical
fatigue (4 items), living (7 items), cognition (5 items), and emotion (4 items) (27). All 20 items can
be summed to produce a global fatigue score (range 0 to70), with higher scores representing
worse fatigue. As no formal MCID has been established for the BRAF-MDQ, a minimal increase
of 7 points was considered to indicate clinically relevant worsening, which corresponds to
approximately half a standard deviation as reported in previous studies (27,38,39).
Patient-reported experience of stopping TNFi
Patients in the stop group rated their experience of stopping TNFi on a single item (“I
experience stopping with the TNF blocker as…”) with a Likert-type response scale ranging
from 1 (very positive) to 5 (very negative).
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STATISTICAL ANALYSIS
Analyses were conducted on the intent-to-treat (ITT) population which included all
randomized patients. Mean scores on the PROs over time in the stop and continuation group
were compared using generalized estimating equations (GEE) models with exchangeable
correlation structures for repeated linear data with group (discontinuation vs. continuation),
time (0, 3, 6, and 12months), and group*time interaction as categorical factors to detect
any difference in PRO trajectories over time. Post-hoc t-tests were performed to analyze
between-group differences in scores at the different time points. Based on estimated
marginal means and corresponding standard errors from the GEE models, between-group
standardized effect sizes (ES) were expressed as Cohen’s d (Δ estimated marginal mean
/ pooled standard deviation) with 95% confidence intervals (95% CI) where 0.20 denotes
a small, 0.50 a moderate, and 0.80 a large effect

(40)

. Besides comparing mean scores

on a group level, individual patient-level analyses were performed by calculating the
proportion of patients experiencing a clinically important worsening of symptoms on each
PRO at each time point as compared to baseline. Proportions of patients experiencing
a worsening of symptoms ≥MCID were compared between the stop and continuation
group using binary logistic GEE models, again with group, time (3, 6, and 12 months), and
group*time as factors. Post-hoc chi-square tests and relative risks (RR) with 95% CI were
used to examine the significance and magnitude of differences at each follow-up point.
Additional descriptive analyses (linear GEE models without adjustment for covariates) were
performed in the stop group only to compare longitudinal scores on each PRO between
patients who needed to restart TNFi within 6 months versus those that did not restart
during the full 12 months of the study.

RESULTS
PATIENT CHARACTERISTICS AND BASELINE SCORES
Baseline demographics, disease characteristics and PRO scores were similar in both
groups (Table 1). Most patients had longstanding, RF positive, disease. The majority
(85.9%) was on their first TNFi, predominantly adalimumab or etanercept. Scores on all
PROs indicated relatively mild disease impact at baseline, as would be expected for RA
patients in stable remission or low disease activity. Mean SF-36 component summary
scores indicated that patients’ mental health was comparable to general population norms,
while their physical health score was approximately half a standard deviation below the
population mean. PRO scores were significantly but modestly correlated with DAS28-ESR
scores over the different time points (Pearson r’s ranging from 0.08 to 0.45), confirming
that patient-perceived symptoms and clinical disease activity reflected related but distinct
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aspects of the disease (Supplementary Table 1).

Table 1. Baseline characteristics of the patients
Characteristic

Stop TNFi
(n=531)

Continue TNFi
(n=286)

Female, n (%)

362 (68.2)

188 (66.0)

Age, mean (SD) years

60.0 (11.8)

59.7 (10.6)

Disease duration, mean (SD) years

12.0 (8.8)

11.1 (8.4)

DAS28, mean (SD)

1.97 (0.76)

2.05 (0.74)

RF positive, n (%)

328 (67.5)

178 (67.4)

TNFi, n (%)
Adalimumab
Etanercept
Infliximab
Golimumab
Certolizumab

271 (51.1)
213 (40.2)
25 (4.7)
15 (2.8)
6 (1.1)

129 (45.1)
133 (46.5)
14 (4.9)
8 (2.8)
2 (0.7)

459 (86.6)
61 (11.5)
10 (1.9)

243 (85.0)
37 (12.9)
6 (2.1)

45.6 (8.8)
52.0 (8.9)
71.9 (19.4)

45.3 (8.8)
51.64 (10.2)
72.1 (19.3)

Number of TNFi taken, n (%)
1st
2nd
3rd
SF-36, mean (SD)
Physical component summary score
Mental component summary score
Bodily pain score
EQ-5D, mean (SD)

0.84 (0.18)

0.85 (0.14)

HAQ-DI, mean (SD)

0.60 (0.62)

0.59 (0.59)

BRAF-MDQ, mean (SD)

14.7 (11.2)

15.4 (12.2)

BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire;DAS28 = disease activity score in 28 joints; EQ-5D
= five-dimensional EuroQol; HAQ-DI = Health Assessment Questionnaire Disability Index; RF = rheumatoid factor;
SF-36 = 36-item short-form health survey; TNFi = tumor necrosis factor-alpha inhibitor.

PRO SCORES IN PATIENTS STOPPING VS. CONTINUING TNFi
The GEE analyses (Supplementary Table 2) showed a significant group by time interaction
for all PROs, except for the EQ-5D, indicating that mean scores changed significantly
different between both groups over time. Although all effect sizes were of small magnitude,
post-hoc t-tests confirmed that mean scores at 3 months were significantly worse in the
stop group than those in the continuation group on all PROs (Figures 1-3). Mean SF-36 MCS
appeared to improve slightly between baseline and 3-month follow-up in the continuation
group, but this improvement was not significant (paired t-test, P = 0.192).
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The short-term impact of stopping TNFi was largest for pain with SF-36 BP scores being
around 7 points lower (ES = -0.30) in the stop group at 3 months. After this point, PRO
scores in the stop group tended to stabilize and steadily improve again. At 6 months,
physical health status, pain and functional disability scores remained significantly worse
in the stop group. Pain in the stop group improved further and was no longer significantly
different at 12 months. Functional disability scores, however, remained slightly (ES = 0.18)
but significantly higher in the stop group.
MCIDs IN PATIENTS STOPPING VS. CONTINUING TNFi
The proportion of patients experiencing a worsening ≥ MCID at 3 months was significantly
larger in the stop group for all PROs (Supplementary Table 3 and Figures 1-3). Except for
the SF-36 MCS, there was no interaction between group and time, indicating that this
difference between groups remained stable over the remaining course of follow-up. A
substantial number of patients continuing TNFi also experienced a MCID due to natural
fluctuations or measurement error. The proportion of patients experiencing a MCID was
largest for pain at all follow-up time points in both the continuation (31.3% to 64.0%) and the
stop group (49.5% to 80.0%). The RR for experiencing a MCID at 3 months ranged from 1.63
on the EQ-5D to 2.19 on the SF-36 MCS for patients stopping vs. continuing TNFi. Over the
course of follow-up RRs decreased for al PROs, but the differences remained significant
for all PROs except mental health status (Figures 1-3). After 12 months, trying to stop TNFi
had resulted in an additional 5.5% (SF-36 MCS) to 18.6% (HAQ-DI) of patients experiencing
a clinically important worsening on top of those observed in the continuation group.
PRO SCORES IN PATIENTS RESTARTING VS. NOT RESTARTING TNFi
At 6 months, TNFi was restarted in 211 patients in the stop group (39.7%), whereas 279
patients (52.5%) did not restart TNFi during the entire 12 months of follow-up. Estimated
mean scores in both subgroups are shown in Figures 4-5. In those patients experiencing
a flare and needing to restart TNFi within the first 6 months after baseline, this was
accompanied by a sharp worsening of physical health status, pain, health utility and
disability scores at 3 and 6 months. Effect sizes were -0.42 (95% CI: -0.60 to -0.24) and
-0.42 (95% CI: -0.60 to -0.24) for SF-36 PCS, -0.56 (95% CI: -0.74 to -0.37) and -0.41 (95%
CI: -0.59 to -0.22) for SF-36 BP, -0.36 (95% CI: -0.54 to -0.18) and -0.21 (95% CI: -0.39 to
-0.03) for EQ-5D, and 0.30 (95% CI: 0.12 to 0.48) and 0.29 (95% CI: 0.11 to 0.47) for HAQ-DI
scores at 3 and 6 months, respectively. PRO scores improved rapidly after restart and were
no longer significantly different from those that did not restart TNFi at all after 9 months.
PATIENT-REPORTED EXPERIENCE OF STOPPING TNFi
The proportion of patients who rated their experience of stopping TNFi as positive or very
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positive after 12 months was 38.8%, while 43.6% experienced stopping as negative or very
negative (Supplementary Table 4). At each time point, experience ratings were strongly
associated with having restarted TNFi at that time or not. Across study visits, 72.4% to
76.2%of the patients that restarted TNFi rated their experience as negative as opposed to
12.1% to 18.9% of the patients that did not restart (Supplementary Table 5).

Figure 1. Estimated mean PRO scores on physical and mental health status in all patients over
time (left panel), stratified into those who continued (dashed line) and stopped TNFi (solid line).
Cumulative proportion of patients experiencing a MCID as compared with baseline (right panel),
gray bars are patients in the stop group. Error bars are 95% Wald CIs for both mean scores and
proportions.
SF-36 = 36-item short-form health survey; PCS = physical component summary; MCS = mental
component summary. * P<0.05; ** P <0.01; *** P<0.001 for between-group t-tests or chi-square tests.
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Figure 2. Estimated mean PRO scores on pain and health utility in all patients over time (left
panel), stratified into those who continued (dashed line) and stopped TNFi (solid line). Cumulative
proportion of patients experiencing a MCID as compared with baseline (right panel), gray bars
are patients in the stop group. Error bars are 95% Wald confidence intervals for both mean scores
and proportions.
P-values are for between-group t-tests or chi-square tests. SF-36 = 36-item short-form health survey;
BP = bodily pain; EQ-5D = five-dimensional EuroQol.
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Figure 3. Estimated mean PRO scores on disability and fatigue in all patients over time (left panel),
stratified into those who continued (dashed line) and stopped TNFi (solid line). Cumulative
proportion of patients experiencing a MCID as compared with baseline (right panel), gray bars
are patients in the stop group. Error bars are 95% Wald confidence intervals for both mean scores
and proportions.
P-values are for between-group t-tests or chi-square tests. HAQ-DI = Health Assessment Questionnaire
Disability Index; BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire. * P<0.05; ** P <0.01;
*** P<0.001 for between-group t-tests or chi-square tests.
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Figure 4. Estimated mean PRO scores on physical and mental health status, pain, and health
utility of patients stopping TNFI, stratified into those who restarted within 6 months (solid line; n
= 211) and remained off drug throughout the 12-month study period (dashed line; n = 279). Those
who restarted after the 6-month visit were excluded. For comparison, mean scores in the total
continuation group are plotted as solid grey lines (without error bars). Error bars are 95% Wald
confidence intervals.
P-values are for between-group t-tests or chi-square tests. SF-36 = 36-item short-form health survey
version; PCS = physical component summary; MCS = mental component summary; BP = bodily pain;
EQ-5D = five-dimensional EuroQol.
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Figure 5. Estimated mean PRO scores on disability and fatigue of patients stopping TNFI, stratified
into those who restarted within 6 months (solid line; n = 211) and remained off drug throughout
the 12-month study period (dashed line; n = 279). Those who restarted after the 6-month visit
were excluded. For comparison, mean scores in the total continuation group are plotted as solid
grey lines (without error bars). Error bars are 95% Wald confidence intervals.
P-values are for between-group t-tests or chi-square tests. HAQ-DI = Health Assessment Questionnaire
Disability Index; BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire.

DISCUSSION
The POET trial showed that stopping TNFi treatment in patients with established RA in
remission or with stable low disease activity resulted in substantially more clinical flares, but
that most patients who restarted TNFi treatment quickly regained remission or low disease
activity

(16)

. The current study extends these findings by demonstrating that stopping TNFi

also had a significant, but small, short-term negative impact on patient-reported physical
and mental health status, health utility, pain, disability and fatigue. Except for physical
disability, PRO scores did not remain significantly different at 12 months. However, the
proportion of patients with worsening above MCID was higher and differed significantly
for more PROs (Supplementary Table 2).Moreover, subgroup analyses showed that for
patients who restarted TNFi after a flare within the first 6 months, 9- and 12-month PRO
scores were no longer different from those that did not restart at all. As such, a strategy
of trying to stop TNFi treatment and quickly restarting in case of flare, does not appear to
have substantial long-term consequences for the burden of disease as experienced by
patients.
To date, very few studies have thoroughly examined the longitudinal impact of stopping
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TNFi on patient-reported health-status and symptoms. The double-blind PRESERVE study
showed that after 52 weeks patients maintaining 50 mg etanercept plus methotrexate
treatment had significantly better scores than patients using placebo plus methotrexate
on general health, pain, disability, health utility, sleep, and fatigue

(14)

. Some other, non-

randomized or observational, studies specifically reported the effects of stopping TNFi
on one or more PROs, usually by comparing long-term disability scores in patients who
did and did not successfully discontinue TNFi. The observational RRR study showed that
one-year mean HAQ-DI scores were significantly lower in patients who remained in DAS
remission after stopping infliximab versus those that did not (41). Post-hoc analyses of 104
patients in the BeSt study who discontinued infliximab after achieving stable low disease
activity showed that HAQ-DI scores at 1 and 3 years after discontinuation were similar to
scores at discontinuation in both restarters and patients with sustained low disease activity
(42)

. However, 5 years after discontinuation median disability scores were significantly

increased in restarters. The open-label non-randomized HONOR study did not show a
significant difference in one-year HAQ-DI scores between patients that did and did not
sustain remission after adalimumab discontinuation

(43)

. Another very small observational

study in 21 RA patients did not find significant differences in one-year HAQ-DI scores either
(44)

, although with only 21 analyzed patients this study was likely underpowered for this

purpose.
The POET study is the first large pragmatic trial examining the impact of trying to stop
TNFi on both clinical and patient-reported outcomes in realistic clinical settings. Overall,
the current findings show that stopping TNFi resulted in significantly worse scores on all
patient-reported outcome domains, particularly reflecting pain. However, the magnitude of
differences was generally small and decreased again after 3-6 months. The proportion of
patients experiencing a worsening ≥ the MCID within 3 months was also significantly larger
in the stop group and remained significantly different at 12 months for most outcomes. At 12
months, the proportion of patients in the stop group that experienced an MCID was >50%
on all PROs except mental health status. However, a substantial proportion of patients who
continued TNFi also experienced an MCID, due to either natural disease fluctuations or
measurement error. Like the effect sizes for mean scores, relative risks for experiencing an
MCID steadily decreased for all PROs over time.
In interpreting these findings, it is important to keep in mind that POET was an open label
pragmatic trial in which, after randomization, rheumatologists were free to prescribe and
adjust medications as considered clinically necessary. Consequently, it is not possible to
attribute the differences between groups purely to the effects of stopping TNFi and the
impact on PRO scores may be substantially confounded by other treatment decisions. For
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instance, rheumatologists are likely to have started or increased csDMARDs or NSAIDs in
patients in the stop group with an increase in disease activity but not meeting the DAS28
flare criterion, resulting in an underestimation of impact. Moreover, as the follow-up period
of POET was limited to one year, it is unclear how many patients experienced a disease
relapse after this period. Finally, the POET study only examined the effects of completely
stopping TNFi. Recently, several studies have suggested that TNFi dose reduction may
be more effective in maintaining low disease activity(14,15). This may also translate into less
impact on patient-reported symptoms. For instance, a recent trial on disease activity
guided tapering of adalimumab or etanercept showed that HAQ-DI and EQ-5D scores
remained stable in the dose reduction group and did not differ significantly over time from
patients continuing TNFi (45).
An important strength of the current study is that it included a broad range of PROs,
covering all patient-reported outcome domains as defined by the ACR and WHO/ILAR
core set endpoints for RA clinical trials

(46,47)

, as well as fatigue, which was more recently

endorsed as a symptom important to patients (48). Moreover, well established and validated
measures were used for all domains. For instance, we used the multi-item BRAF-MDQ to
measure fatigue, which has better content validity and measurement precision than more
commonly used single-item measures of fatigue (39).
In summary, a strategy of trying to stop TNFi treatment in patients with stable low disease
activity in daily clinical practice has a negative short-term impact on patient-perceived
symptoms but does not appear to have substantial longer-term consequences for the
burden of disease as experienced by patients.
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SUPPLEMENTARY FILES
Supplementary Table 1. Pearson correlations between DAS28-ESR scores and PRO scores in the
total sample over time
Baseline

3 months

6 months

9 months

12 months

SF-36 PCS

-0.22***

-0.38***

-0.40***

-0.37***

-0.36***

SF-36 MCS

-0.08*

-0.19***

-0.10*

-0.08

-0.10*

SF-36 BP

-0.25***

-0.45***

-0.44***

-0.41***

-0.40***
-0.26***

EQ-5D

-0.18***

-0.34***

-0.34***

-0.28***

HAQ-DI

0.25***

0.34***

0.34***

0.30***

0.31***

BRAF-MDQ

0.16***

0.36***

0.23***

0.24***

0.21***

BP = Bodily pain; BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire; EQ-5D = five-dimensional
EuroQol; HAQ-DI = Health Assessment Questionnaire Disability Index; MCS = mental component summary; PCS =
physical component summary; SF-36 = 36-item short-form health survey.* P<0.05; ** P <0.01; *** P<0.001.

Supplementary Table 2. Estimated mean PRO scores over time
GEE estimated marginal means (95% Wald CI)

SF-36 PCS
Stop
Continue
t-test P
ES (95% CI)

SF-36 MCS
Stop
Continue
t-test P
ES (95% CI)

110

9 months

Group*
time

Baseline

3 months

6 months

12 months

45.6 (44.8 to
46.4)
45.3 (44.2 to
46.3)
0.621
0.03 (-0.11 to
0.18)

43.3 (42.2 to
44.2)
44.8 (43.8 to
45.9)
0.030
-0.15 (-0.30 to
-0.01)

43.1 (42.3 to
44.0)
44.7 (43.6 to
45.8)
0.015
-0.16 (-0.30 to
-0.01)

43.2 (42.3 to
43.6 (42.7
44.0)
to 44.4)
44.6 (43.4 to 44.8 (43.7 to
45.7)
45.9)
0.124
0.101
-0.14 (-0.28 to -0.12 (-0.27
0.00)
to 0.02)

52.0 (51.1 to
52.8)
51.7 (50.4 to
53.0)
0.631
0.03 (-0.12 to
0.17)

50.6 (49.6 to
51.6)
52.5 (51.4 to
53.7)
0.009
-0.17 (-0.32 to
-0.03)

50.6 (49.7 to
51.6)
51.9 (50.7 to
53.0)
0.325
-0.11 (-0.25 to
0.03)

50.6 (49.6 to 51.3 (50.4 to
51.5)
52.2)
51.8 (50.5 to 51.3 (49.9 to
53.1)
52.6)
0.189
0.577
-0.12 (-0.26 to 0.00 (-0.14
0.03)
to 0.15)

P
<0.001

0.003
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Supplementary Table 2 CONTINUED. Estimated mean PRO scores over time
GEE estimated marginal means (95% Wald CI)

SF-36 BP
Stop
Continue
t-test P
ES (95% CI)

EQ-5D
Stop
Continue
t-test P
ES (95% CI)

HAQ-DI
Stop
Continue
t-test P
ES (95% CI)

BRAF-MDQ
Stop
Continue
t-test P
ES (95% CI)

Group*
time

Baseline

3 months

6 months

9 months

12 months

73.9 (72.1 to
75.6)
72.7 (70.2 to
75.2)
0.505
0.06 (-0.09 to
0.20)

63.7 (61.6 to
65.7)
70.6 (68.2 to
73.0)
<0.001
-0.30 (-0.44 to
-0.16)

63.9 (62.0 to
65.9)
69.6 (67.1 to
72.0)
<0.001
-0.25 (-0.40 to
-0.11)

64.3 (62.2 to
65.9)
68.5 (65.9 to
71.2)
0.020
-0.18 (-0.33 to
-0.04)

66.9 (64.9
to 68.9)
68.8 (66.3
to 71.4)
0.221
-0.09 (-0.23
to 0.06)

0.83 (0.82 to
0.85)
0.85 (0.83 to
0.87)
0.287
-0.08 (-0.23 to
0.06)

0.79 (0.77 to
0.80)
0.84 (0.82 to
0.86)
<0.001
-0.24 (-0.39 to
-0.10)

0.79 (0.78 to
0.81)
0.82 (0.80 to
0.84)
0.064
-0.14 (-0.28 to
0.01)

0.81 (0.79 to
0.81 (0.80
0.82)
to 0.83)
0.83 (0.81 to 0.83 (0.81 to
0.85)
0.85)
0.158
0.432
-0.12 (-0.27 to -0.09 (-0.24
0.02)
to 0.11)

0.61 (0.55 to
0.66)
0.59 (0.52 to
0.66)
0.759
0.03 (-0.11 to
0.17)

0.68 (0.62 to
0.73)
0.59 (0.51 to
0.66)
0.024
0.14 (0.00 to
0.28)

0.70 (0.64-0.75)
0.58 (0.51 0.66)
0.013
0.18 (0.04 to
0.33)

0.68 (0.63 0.74)
0.60 (0.52 0.67)
0.063
0.13 (-0.01 to
0.28)

0.69 (0.63 0.74)
0.59 (0.51 0.66)
0.047
0.15 (0.01 to
0.30)

17.2 (15.9 to 18.4) 17.0 (15.8 to 18.1)
15.2 (13.8 to 16.7)
15.8 (14.3 to
0.022
17.3)
0.14 (0.00 to
0.196
0.28)
0.08 (-0.06 to
0.23)

16.9 (15.7 to
18.0)
16.2 (14.7 to
17.6)
0.996
0.05 (-0.09
to 0.20)

16.5 (15.3 to
17.7)
15.8 (14.3 to
17.3)
0.816
0.05 (-0.16
to 0.20)

P
<0.001

0.125

0.013

0.008
14.9 (13.8 to
15.9)
15.5 (14.0 to
17.0)
0.489
-0.05 (-0.19 to
0.09)

BP = Bodily pain; BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire; EQ-5D = five-dimensional EuroQol;
ES = effect size (Cohen’s d); GEE = generalized estimating equation; HAQ-DI = Health Assessment Questionnaire
Disability Index; MCS = mental component summary; PCS = physical component summary; SF-36 = 36-item shortform health survey.
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Supplementary Table 3. Cumulative percentage of patients experiencing a worsening ≥MCID as
compared with baseline
GEE estimated percentage (95% Wald CI)
3 months
SF-36 PCS
Stop
Continue
χ2 test P
RR (95% CI)

SF-36 MCS
Stop
Continue
χ2 test P
RR (95% CI)

SF-36 BP
Stop
Continue
χ2 test P
RR (95% CI)

EQ-5D
Stop
Continue
χ2 test P
RR (95% CI)

HAQ-DI
Stop
Continue
χ2 test P
RR (95% CI)

112

6 months

9 months

Group*
time
12 months

P
0.187

27.6 (23.0 to
43.9 (38.8 to
52.2 (47.1 to 57.3)
55.4 (50.3 to
32.8)
49.2)
31.1 (24.9 to 38.0)
60.4)
15.9 (11.2 to 22.0)
25.6 (19.8 to
<0.001
38.3 (31.6 to 45.5)
<0.001
32.3)
1.69 (1.34 to 2.14)
<0.001
1.97 (1.33 to
<0.001
1.45 (1.19 to 1.77)
2.90)
1.79 (1.36 to 2.36)
0.030
25.4 (21.0 to
30.3)
11.4 (7.4 to 17.2)
<0.001
2.19 (1.40 to 3.44)

38.3 (33.4 to
46.0 (40.9 to 51.1) 49.8 (44.7 to 55.0)
43.4)
36.5 (29.9 to
44.3 (37.3 to 51.5)
26.3 (20.4 to
43.6)
0.113
33.3)
0.019
1.16 (0.96 to 1.40)
0.014
1.28 (1.03 to 1.59)
1.39 (1.06 to 1.82)

49.5 (44.1 to
54.9)
31.3 (24.9 to
38.5)
<0.001
1.65 (1.29 to 2.11)

69.3 (64.4 to
73.8)
45.4 (38.3 to
52.7)
<0.001
1.47 (1.25 to 1.74)

75.8 (71.2 to
79.8)
55.1 (48.0 to
62.0)
<0.001
1.37 (1.19 to 1.57)

80.0 (75.7 to 83.7)
64.0 (57.0 to 70.5)
<0.001
1.25 (1.12 to 1.40)

35.8 (30.8 to 41.1)
22.1 (16.3 to
29.2)
0.001
1.63 (1.19 to 2.23)

50.0 (44.8 to
55.1)
36.9 (30.0 to
44.2)
0.010
1.30 (1.05 to 1.62)

57.3 (52.1 to
62.2)
43.8 (36.7 to
51.0)
<0.001
1.35 (1.12 to 1.62)

62.3 (57.2 to 67.1)
51.8 (44.5 to 58.9)
0.013
1.20 (1.03 to 1.41)

0.282

0.552

0.165
28.6 (24.1 to
43.7 (38.8 to
49.1 (44.1 to 54.1)
54.9 (49.9 to
33.6)
48.8)
32.2 (26.0 to
59.8)
18.7 (13.7 to 25.0) 25.2 (19.5 to 31.9)
39.1)
36.3 (29.8 to 43.4)
0.007
<0.001
<0.001
<0.001
1.58 (1.12 to 2.23) 1.75 (1.33 to 2.29) 1.55 (1.23 to 1.94) 1.48 (1.21 to 1.82)

IMPACT STOPPING TUMOR NECROSIS FACTOR-INHIBITORS OR RHEUMATOID ARTHRITIS PATIENTS’ BURDEN OF DISEASE

Supplementary Table 3 CONTINUED. Cumulative percentage of patients experiencing a worsening
≥MCID as compared with baseline
GEE estimated percentage (95% Wald CI)
3 months
BRAF-MDQ
Stop
Continue
χ2 test P
RR (95% CI)

6 months

9 months

Group*
time
12 months

P
0.708

22.2 (17.8 to
27.3)
13.0 (8.6 to 19.0)
0.003
2.00 (1.24 to
3.22)

37.5 (32.4 to
42.8)
20.8 (15.3 to 27.7)
<0.001
1.86 (1.33 to 2.60)

46.2 (41.0 to
51.5)
27.4 (21.2 to
34.6)
<0.001
1.70 (1.30 to 2.22)

51.1 (45.8 to 56.4)
33.5 (26.8 to
40.9)
<0.001
1.58 (1.25 to 1.99)

BP = Bodily pain; BRAF-MDQ = Bristol RA Fatigue Multidimensional Questionnaire; EQ-5D = five-dimensional
EuroQol; GEE = generalized estimating equation; HAQ-DI = Health Assessment Questionnaire Disability Index; MCS
= mental component summary; PCS = physical component summary; RR = relative risk;SF-36 = 36-item short-form
health survey.

Supplementary Table 4. Patient-reported experience of stopping with TNFi in patients randomized
to the stop group.
Follow-up visit
3 months

6 months

9 months

12 months

Very positive

14.5%

13.0%

12.1%

14.9%

Positive

30.6%

31.5%

27.0%

23.9%

Neither positive nor negative

22.6%

18.5%

20.2%

17.6%

Negative

23.1%

20.9%

25.0%

27.2%

9.1%

12.3%

15.7%

16.4%

Very negative

Supplementary Table 5. Patient-reported experience of stopping with TNFi in patients randomized
to the stop group stratified into restarted or not restarted TNFi.
Restarted at
3 months
No

Yes

Restarted at
6 months

Restarted at
9 months

No

No

Yes

Yes

Restarted at
12 months
No

Yes

Very positive

19.8%

1.8%

18.6%

4.1%

17.1%

4.3%

25.3%

3.7%

Positive

38.8%

10.7%

48.1%

5.4%

41.0%

5.0%

39.7%

6.8%

Neither positive nor negative

25.6%

15.2%

21.2%

14.3%

23.0%

15.8%

21.3%

13.7%

14.7%

43.8%

8.2%

40.8%

12.9%

43.9%

10.9%

44.7%

1.1%

28.6%

3.9%

35.4%

6.0%

30.9%

2.9%

31.1%

Negative
Very negative
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CHAPTER 6

ABSTRACT
OBJECTIVE
To evaluate, from a societal perspective, the incremental cost-effectiveness of withdrawing
tumor necrosis factor inhibitors (TNFis) compared to continuation of these drugs within a
one-year randomized trial among patients with rheumatoid arthritis (RA) having longstanding
stable disease activity or remission.
METHODS
Data were collected from a pragmatic, open label trial. Cost-utility analysis was performed
using the non-parametric bootstrapping method and a cost-effectiveness acceptability
curve was constructed using the net-monetary benefit (NMB) framework, where a
willingness-to-accept threshold (WTA) was defined as the minimal cost saved that a patient
accepted for each quality-adjusted life year (QALY) lost.
RESULTS
531 patients were randomized to the Stop Group and 186 patients to the Continue Group.
Withdrawal of TNFis resulted in more than 60% reduction of the total drug cost, but led to
an increase of about 30% in the other healthcare expenditure. Compared to continuation,
stopping TNFis resulted in a mean yearly cost saving of €7,133 (95% CI, [€6,071, €8,234])
and was associated with a mean loss of QALYs of 0.02 (95% CI, [0.002, 0.040]). Mean
saved cost [95% CI] per QALY lost and per extra flare incurred in the Stop group compared
to the Continuation group was €368,269 [€155,132, €1,675,909] and €17,670 [€13,650,
€22,721], respectively. At a WTA of €98,438 per QALY lost, the probability that stopping
TNFis is cost-effective was 100%.
CONCLUSION
Although an official WTA is not defined, the mean saved cost of €368,269 per QALY lost
seems acceptable in The Netherlands, given existing data on the willingness-to-pay.
KEYWORDS
Rheumatoid arthritis; Anti TNF; Health Economic Evaluations.
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Rheumatoid arthritis (RA) is a progressive, immune-mediated inflammatory disease that
has a prevalence of around 1% in developed countries (1). The disease is characterized
by synovial inflammation and with time may involve articular damage, disability and extraarticular manifestations. Besides its negative impact on the health of individual patients,
RA imposes a significant and increasing economic burden on health-care systems and
societies in the form of healthcare resource utilization and (paid) productivity loss (2).
The main goal in the treatment of RA is to suppress inflammatory activity to control pain
and prevent unfavorable outcomes such as structural damage and functional disability.
Accumulating evidence suggests that optimal clinical outcomes may be achieved if
treatment is started early and adjusted to reach predefined disease activity targets (3, 4).
The subpopulation of patients receiving biological disease modifying anti-rheumatic
drugs (bDMARDs) including tumor necrosis factor inhibitors (TNFis) in this treat-to-target
strategy has increased over time and accounted for up to 20% of the population of RA
patients in various Western healthcare systems (5, 6). Although it is widely believed that the
introduction of bDMARDs has contributed to the overall improved clinical picture of severe
RA, particularly in the methotrexate refractory population (7), their high cost has raised the
question of whether bDMARDs could be discontinued in patients who achieved long-term
stable controlled disease, without negatively affecting their health (8). As healthcare budgets
are limited and money can be spent only once, savings from stopping treatment with
bDMARDs could be used to reinvest in other treatments or increase access to bDMARDs to
a larger proportion of the population of patients with RA. The recently completed Potential
Optimalisation of Expediency and Effectiveness of TNFis (POET) trial aimed to evaluate the
clinical course of patients withdrawn from their TNFis, compared with that of patients who
remained on TNFis (9). The results showed that, patients who were withdrawn from their
TNFis were more than three times as likely to experience a disease flare compared with
patients who continued their TNFis. However, disease control could typically be quickly
regained upon TNFi restart. Although the withdrawal of TNFis is evidently associated with
lower medication costs, this may be offset by higher non-drug related healthcare costs
or by lasting impact on patients’ overall quality of life. From the health economic point of
view, it is currently unclear whether the benefits of discontinuation of TNFis outweighs the
harms. The present study aimed to evaluate, from a societal perspective, the one-year trial
based cost-utility and cost-effectiveness of withdrawing TNFis compared to continuation
of these drugs in RA patients with longstanding stable disease to inform rheumatologists
and patients about balance between savings and health forgone.
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PATIENTS AND METHODS
STUDY DESIGN AND PATIENTS
The study outcomes and design of the POET study (NTR3112) are described in detail
elsewhere (9). Briefly, this pragmatic, open label trial was performed at 47 rheumatology
centers in The Netherlands and included 817 adult patients fulfilling the American College
of Rheumatology 1987 classification criteria for RA who were treated with TNFis for at least
one year. In addition, patients met one of the following criteria: (1) DAS28 < 3.2 for at least
6 months preceding inclusion (n = 627), or (2) perceived by the rheumatologists as having
remission or low disease activity for at least 6 months prior to inclusion, with DAS28 <3.2
at baseline and C-reactive protein level < 10 mg/L at least once in the six-month period
prior to the inclusion (n = 145). Patients were randomized to either Stop group (n = 551)
or Continuation group (n = 286). After inclusion, TNFis were withdrawn in the Stop group
but maintained in the Continuation group. Any other treatment decisions were made by
rheumatologists with their patient and continued unchanged as much as possible in both
groups. The primary outcome of the study was occurrence of disease flares, defined as
DAS28 increase ≥ 0.6 compared to the baseline and the current DAS28 level ≥ 3.2.
FOLLOW-UP PROCEDURES
Patients were assessed at baseline and at least once every 3 months thereafter, for a
period of 1 year. At each visit, components of DAS28, Health Assessment Questionnaire
Disability Index (HAQ-DI)

(10, 11)

and EuroQol 5-dimension 3-level (EQ-5D-3L) questionnaire

(12) were evaluated, laboratory tests conducted, and patient-reported outcomes collected.
Patient reported outcomes included adverse events, days of sick leave and frequencies
of healthcare resource utilization. Restart of a TNFi was allowed when a flare occurred;
for ethical reasons this included cases where patient’s perception of a flare could not be
objectively verified.
HEALTH ECONOMIC OUTCOMES
At each visit, patients answered the EQ-5D-3L questionnaire and reported the frequencies
of healthcare resource utilization and number of days of sick leave (in those with a paid
job) during the past 3 months. The healthcare resource utilization included visits to
rheumatologists and general practitioners, visits to nurse specialists, physiotherapists and
psychologists, numbers of diagnostic and laboratory tests, days in hospital and hours of
formal and informal care.
For each patient, their health utility at 3-month visits was computed using the Dutch tariffs
for EQ-5D-3L (13), and quality-adjusted life years (QALYs) computed as the area under the EQ-
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5D-3L curve. Non-drug direct costs were calculated based on patient reported frequencies
of healthcare resource utilization. The unit costs were retrieved from the Dutch Guideline
for Economic Evaluations in Healthcare. Drug costs were calculated based on the doses of
drug used and the medication prices. Indirect costs of those patients with a paid job were
calculated using the friction-cost method with a 3 month-friction period and based on the
number of hours absent from work and the average wage per hour for each age group
and gender (14). The unit costs and prices published before the current year (2016) were
adjusted to the current year using the consumer price index for the Netherlands (15). Costs
were not discounted because of the short time horizon of 12 months.
STATISTICAL AND COST-EFFECTIVENESS ANALYSES
Between 10% and 15% of observations contained missing values for costs or utilities
(see Supplementary document for details). For the cost-effectiveness analysis, these
were replaced with estimates using multiple imputation (MI) as recommended by the
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) for costeffectiveness analysis alongside clinical trials (16). For each of the 10 imputed data sets,
cost-effectiveness analysis (CEA) was performed using the non-parametric bootstrapping
method

(17)

. Five thousand bootstrap samples were generated, from which the expected

values of costs and QALYs over the one-year follow-up in each treatment group and of the
ratios of incremental cost to incremental QALYs or flares (ICERs) were computed (18). Manca
et al recommended an adjustment of QALYs before calculation of ICERs when there was
an imbalance in the mean baseline health utility between two trial arms (19). Because mean
baseline health utility and other patient characteristics in our study were almost equal
between the Stop and Continuation groups, in the main analyses and presentation of the
results we used QALYs and costs unadjusted for these negligible differences. To examine
the effect of QALYs and costs adjustment on ICERs, we used the regression-based method
proposed by Manca et al (19), in which linear regression models for patient-specific QALYs
and costs were fitted to the observed data with predictors for QALYs being treatment and
baseline health utility, and predictors for costs being treatment, age, sex, disease duration,
DAS28 and HAQ-DI. Then, we used the coefficients for the treatment as the differential
QALYs and costs for the adjustment. We applied a Box-Cox transformation for QALYs and
a log-transformation for costs to meet the assumptions of normal distribution and equal
variance of the error term in the linear models (20). The results were pooled across imputed
datasets using Rubin’s rules

(21)

to take into account the uncertainty introduced by the

missing data. Because the distribution of costs was skewed, the “approximate bootstrap
confidence” (ABC) algorithm (22) was used to estimate the confidence intervals (CIs), instead
of the usual symmetric confidence interval proposed by Rubin

(21)

. For each imputed data

set, a confidence density curve was constructed for each of the outcome variables. The
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10 confidence density curves were then combined by averaging the y-values to obtain
the average density function, based on which the 95% CI was established by determining
the areas under the curve that correspond to 5% and 95% percentiles. For each imputed
data set, a cost-effectiveness acceptability curve (CEAC) was constructed using the netmonetary benefit (NMB) framework (23), where an expected NMB was calculated as the
difference between the willingness-to-accept threshold (WTA) for each QALY lost times
the mean QALYs (

), and the mean cost obtained from each bootstrap replication (

):

. The Consolidated Health Economic

Evaluation Reporting Standards (CHEERS) were followed to report the present study (see
the checklist in the supplemental document).

RESULTS
Baseline characteristics were similar in both groups (Table 1). The majority of the patients
had longstanding, erosive disease and utility scores reasonably close to general population
norms

(24)

. The sample was further characterized by low disease activity at baseline

according to DAS28, as per the inclusion criteria and low disability according to HAQ-DI.
HEALTH OUTCOMES
Mean DAS28 and HAQ-DI scores in the Continuation Group were almost stable over time
(Figure 1), while in the Stop group mean DAS28 score increased from baseline to month 3
and then gradually decreased during the rest of the year, and mean HAQ-DI score slightly
increased over time. Post-hoc analyses revealed significant differences in DAS28 scores
at all follow up visits (p-values < 0.01), except baseline (p-value = 0.27). No significant
difference in HAQ-DI scores between the two groups at any time point was observed.
The percentages of patients with 1 or 2 flares within 12 months was 41.1% and 8.1% in the
Stop Group and 15.4% and 1.4% in the Continuation group. No patients and only 0.6% of
patients had 3 flares in the Continuation and Stop groups, respectively. On average, within
12 months each patient experienced 0.59 flares (95% CI, [0.53, 0.64]) in the Stop group,
and 0.18 (95% CI, [0.13, 0.24]) flares in the Continuation group.
Mean health utility in the Continuation group slightly deteriorated during the first 6 months
and then remained relatively stable during the rest of the year, while that in the Stop group
decreased within the first 3 months and then slightly increased until end of the year (Figure
2). Except for month 3 (p-value = 0.0005), mean health utility was not significantly different
at any time points between the two groups (p-values > 0.05).
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Table 1. Baseline patient characteristics
Characteristic

Stop group (n = 531)

Continuation group (n = 286)

Mean age (SD)

60.1 (11.8)

59.7 (10.6)

Female, no. (%)

362 (68)

188 (66)

Mean disease duration in years (SD)

12.0 (8.8)

11.1 (8.4)

RF positive, no. (%)

238 (67.5)

178 (67.4)

Anti-CCP positive, no. (%)

332 (68.3)

179 (67.8)

Erosive disease, no. (%)

305 (62.8)

152 (57.6)

Mean DAS28 (SD)

1.98 (0.76)

2.05 (0.73)

Mean HAQ (SD)

0.63 (0.59)

0.62 (0.55)

Mean EQ-5D-3L score (SD)

0.83 (0.16)

0.84 (0.13)

Adalimumab

271 (51.1)

129 (45.1)

Etanercept

213 (40.2)

133 (46.5)

Infliximab

25 (4.7)

14 (4.9)

Golilmumab

15 (2.8)

8 (2.8)

Certolizumab

7 (1.2)

2 (0.7)

Patient on a TNF-inhibitor, no (%)

RF = rheumatoid factor; Anti-CCP = anti-cyclic citrullinated peptide antibodies; DAS28 = disease activity score in 28
joints; HAQ= Health Assessment Questionnaire; EQ-5D-3L = five-dimensional 3-level EuroQol; TNF = tumor necrosis
factor-alpha.

Figure 1. Mean DAS28 and HAQ-DI at different points in time during the 1-year follow-up in the
two treatment strategies. The vertical bars represent 95% confidence intervals.
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Figure 2. Mean EQ-5D-3L scores at different points in time during the 1-year follow-up in the two
treatment strategies. The vertical bars represent 95% confidence intervals.

HEALTHCARE, MEDICATION AND SICK LEAVE COSTS AND QALYs
Table 2 shows means and 95% CIs of non-drug healthcare costs, drug costs and sick leave
costs (in Euro) and of QALYs per patient per year in the two treatment strategies. A detailed
overview of healthcare resource utilization in each category at baseline and cumulative
over 1 year as well as the corresponding unit prices is provided in the supplementary
document (Tables S1-S5). Withdrawal of TNFis resulted in more than 60% reduction of the
total drug cost, but led to an increase of about 30% of the other healthcare expenditure.
Sick leave cost in the Stop group was slightly lower than that in the Continuation group,
although the difference between the two groups was insignificant. Since the cost of TNFis
was much larger than the increased expenditure in other cost components, the mean total
cost incurred by each patient per year in the Continuation group (€14,740; 95% CI, [€13,913,
€15,676]) was almost double that in the Stop group (€7,607; 95% CI, [€7000, €8,261]).
Mean QALYs [95% CIs] per patient in the Stop and Continuation groups were 0.79 [0.781,
0.805] and 0.81 [0.799, 0.829], respectively.
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Table 2. Mean costs (in Euro) and QALY [95% CIs] per patient per year in the two treatment
strategies
Stop group

Continuation group

Incremental

Non-drug health care cost

2,122
[1,684, 2,563]

1,663
[1,384, 1,958]

459
[70, 890]

Drug cost

4,894
[4,396 5,402]

12,450
[11,427, 13,472]

-7,556
[-8,547, -6,629]

325
[220, 461]

324
[230, 471]

1
[-98, 121]

4,568
[4,070, 5,067]

12,126
[11,106, 13,145]

-7,558
[-8,534, -6,643]

591
[450, 735]

626
[452, 804]

-35
[-226, 155]

Total cost

7,607
[7,001, 8,261]

14,740
[13,913, 15,676]

-7,133
[-8,234, -6,071]

QALYs

0.79
[0.781, 0.805]

0.81
[0.799, 0.829]

-0.022
[-0.040, -0.002]

csDMARD
TNFi
Sick leave cost

ICER (€ per QALY)

368,269
[155,132, 1,675,909]

csDMARD, conventional synthetic disease-modifying antirheumatic drug; TNFi, tumor necrosis factor inhibitor;
QALYs, quality-adjusted life years; ICER, incremental cost-effectiveness ratio

INCREMENTAL COST-EFFECTIVENESS AND UNCERTAINTY
An average patient in the Stop group may save €7,133 (95% CI, [€6,071, €8,234]) for society,
but would lose 0.022 QALY (95% CI, [0.002, 0.040]) per year and experience 0.41 (95% CI,
[0.33, 0.48]) more flares compared to an average patent in the Continuation group. Mean
saved cost [95% CI] per QALY lost and per extra flare incurred in the Stop group compared
to the Continuation group was €368,269 [€155,132, €1,675,909] and €17,670 [€13,650,
€22,721], respectively. When QALYs and costs were adjusted for differences in baseline
health utility and patient characteristics, mean saved cost [95% CI] per QALY lost in the
Stop group compared to the Continuation group (€371,457 [€156,291, €1,736,887]) was
slightly higher than that when no adjustment was made. Because the difference in mean
sick leave costs between the two groups was very small, mean costs saved [95% CI], from
the healthcare perspective, per QALY lost (€366,642 [€152,396, €1,662,057]) and per flare
increase (€17,587 [€13,575, €22,642]) were similar to those from the societal perspective.
Hereafter, we focused on the outcomes and interpretation from the societal perspective.
The scatter plot of the incremental mean costs and QALYs resulting from 50,000
bootstrapped replications for 10 imputed data sets is provided in Figure 3. All differences
in mean costs were negative. About 1.5% of all data points fell in the south-east quadrant
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(i.e. saved cost with increased QALYs), indicating that the probability that withdrawal of
TNF-inhibitors is cost-effective at any level of WTA is negligible. At WTAs of €330,450 and
€98,438, the probabilities that withdrawal of TNF-inhibitors were cost-effective were 0.5
and 1.0, respectively (Figure 4). If stopping TNFis is considered as the baseline comparator,
it was almost certain that the continuation of TNFis was not cost-effective at a willingnessto-pay (WTP) of €100,000 per QALY gained.

Figure 3. Scatter plot of incremental mean cost against incremental mean QALYs of Stop strategy
compared to Continuation strategy. Each data point was obtained from one bootstrap replication.

Figure 4. Cost-effectiveness acceptability curve for Continuation and Stop strategies.
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DISCUSSION
Our analysis shows that stopping TNFis in RA patients with stable controlled disease
(remission or low disease activity) can save considerable cost but results in a small QALY
loss. At the beginning of this century, TNFis were developed, studied and introduced
to control inflammatory disease activity in patients with RA. Despite increasing budget
impact over the first fifteen years since the introduction of these drugs, evidence on the
possibility to discontinue TNFi in the maintenance phase is still sparse. Therefore, patients
are frequently kept on TNFi indefinitely. Up to now, TNFis have been recommended in
most of the developed countries for management of RA and reimbursed for patients with
persistently high disease activity despite adequate treatment with at least 2 csDMARDs
(25-28)

. These recommendations were predominantly based on evidence on the favorable

cost-effectiveness ratio of TNFi therapy compared to csDMARDs in patients with severe
disease. For instance, a recent systematic literature review on economic aspects of
treatment with TNFis to inform clinical recommendations by the European League Against
Rheumatism (EULAR) showed that the incremental cost of the use of a TNFi after failure
of 2 csDMARDs per QALY gain was less than €60,000 (conversion applied) in 14 out of
18 studies (29). Regardless of the majority of studies with outcomes in favor of the use of
TNFis in this population, concerns continue to be raised about the substantial impact of
therapy with TNFis on the healthcare budgets owing to the high prices of these drugs. For
economic reasons, withdrawal of TNFis has therefore been considered in patients with
sustained low disease activity.
So far, about a dozen studies examining the effects of discontinuing TNFis on clinical
outcomes have been published

(30-35)

. Due to the heterogeneity in study designs,

characteristics of patients, definitions of low disease activity and permission of restarting
TNFis when failure was observed, the results between studies differed remarkably; the
proportions of patients who were free from failure after discontinuation of TNFis ranged
from 0% to 33% at 7 months, and from 13% to 80% at 12 months (31). Despite the fact that high
treatment costs are a frequently cited motivation to conduct such studies, unfortunately
no previous discontinuation studies reported on preference-based health valuation such
as EQ-5D, or healthcare costs which are important to inform health policy decisions. In
the present study, we showed that, except for the first follow-up point after baseline, the
mean health utility did not significantly differ over time between patients in the Stop and
Continuation groups. These results suggest that discontinuing TNFis in patients with
long-term stable disease is a strategy that over the course of 1 year is associated with
considerable saved cost and negligible loss of quality of life. Very similar conclusions
were reached in the DRESS down titration study in which it was found that when using a
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TNFi down titration approach guided by disease activity, an amount of €390,493 could be
saved for each QALY lost compared with continued tight control treatment. Together, these
findings suggest significant potential for disinvestment decisions (i.e. to stop subsidizing
therapies that are not cost-effective) (36). This could potentially free up resources that could
be reallocated to other more cost-effective interventions. One way to do this would be to
look for scope for implementing other more cost-effective interventions on the patients
formerly receiving TNFis, as any improvement in their health status could offset the loss in
QALYs due to discontinuation. Such an approach would avoid having to make trade-offs
involving reducing the health of patients with RA.
While there is no explicit WTA threshold that could be used to judge whether or not TNFis
should be discontinued it is useful to consider the threshold for WTP which is suggested to
be between €20,000 and €73,000 per QALY in the Netherlands (37). The estimated saving
per QALY lost of €368,269 is much higher than the maximal bound of this threshold range,
suggesting that it would be cost-effective to discontinue TNFis in the maintenance phase
while the patients are in a state of low disease activity or remission. Adjustment of QALYs
and costs for differences in baseline health utility and patient characteristics resulted in a
slightly higher saving than the above-mentioned value, which increases the likelihood that
stopping TNFis is cost-effective.
Our study has strengths and weaknesses. It is based on the largest RCT on discontinuing
TNFis in RA patients in stable low disease activity, with high-quality data owing to a strictly
electronic data collection protocol. Generalizability of the results to the overall population
of patients withdrawing from TNFis is probably high, since it was a pragmatic trial with
relatively few inclusion and exclusion criteria were maintained in POET study. We used
advanced methods, i.e. combination of multiple imputation, bootstrap and ABC algorithm,
to capture the uncertainty surrounding the study results. However, our findings on the costeffectiveness of stopping TNFis are valid only for an intervention duration of 12 months.
Studies on the WTA thresholds in patients with RA are important to support decision
making. Since patients with different disease durations and numbers of failed TNFis may
respond differently to the discontinuation of the current TNFi, more research of response
to discontinuation is needed.
In conclusion, stopping TNFis in RA patients with stable low disease activity, on average,
was associated with a cost saving of €7,133, a loss of 0.022 QALY and an increase of
0.41 flares per patient per year. Although an official WTA threshold is not available, the
mean saved cost of €368,269 per QALY lost we found would be cost-effective in The
Netherlands, given existing data on the WTP and the WTA/WTP ratio. If the WTA threshold
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is €100,000, the probability that stopping TNFis is cost-effective is approximately 1.
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Figure S1. Proportion of all observations containing missing data in each variable and pattern of
missing data in the Continuation group
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Figure S2. Proportion of all observations containing missing data in each variable and pattern of
missing data in the Stop group
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Figure S3. Density of observed data (blue line) versus densities of 10 sets of imputed data (red
lines) in each variable in the Continuation group.

Figure S4. Density of observed data (blue line) versus densities of 10 sets of imputed data (red
lines) in each variable in the Stop group
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ABSTRACT
Objective
To evaluate and compare the utilityof commonly used outcome measures for assessing
disease exacerbation or flare in patients with rheumatoid arthritis (RA).
Methods
Data of the Dutch Potential Optimalisation of (Expediency) and Effectiveness of Tumor
necrosis factor alpha-blockers (POET) study in which 462 patients discontinued their
tumor necrosis factor alpha inhibitor was used. The ability of different measures to
discriminate between those with and without physician-reported flare or medication
escalation at the three months visit (T2) was evaluated by calculating effect size statistics
(ES). Responsiveness to increased disease activity was compared between measures
by standardizing changescores (SCS) from baseline to the 3 months visit. Finally the
incremental validity of individual outcome measures beyond the SimplifiedDisease Activity
Score was evaluated using logistic regression analysis.
Results
SCS were greater for disease activity indices than for any of the individual measures.
The DAS28, CDAI and SDAI performed similarly. Pain and physician and patient global
assessment of disease activitywere the most responsive individual measures.Similar
results were obtained for discriminative ability, with greatest ES for disease activity
indices followed by pain and patient- and physician global. Pain was the only measure to
demonstrate incremental validity beyond SDAI in predicting 3 months flare status.
Conclusion
These results support the use of composite disease activity indices, patient-reported
pain and disease activity & physician-reported disease activity for measuring disease
exacerbation or identifying flares of RA. Physical function, acute phase response and the
auxiliary measures fatigue, participation and emotional wellbeing performed poorly.
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Disease activity cannotbe directly measured in rheumatoid arthritis (RA), due to the absence
of a gold standardmeasure of the inflammatory process of the disease. Consequently,
numerous standardized measures of various symptoms and signs of the disease and
measures of global disease impact have been proposed and validated over time to assess
beneficial effects of treatment. Early clinical trials in this field were characterized by many
different outcome measures and results were frequently difficult to compare (1). To address
this, a set of seven outcome domains was formally recommended independently by the
American College of Rheumatology and the World Health Organization/International League
against Rheumatism a few decades ago (2,3). Further efforts to standardize outcomes across
studies have led to the subsequent development and validation of several composite
disease activity indices. Each of these combines a number of the endorsed outcomes
to produce anoveralldisease activity score (4–6). Responsiveness and discriminative ability
are key properties of such measures and the performance of commonly used disease
activity indices as well as individual core set measures in detecting treatment effects
and discriminating between different levels of achieved therapeutic responsehave been
extensively described in previous studies (7–14).
While these previous studies have provided a great deal of insight into which of the
commonly applied instruments are most suitable for measuring treatment benefits in RA,
not much is known about their performance when assessing exacerbation of disease
activity or flares. This is of importance however, because the occurrence of flares or disease
worsening are increasingly adopted asendpoints of clinical trials

(15)

. Moreover there is

a widely felt need for instruments that can be used to monitor disease exacerbation in
clinical practice (16).
Recently it has been proposed by the OMERACT flare working group thatflare of RA
represents any worsening of disease activity that would, if persistent, in most cases lead
to initiation or change of therapy; and a flare represents a cluster of symptoms of sufficient
duration and intensity to require initiation, change, or increase in therapy

(17)

. Moreover,

several consensus based initiatives have endorsed an extended set of outcomes for the
assessment of flares intended to comprehensively cover the experience from the patient’s
perspective (18,19). However, a factor to consider besides the relevance of outcome domains
according to experts and patientsis that the assessment of flares or disease worsening
should proceed using measurement instruments that are optimally valid and reliable for
this purpose, in order to minimize flare status misclassifications (i.e. false positives and
false negatives) and non-optimal sensitivity to changedue torandom and systematic
measurement errors.
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In the present study we compared the relative efficiency of a series of clinical and patientreported measures using data of the Dutch Potential Optimalisation of (Expediency) and
Effectiveness of TNF-blockers (POET)study, in order to identify measurement instruments
and outcome domains that most reliably assess disease exacerbation. The primary
objective of the present post-hoc study was to compare the performance of commonly
used disease activity measures and indices, as well as recently endorsed patient-reported
outcome domains in assessing disease activity worsening. A secondary objectiveof the
present study was to evaluate the incremental validity of individual outcomes over the
traditionaldisease activity indices.

METHODS
POET STUDY
POET was an open-label pragmatic randomized controlled trial conducted at 47
rheumatology departments in the Netherlands.To be eligible for the study, patients
had to: be 18 years of age or older, meet the American College of Rheumatology1987
revised criteria for the classification of RA (20), have been treated for at least one year
with concomitant tumor necrosis factor alpha inhibitor and conventional synthetic disease
modifying anti-rheumatic drugs (DMARD) and be in remission or stable low disease activity
for at least six months, defined as either a Disease Activity Score in 28-joints (DAS28)

(21)

<3.2 measured at least twice, or the rheumatologists’ clinical impression of remission or
stable low disease activity in combination with at least one CRP level <10 mg/L in the six
months prior to inclusion. There were no exclusion criteria. Study inclusion took place from
March 2012 to March 2014. The study was approved by the Institutional Ethical Review
Boards of all participating hospitals (Grant/Aware number 40-00506-98-12001). Written
informed consent forms were obtained from each patient upon study entry. The study
was conducted in adherence to the Good Clinical Practice guidelines and with regulatory
requirements consistent with the Declaration of Helsinki. The study is registered in the
Netherlands Trial Register, number NTR3112.
MEASUREMENTS
Baseline characteristics included: age, sex, disease duration, medication use, and
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibody status.
Patients were evaluated at baseline and at least once every three months thereafter up to 1
year by the attending rheumatologist and rheumatology nurse, in accordance with current
Dutch treatment guidelines for RA. Clinical measurements which are part of standard
rheumatology care were performed at every visit and included the tender joint count in
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28 joints, the swollen joint count in 28 joints, the erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP) and physician and patient global assessment on a 0-100 visual
analog scale (VAS). Additionally, physician-reported flares and changes in medication were
recorded at each scheduled or unscheduled visit.
The following patient reported outcomes were also administered at each study visit. Fatigue
was assessed using the Bristol RA Fatigue Multi-Dimensional Questionnaire and 0-10
numerical rating scales assessing fatigue severity and effect of fatigue on daily functioning.
Patient reported wellbeing, disease activity and pain were assessed using 0-100 VAS. The
Health Assessment Questionnaire disability index (HAQ-DI) was administered to evaluate
disability. Finally the SF-36 was administered to assess health-related quality of life. We
used the role physical, role emotional and social functioning scale to assess participation.
The bodily pain, physical functioning and vitality scales were used to assess pain, disability
and fatigue, respectively. Clinical disease activity index (CDAI), simplified disease activity
index (SDAI) and DAS28-ESR scores were calculated using their respective standard
scoring algorithms (4).
STATISTICAL ANALYSIS
For this post-hoc analysis, data from 462 patients randomized to stopping TNFi treatment
were used. Standardized effect size (ES) statistics with pooled SDs were obtained to
compare the ability of various measures to discriminate between patients with and
without flare at the 3-months assessment (T2). The first flare anchor we examined was
physician-reported flare at T2. Medication escalation was also evaluated as an anchor of
flare, defined as starting or increasing any biological or non-biological DMARD (including
glucocorticoids) at T2.
Responsiveness was evaluated by comparing standardized change scores (SCS), again
with pooled standard deviation from baseline to T2. The magnitude of ES and SCS was
interpreted according to the guidelines provided by Cohen (i.e. trivial<0.20, small ≥0.20,
moderate ≥0.50 and large ≥0.80)

(22)

. The utility of individual measures to predict flare

status at T2 was investigated next using univariable logistic regression analysis. For each
domain, the outcome measure with the largest ES in the analysis of discriminant validity
was selected to represent that domain. Predictive strength was quantified usingR2, as an
effect size estimator. Guidelines for interpreting R2 were again derived from Cohen: small
≥0.01, moderate ≥0.09 and large ≥0.20

(22)

. The incremental validity of outcome domains

not included in the SDAI was evaluated using multivariable hierarchical logistic regression
analysis with flare status at T2 as the dependent variable. CDAI was entered as a first block
and individual outcome measures were entered as a second block. Incremental validity
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was evaluated using ΔR2.
Multiple imputation by chained equationswas performed to replace missing values. The
imputation modelincluded the dependent variable; physician-reportedflare status (yes/
no),the evaluated outcome measures as well as age, follow up time and total number
of flares during the total study period. 20 datasets with imputed plausible values were
obtained, with 200 iterations between data sets. Rubin’s rules were employed to obtain
pooled parameter estimates and their associated standard errors. Pooled analyses will be
reported throughout thepaper.

RESULTS
Baseline characteristics are presented in table 1. The sample was characterized by
established disease, with high disease duration, and 62% of patients with erosive disease.
In accordance with the inclusion criteria, disease activity according to DAS28 was low at
baseline, as was physical disability according to HAQ-DI.
Table 1. Patient characteristics
Stop group (N=462)
Age in years (SD)

59.5 (10.5)

Disease duration in years

12.0 (8.9)

Sex, N (%) female

181 (66%)

DAS28 (SD)

1.90 (0.8)

HAQ-DI (SD)

0.6 (0.6)

Erosive disease N (%)

294 (62.6%)

Rheumafactor positive N (%)

316 (67.2%)

DAS28 = 28 joint-Disease Activity Score; HAQ-DI = Health Assessment Questionnaire Disability Index

DISCRIMINANT VALIDITY
While 39.4% of patients had a medication escalation at T2, only 18.7% of patients were
reported to have a clinical flare at T2 by their rheumatologist. A consistently greater
contrast in scores (i.e. ES of greater magnitude) was observed for clinical flare compared
with medication escalationacross all measures. The clinical composite scores performed
best and interchangeably, followed by pain and physician global assessment. Bodily pain
assessed using the SF-36 was consistently the best performing individual measure with
ES of moderate magnitude, followed by physician global assessment and patient global
assessment of disease activity and wellbeing. Measures of physical aspects of patient
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reported health and fatigue had ES of small to moderate magnitude. Measures of emotional
wellbeing consistently had ES of trivial magnitude (Figure 1).

Figure 1. Discriminative ability
Bar charts represent Effect size statistics DAS28 = 28 joint-Disease Activity Score; ESR =erythrocyte sedimentation
rate; CDAI = Clinical Disease Activity index; SDAI = SimplifiedDisease Activity index; SF-36 =Short Form Health Survey
36; HAQ-DI = Health Assessment Questionnaire Disability Index ; VAS = Visual Analogue Scale; CRP = C-reactive
protein; NRS = Numerical Rating Scale; BRAF = Bristol RA Fatigue Scale.
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Figure 2. Standardized change scores in POET stop group
Bar charts represent Effect size statistics DAS28 = 28 joint-Disease Activity Score; ESR =erythrocyte sedimentation
rate; CDAI = Clinical Disease Activity index; SDAI = SimplifiedDisease Activity index; SF-36 =Short Form Health Survey
36; HAQ-DI = Health Assessment Questionnaire Disability Index ; VAS = Visual Analogue Scale; CRP = C-reactive
protein; NRS = Numerical Rating Scale; BRAF = Bristol RA Fatigue Scale.

RESPONSIVENESS
A moderate increase in disease activity according to all three disease activity indices
(SCS≈0.50) was observed for the stop group. Individual DAS28 components showed SCS
of trivial (ESR) to small magnitude (TJC, SJC & wellbeing). Physician global assessment of
disease activity was the only individual measure with SCS of moderate magnitude. Patient
assessment of disease activity and both measures of pain had SCS of small magnitude, but
outperformed each of the individual DAS28 components, while the SF-36 vitality and social
function scales had SCS of small magnitude and smaller than the DAS28 components.
Each of the remaining measures hada SCS of trivial magnitude (Figure 2).
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INCREMENTAL VALIDITY
In univariable analysis, all outcomes except emotional wellbeing were significantly
associated with clinical flare status and all outcomes except emotional wellbeing and fatigue
were significantly associated with medication escalation at T2. Of the measures included
in SDAI, CRP was consistently most weakly associated with flare status in univariable
analysis, while Physician Global performed best. Of the measures not included in SDAI,
Pain was consistently most strongly associated with 3 months. Pain and physician global
assessment were performed best overall. According to the analysisin the binary logistic
regression models with only SDAI,R2 was of small magnitude for medication escalation
(R2=0.09) and large magnitude (R2=0.26) for clinical flare. In table 2 it can be seen that only
pain contributed significantly to the classificationof flare status beyond the SDAI. However
the magnitude of its independenteffect was small.

Table 2. Univariable and multivariable predictors of flare status
Clinical flare (18.7%)
Univariable

SDAI corrected

SDAI

Univariable

Medication escalation (39.4%)
SDAI corrected

p

R2

p

Δ R2

p

<0.01

0.26

n/a

n/a

<0.01 0.08

R2

p

Δ R2

n/a

n/a

CORE SET MEASURES
Swollen joint count

<0.01

0.14

n/a

n/a

<0.01 0.05

n/a

n/a

Patient global disease activity

<0.01

0.15

n/a

n/a

<0.01 0.04

n/a

n/a

Physician global disease activity

<0.01

0.19

n/a

n/a

<0.01 0.06

n/a

n/a

CRP

<0.01

0.05

n/a

n/a

0.01

n/a

n/a

Pain

<0.01

0.18

<0.01

0.03

<0.01 0.09

0.03

0.01

0.03

Physical function

<0.01

0.07

0.21

0.00

0.01

0.38

0.00

0.03

AUXILIARY MEASURES
Participation

<0.01

0.05

0.14

0.00

0.04

0.01

0.39

0.00

Fatigue

<0.01

0.03

0.21

0.00

0.27

0.00

0.68

0.00

Emotional wellbeing

0.17

0.00

0.73

0.00

0.99

0.00

0.49

0.00
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DISCUSSION
In the present study, the performance for assessing disease exacerbation was compared
between several validated disease activity indices and individual measures that either
assess one of the core set variables or one of thepatient-reported outcome domains that
have recently been proposed as outcomes for the assessment of flare in RA.
Overall, the composite disease activity indices outperformed individual measures across the
various comparisons. This was unsurprising since standardized change scores of individual
measures are affected more by measurement error compared with composite scores,
sincerandom error tends to cancel itself out when information from multiple measures is
combined. Nevertheless, the disease activity indices proved to be noticeably more efficient
indicators of disease exacerbation, compared with most individual measures which further
supports the practice of usingcomposite tools for assessing disease activity in RA.
Interestingly, despite their different constituent measures and scoring protocols, the CDAI,
SDAI and DAS28 performe dequivalently as measures of disease exacerbation in the
present study. Similar sensitivity to improvement was observed as wellfor these three tools
in two previous studies (23,24) and no clear differences in other measurement properties
were observed in a comparative systematic review

(25)

. When measuring disease activity

exacerbations, it seems therefore that the main advantages of DAS28 are that that it has
most frequently been used in previous studies, providing a richer frame of reference for
the interpretation of study outcomes against historical results and that it is currently the
only clinical composite score for which validated flare criteria are available (26). However,
scoring ismore complex than for SDAI and CDAI due to differential weighting of individual
components. Importantly also, acute-phase reactants were shown in this study to provide
little additional information on disease activity exacerbation and were among the weakest
univariable predictors of flare status. Since there is usually a delay in the availability of
laboratory results, the inclusion of acute phase reactants inboth the SDAI and DAS28may
create a logistical barrier to obtaining disease activity scores in real time, for apparently
redundant information from a statistical point of view.
Physician and patient global assessment of disease activity and pain assessed using
eithervisual analogue scale or the SF-36 bodily pain scale were the most sensitive
individual measures of increased disease activity in the POET study. It is worth mentioning
that changes in the amount of pain a patient reports was more predictive than other
variables measured in this study of treatment decisions (medication escalation) and
physician-reported flare. Pain intensity was alsothe only outcome domain that provided
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unique information beyond the information provided by the SDAI in the analysis of
incremental validity, even though pain is indirectly represented in both the tender joint
count and, very likely, patient global, which were both controlled for in the analysis.
Previous studies have repeatedly established that pain is the most importanttreatment
priority for patients, throughout the disease course (27). These results suggest thatmore
comprehensive evaluation of overall disease status of a patient could be obtained using a
clinical composite score that includes pain.
The overall performance ranking of specific measures in our study corresponds largely to
that observed in previous studies that have compared the ability of different measures to
assess disease improvement. Only the poor performance of physical function contrasts
with previous studies where it hasconsistently been foundto be one of the best performing
indicators of treatment benefits (7–12) and increased disease activity in an observational
study

(28)

. These contrasting results arelikely explained bythe high average disease

duration and the high prevalence of patients with erosive disease at baseline in POET,
which previous studies have found to be associated with decreased responsiveness
when measuring physical function in patients with RA (29). It is commonly believed that
while inflammatory disease activity is the most important determinant of physical function
in RA, later in the disease course structural damage increasingly contributes to disability,
effectively lowering the ceiling on the amount of improvement that can be realized (30).
Our results provide further support for this notion and suggest that inferences regarding
disease exacerbations from (lack of) change in physical function scores should be made
with caution in populations with longstanding disease.
Little evidence was found in the present study to support an extended set of outcomes for
measuring flares. PRO’s other than pain and patient global assessment were found to be
weakly sensitive to disease flareand did not provide incremental information above and
beyond the SDAI when predicting flare status. These results suggest that the addition of
fatigue, emotional well being or participation to a composite score may not contribute much
to its reliability or predictive validity for measuring flares or exacerbated disease. Previous
studies also found limited responsiveness for measures of participation and emotional
wellbeing, while the performance of fatigue has been mixed (6-11). An explanation for this
may be that participation restrictions and emotional wellbeing are complex, integrated
domains that may be determined by disease activity as well as comorbidities, and personal
and environmental factors.
Strong points of this study arethat the POETstudy was designed to evaluate exacerbation
of RA resulting from TNFi discontinuation in patients with longstanding stable low disease
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activity and that physician-rated flares were assessed per protocol, while previous studies
are post-hoc analyses of subsets of deteriorated patients from studies originally designed
to evaluate patients expected to improve (e.g. clinical trials) or remain stable (observational
studies) (28,31–34). A limitation of the study is that there was relatively sparse variability of
scores for some measures (e.g. swollen joint count) due to the homogenous, low level of
disease activity at start of the study. Different results might have been achieved in patients
with more severe disease at baseline. However, practical measurement settings in which
disease worsening is to be assessed, most likely involve patients starting in a state of low
disease activity (e.g. tapering of medication in daily clinical practice or clinical trials).
In summary, the results of this study support the use of traditional disease activity measures
and composite indices for assessing flare or disease exacerbation. Pain and physicianand patient-reported global assessment of disease activity were the best performing
individual measures, while the composite DAS28, CDAI and SDAI performed equivalently
as measures of exacerbation. Patient-reported measures assessing the domains of
participation, fatigue and emotional functioning performed worst.Based on these findings
we recommend that assessment of disease flares should proceed using, preferably
combined, core set measures, particularly pain intensity.
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CHAPTER 8

With the turn of the centurty, the treatment of patients with Rheumatoid Arthritis (RA)
started to change from care to a situation where cure has become a realistic option.
Basis for this change is the development and introduction of inhibitors of Tumor Necrosis
Factor (TNFi) and other targets thereafter. In hind sight, the efficacy of these new class of
pharmacological agents: referred to as biologicals, proofed to be better than expected,
changing the perspective of many RA patients and patients suffering from other autoimmune diseases. Typically during the development and introduction of TNFi the attention
was focused on efficacy and safety. Drug tapering or even more stopping, in case of
favorable efficacy, was not on our minds, The paradigm that auto-immune diseases, like
RA, are chronic conditions that need live long treatments, and in best cases progression
could be retarded, continued to dominate the thinking of healthprofessionals and patients.
We were confronted with the need to stop or discontinue TNFi, in cases where the anticipate
increased risk for infections became reality (1). Guidelines to decrease the infectious risk
related to the inhibition of TNF were developed and successfully implemented (biobadaser
TNF en TBC) (2). Although scarcely evaluated, stopping TNFi in case of infection or increased
risk for infection (elective surgery) the clinical impression was that flares occurred following
stopping where restarting TNFi resulted in quick regained response (3).
Studies on remission induction (4), later referred to as treating to the target of remission
(t2T) (5), was a direct consequence of the impressive clincal efficacy of the introduction on
biologicals ic TNFi. The high percentage of RA patients in real life studies, that were able to
reach stable remission by using the therapeutic options in combination with the increasing
drug costs and concern on lifelong treatments paved the way for studies on drug tapering
or stopping TNFi in case of excellent clinical response (remission of low disease activity).
Although scientific arguments, like immunogenicity (6) against drug tapering outweigh the
arguments against immediate stopping, psychological arguments form patients as well as
health professionals lead the majority of studies started with drug tapering strategies. The
majority of studies are investigator initiated and for obvious reasons small and subjected
to methodological limitations. The POET study, that is the basis for my thesis, was initiated
by Dutch Rheumatologists and Health Policy Makers. The combined Dutch effort resulted
in one of the largest studies on the subject of dose optimalization of biologicals in RA in
this case by stopping. Although this study also has its limitations ic the open label design
and the pragmatic randomized design, the impressive number of participating patients
enabled us to address not only the primary study question but also to explore additional
questions like mechanisms involved and impact for patients and society.
In the first chapter of my thesis I discussed existing information on stopping and tapering
of biologicals in RA as well as a theoretical framework potentially explaining underlying
mechanisms.
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CHAPTER 2
This chapter is the primary and most important publication of the POET study, it was my
privilege, on behalf of the POET team to show that stopping TNFi is possible in 48% of
RA patients in sustained remission or LDA. However, this strategy results in more than
threefold increase signs and symptoms of increased disease activity (flare) within 12
months as compared to patients who continued TNFi. We also showed that mean disease
activity in the stop group was significantly increased throughout the follow-up period but
in most patients it remained below the threshold for moderate disease activity. With regard
to the fact that different flare definitions are available, we used sensitivity analyses using
other definitions of flare, which showed comparable results. Our results confirm findings of
several, mostly smaller studies:
Preceding studies on stopping TNFi in RA demonstrated a wide range of flare risk of 18-88%.
Difference in results is possibly explained by heterogeneity in RA population, definitions
of flare, disease activity at inclusion, and use of concomitant csDMARDs. RCTs reporting
the results of stopping specific TNFi report the following results. The US Corrona registry
reported that 73.4% of RA patients experienced no flare for more than 12 months after
stopping their first TNFi (7). The EMPIRE trial, PRESERVE trial, and DOSERA study reported
that respectively 57.7%, 42,6% and 13% of RA patients successful stopping etanercept
(8,9,10)

; The OPTIMA trial, HONOR and BRIGHT studies reported that respectively 56%, 58%

and 18%, of RA patients remained in remission or LDA after stopping adalimumab (11,12,13).
Stopping infliximab by Quinn et al, the BeSt study (after falling DMARD) and RRR reported
persistent LDA of remission in 70%, 25% and 50% respectievely (14,15,16). Finaly a small study
on stopping certolizumab pegol reported absence of any success (17).
In our POET study, in case of flare after stopping TNFi, we suggested restarting TNFi. The
observed data show that treatment success could be realized in the majority of patients
(83.1% success after restarting TNFi, most of the time within 12 weeks). Moreover, there
were no notable (serious) adverse events after restarting TNFi.
Finely we noticed more hospitalization in the stop group than continuation group, but
most of them were not related to the stopping TNFi. Reasons for hospitalization that were
observed are infections, elective surgery, malignancies or fractures. We concluded that
stopping TNFi in RA patients and restarting TNFi in case of flare seem to be safe.
In addition to the stopping TNFi, there are multiple stategies for dose reduction also
referred to as dose optimalization. For obvious reasons the variability to do so exceeds the
options for direct stopping like we did in the POET study. The PRESERVA-, DOSERA- and
DRESS study used different strategies to taper than STRASS- en RETRO study (9,10,18,19,20). In
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general these studies showed that less flare occured during dose tapering compared with
stopping TNFi, but overall comparable long term effects for patients were seen.
The POET study only addressed stopping TNFi. Other studies examined the effects of
TNFi dose reduction. Some trials compared etanercept reduction versus stopping or
continuation and concluded that reduced dosing generally resulted in an increased
disease activity and or flares. Although the risk of flares during doses reduction was not
to the extend of immediate stopping, the cumulative risk of al consecutive reductions is
comparable with the flare risk of stopping immediately (21-24). More recently, in the DRESS
study showed that disease activity-guided dose reduction of adalimumab or etanercept
was not inferior to continuation with respect to flares (18), comparable to our findings.

CHAPTER 3
In this chapter we search for predictors for successful discontinuation of TNFi. This chapter
serves the theoretical frame work discussed in chapter one. Our analyses showed that
70% of RA patients in sustained remission or stable LDA, who used a TNFi of the antibody
class, with a relative short disease duration of <10 years and a MBDA score ≤44 were most
likely be able to stop their TNFi without a subsequent flare. In contrast to patients on a TNFi
receptor antagonist, with a disease duration of ≥10 years and a MBDA score >44 who 80%
needed to restart TNFi because of experiencing a flare.
The POET observation that relative short disease duration was related to stopping without
flare was in line with the the study of Kavanaugh et al., it was reported that successful
stopping bDMARDs in RA patients with early disease (25). However Kuiper et al. showed that
early RA patients had no lower flare rate than stablished RA after stopping bDMARDs (26).
The latter might be explained by the small number of patients.
In our study, RF positivity, non-smoking and normal BMI were not found to be predictors
of successful discontinuation. In contrast with the data from Corrona registry and RRR
study who reported these patients characteristics as a predictor for successful TNFi
discontinuation (7,16). A possible explanation for the absence of a relation with RF and aCCP
might be the high percentage of double positive patients in our study.
Also signs and symptoms related to residual disease activity at the time of discontinuation
seems to be a predictor for flare after stopping TNFi (13, 16, 27). the association with a higher
MBDA score at baseline in our POET study is in line with this hypothesis.
We demonstrated that the type of TNFi could be a predictor. Our analyses showed that
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patients using TNF antibodies (mostly adalimumab) were significantly more often able
to successfully discontinue their TNFi than patients who had been using TNF receptor
antagonists (mostly etanercept). TNF antibodies seems to induced prolonged disease
control due to langer half-life, lysing surface TNF expressing blood cells and block TNF
interaction with cell surface TNF receptors. This is in line with the recent publication of M
Hashimoto et al. (28).
Taken the information of the analysis presented in chapter 3 together with the theoretical
framework presented in chapter 1 we found support for a role for the window of opportunity,
residual disease activity and mode of TNF-inhibitor ic antibodies as compared to receptor
antagonist. Obviously these post hoc analysis can not confirm the theory but are in line
with the underlying hypothesis.

CHAPTER 4
The multi-biomarker disease activity (MBDA) blood test measures 12 serum proteins to
produce a score that has been clinically validated as a measure of disease activity in
patients with RA (29-31). MBDA scores have been shown to reflect current clinical disease
activity and changes in disease activity over time, including treatment responses in RA
patients treated with TNFi (32). In this chapter we focused on the MBDA score as a predictor
of flare after discontinuation of TNFi treatment. We used the data from patients who
randomized to the stop group. In this group, the baseline serum samples were available in
majority of patients to measure MBDA scores. We showed that patients with a high MBDA
score at the time of TNFi discontinuation had significantly more flare in follow-up during 12
months. The data suggested that a high MBDA score, although the patient is in remission
or a state of LDA, could be a sign of residual disease activity. Several previous studies
have found elevated MBDA score in RA patients with remission of LDA (33-36). We reported
for the first time, to the best of our knowledge, the value of the MBDA score as a predictor
for flare in RA patients who discontinued TNFi treatment.
Considering the three different predictor criteria for relapse (TNFi restart, medication
escalation, and physician-reported flare), in our study a high MBDA score was an
independent predictor of all three potential predictors but it did not remain associated
when adjusting for all other potential predictors, including DAS28 score.
Although the heterogenicity of the disease rheumatoid arthritis and consequently the
difficulty of assessing disease activity is well known, laboratory based methods like the
MBDA, up to present, are not able to overcome the limitations of composite disease
activity scores. The results of the POET study do confirm that there is a relation between
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RA disease activity and MBDA scores but this weak relation probably does not allow the
costs of the test (37).

CHAPTER 5
Apart from the biomedical perspective of the disease the perspective of the patient is by
intention reflecting the consequences of the disease for the health status of the patient.
Therefore, in the POET study we addressed in addition to the outcomes in the biomedical
perspective the impact for the patient as wells. We demonstrated that stopping TNFi had
a significant but short-term negative impact on patient-reported outcomes (PROs) such as
physical and mental health status, health utility, pain, disability and fatigue.
There are only a few studies in which the effect of stopping TNFi on burden of disease
were analyzed. The randomized controlled trial PRESERVE study showed after 12 months
a better score on general health, pain, disability, health utility, sleep, and fatigue in patients
who continued etanercept plus methotrexate than patients who stopped etanercept and
used methotrexate only

(9)

. In addition, the observational RRR study showed that after

one-year the mean HAQ-DI scores were significantly lower in patients who remained
in remission after stopping infliximab versus those that flared

(16)

. This result was not

supported by OPTIMA – and ADMIRE-studies (11,38). Also the result of the open-label nonrandomized HONOR study did not show a significant difference HAQ-DI scores after one
year adalimumab discontinuation between patients that sustain in remission and patients
who flared (12). In a very small observational study of Brocq et al, in 21 patients, they did not
found significant differences in one-year HAQ-DI scores between stopping of TNFi (39).
In general the negative biomedical effects of stopping TNFi in RA patients seem to be
reflected in unfavorable Patient Reported Outcomes. However in line with the handling
with care design of the different studies the negative outcomes are small and of short
duration not impacting the long-term health of patients trying to stop or tapper their
expensive treatments.

CHAPTER 6
Since drug cost was one of the important arguments for the discussion on stopping
biologicals as a cost analysis of stopping versus continuing TNFi in case of good disease
control ( remission or LDA, as defined by DA28) was almost mandatory. We demonstrated
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that stopping TNFi in this group of RA patients can save cost but comes with a small loss
of QALY. The mean saved cost was €368,269 per QALY lost. We showed that, except for
the first follow-up point after baseline, the mean health utility did not significantly differ
over time between patients in the stop and continuation groups. We suggest that stopping
TNFi in well controlled RA patients comes with considerable costs saved and temporarily
limited loss of quality of life.
In the, also Dutch, tapering study, the authors showed that guided down titration of TNFi
could save €390,493 for each QALY lost (40) remarkably compared with discontinuation of
TNFi in our stop study. In another cost analysis based on the STRASS study, the authors
reported that step-down strategy results in saving 53,417 euros per QALY lost (41). In the
PRESERVE study, in which dose reduction was studied in the case of remission, Kobelt
et al. reported the cost per QALY gained for the half-dose strategy versus stopping
etanercept varies between €14,000 and €29,000, depending on the time frame. The
author suggested that a dose reduction is the most advantageous strategy in patients with
moderate RA, although cost advantage of stopping TNFi was not separately reported (42).
Some studies only reported dug cost saved: Van der Maas et al. reported a mean cost
reduction of 3474 euros per patient due to infliximab tapering (43). A comparable result has
been shown by Murphy et al. in a cohort of 79 patients with rheumatoid arthritis, psoriatic
arthritis, and ankylosing spondylitis. They reported a mean saving of 3800 euros per
patient per year after dose reduction of etanercept or adalimumab (44).

CHAPTER 7
In this chapter we did a post-hoc analyses of data to identify the most reliable measurement
instruments for disease exacerbation. We showed that the composite disease activity
indices, physician and patient global assessment of disease activity and pain could be used
for measuring disease exacerbation and flares in RA. Previous studies have reported pain
as most important treatment priority for patients (45). In other studies the physical function
was found to be one of the best performing indicators of treatment benefits (46-51). So, the
poor performance of physical function in our analyses contrasts with previous studies.
In our analyses the CDAI, SDAI and DAS28 performed equivalently as measures of disease
exacerbation. Similar results were observed for these three scores in two previous studies
(52,53)

. Acute-phase reactants in our study seems to give a little additional information on

disease activity exacerbation.
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We suggested that fatigue, emotional wellbeing or participation to a composite score may
not contribute much to its reliability to predict flare. Previous studies also found limited
responsiveness for participation and emotional wellbeing, But the value of fatigue reported
different (54-59).

CONCLUSION
Because of the potentially risks but especially because of increasing costs of longterm TNFi treatment, it was considered important to investigate whether established RA
patients with sustained well controlled disease activity, defined as DAS28 remission or low
disease activity can safely and effectively stop their therapy with TNFi. The primary study
result is that within 12 months after stopping TNFi compared to those who continued TNFi
experience a threefold increased risk of signs and symptoms of increased disease activity
(flare). Of course stopping antirheumatic therapy in this case TNFi can only be considered
in patients in whom the treatment goal is reached. It does not need to be advocated that In
case treatment goals are not reached treatment escalation is indicated. We do realize that
an intense discussion on the definition of remission is ongoing. Our result support the need
of a definition of remission without residual disease activity, although operationalization in
a global applicable definition remains a challenge beyond the goals of this thesis. The
definition of increased disease activity (flare) differs between studies, we did do sensitivity
analysis using different definition of flare all coming to the same conclusion.
Taking into account that RA is a live long disease discontinuation of successful antirheumatic
therapy remains a risk. Successful stopping of TNFi seems to be possible for a subgroup
of RA patients but comes with an increased risk of flare that in the POET study and other
studies was observed to be manageable. It is important to find out which group of patients
have more risk of flare after discontinuation. We showed that discontinuation of TNFi does
not have long-term consequences for the patients-related outcomes. Finely, Our analysis
shows that stopping TNFis in RA patients with stable controlled disease is cost effective
but results in a small QALY loss.
In conclusion, discontinuation of TNFi in well controlled RA patients is a realistic option
Obviously, the decision to try to stop or taper TNFi must be a shared decision between
rheumatologist and the patient.
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SAMENVATTING EN ALGEMENE BESCHOUWING
Rond de eeuwwisseling begon de behandeling van Reumatoïde Artritis (RA) te veranderen
van zorgen voor de patiënten naar een situatie waarin genezing een reële optie is
geworden voor patiënten. De basis voor deze verandering was de ontwikkeling en
introductie van remmers van Tumor Necrosis Factor (TNFi) en later andere therapeutische
aangrijpingspunten. Achteraf gezien blijkt de effectiviteit van deze nieuwe klasse van
geneesmiddelen, in het algemeen biologicals genoemd, beter dan verwacht, waardoor
de prognose en het perspectief van veel RA patiënten en patiënten die lijden aan
andere auto-immuunziekten verbeterde. Tijdens de ontwikkeling en introductie van TNFi
was de aandacht, begrijpelijk, vooral gefocust op effectiviteit en veiligheid na start van
de behandeling. Verlaging van de dosis, of stoppen van de behandeling, in geval van
gunstige behandelresultaten kreeg nauwelijks aandacht of werd niet overwogen. De
veronderstelling dat auto-immuunziekten zoals RA chronische ziekten zijn, die levenslang
behandeld dienen te worden, en in het beste geval slechts progressie kan worden
afgeremd, bleef de leidende gedachte van zowel professionals als patiënten.
We werden voor het eerst geconfronteerd met de noodzaak om behandeling met TNFi
te stoppen of te onderbreken toen het, weliswaar verwachte, toegenomen risico op
infectie realiteit bleek te zijn (1). Richtlijnen om het infectierisico als gevolg van remming
van TNF te verminderen werden ontwikkeld en succesvol geïmplementeerd (2). Hoewel
nauwelijks onderzocht, bestond de indruk bij behandelaars dat na stoppen van TNFi in
verband met infectie of verhoogd infectierisico (met name geplande operaties), toename
van ziekteactiviteit voorkomt, maar dat hervatten van de behandeling leidde tot snelle
herwonnen respons (3).
Studies naar het induceren van remissie (4), later meestal “treating to the target of remission”
(T2T) genoemd (5), was een direct gevolg van de indrukwekkende klinische effecten van de
introductie van biologicals. Het hoge percentage RA patiënten in studies in de dagelijkse
praktijk bij wie stabiele remissie kon worden bereikt door gebruik te maken van de
therapeutische mogelijkheden, in combinatie met de toegenomen geneesmiddelkosten
en zorgen over levenslange behandeling, bereidde de weg voor studies naar
dosisverlaging of stoppen van TNFi in geval van goede klinische effecten (remissie of
lage ziekte activiteit). Hoewel wetenschappelijke argumenten tegen dosisverlaging, met
name immunogeniciteit

(6)

, sterker zijn dan de argumenten tegen meteen stoppen, zijn

met name psychologische argumenten van patiënten en behandelaars de oorzaak dat
de meerderheid van de gedane studies de focus hebben gelegd op dosisverlaging. De
meeste studies werden gestart op initiatief van de onderzoeker en daarom begrijpelijk van
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geringe omvang en onderhevig aan methodologische beperkingen. De POEET studie, de
basis voor dit proefschrift, was een gecombineerd initiatief van Nederlandse reumatologen
en zorgbeleidmakers. Deze gezamenlijke Nederlandse inspanning heeft geresulteerd in
een van de grootste studies naar doelmatig gebruik van biologicals in RA, in dit geval
door te stoppen. Hoewel ook deze studie beperkingen kent, zoals het open-label en
pragmatische studieontwerp, maakt het indrukwekkende aantal deelnemende patiënten
het mogelijk niet alleen de hoofdvraag van de studie maar ook extra onderzoeksvragen,
zoals de betrokken mechanismen en de invloed op patiënten en de maatschappij, te
onderzoeken.
In het eerste hoofdstuk van dit proefschrift heb ik bestaande informatie over stoppen en
afbouwen van biologicals voor RA besproken in combinatie met een theoretisch schema
voor de mogelijk onderliggende mechanismes.

HOOFDSTUK 2
Dit hoofdstuk is de eerste en meeste belangrijke publicatie van de POEET studie. Het
was mijn eer om, namens het POEET team, te laten zien dat stoppen van TNFi mogelijk
was bij 48% van RA patiënten in stabiele remissie of lage ziekteactiviteit (LDA). Maar de
stopstrategie resulteerde wel in een meer dan drievoudig toegenomen kans op klachten
en verschijnselen van toegenomen ziekteactiviteit (exacerbatie) binnen 12 maanden ten
opzichte van RA patiënten die hun TNFi bleven gebruiken. We hebben ook laten zien
dat de gemiddelde ziekteactiviteit in de stopgroep significant verhoogd was gedurende
de observatieperiode, maar in de meeste patiënten bleef de ziekteactiviteit onder de
grens van matige activiteit. Omdat verschillende definities van exacerbatie in de literatuur
gebruikt worden, hebben we sensitiviteitsanalyses uitgevoerd met verschillende definities,
hetgeen vergelijkbare resultaten aantoonde. De resultaten van onze studie bevestigen in
grote lijnen de bevindingen van eerdere, veelal kleinere studies.
Eerdere TNFi stop studies in RA lieten een brede spreiding (18-88%) zien van het risico op
exacerbatie van ziekteactiviteit. De verschillen in deze resultaten kunnen onder andere
verklaard worden door de heterogeniteit van de RA populaties, verschillende definities
van exacerbatie, (rest) ziekteactiviteit bij inclusie en het parallel gebruik van andere
DMARDs. Gerandomiseerde studies naar het stoppen van specifieke TNFi’s rapporteerden
ook verschillende resultaten. De Amerikaanse “Corrona registry” studie rapporteerde
dat ruim 70% van de RA patiënten gedurende 12 maanden observatie na het stoppen
van een eerste TNFI geen exacerbatie meemaakten (7). De EMPIRE trial, PRESERVE trial,
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en DOSERA studies meldden dat respectievelijk ongeveer 57%, 43% en 13% van de RA
patiënten succesvol konden stoppen met etanercept tijdens de studie (8–10). De OPTIMA
trial, HONOR en BRIGHT studies rapporteerden dat respectievelijk 56%, 58% en 18% van
de RA patiënten in remissie of lage ziekteactiviteit bleven na stoppen van hun TNFi (11–13).
Het stoppen van infliximab werd beschreven in de studie van Quinn et al., de BeSt studie
en de “Remission induction by Remicade in RA” (RRR-studie). De studies rapporteerden
blijvende lage ziekteactiviteit of remissie in respectievelijk 70%, 25% en 50% van de
patiënten. Als laatste rapporteerde een kleine studie over stoppen van certolizumabpegol, in tegenstelling tot de hiervoor genoemde studies, geen positief resultaat (17).
In onze POEET studie werd, in geval van exacerbatie na stoppen van TNFi, geadviseerd
de TNFi te hervatten. De geobserveerde data laten zien dat herbehandeling resulteerde
in succes bij de meeste patiënten (83.1% succes na hervatten TNFi) in de meeste gevallen
binnen 12 weken. Aanvullend werden er geen (ernstige) negatieve gebeurtenissen
geobserveerd na hervatten van TNFi. Tenslotte hebben we geobserveerd dat in de
stopgroep ten opzichte van de continueergroep meer ziekenhuisopnames plaatsvonden,
weliswaar volgens de behandelaar niet gerelateerd aan het stoppen. De redenen voor
opname in een ziekenhuis waren: infecties, geplande operaties, maligniteiten en fracturen.
We zijn tot de conclusie gekomen dat het stoppen van TNFI bij RA patiënten en hervatten
van TNFI in geval van exacerbatie veilig lijkt te zijn.
In aanvulling op het stoppen van TNFi zijn er meerdere strategieën denkbaar voor
verlaging van de dosis. Vanzelfsprekend overschrijdt de variabiliteit hiervoor de opties
voor onmiddellijk stoppen, zoals werd gedaan in de POEET studie. De PRESERVA,
DOSERA en DRESS studies gebruikten een verschillende afbouwstrategie ten opzichte
van de STRASS en de RETRO studie (9,10,18–20). In het algemeen lieten deze studies zien
dat minder exacerbaties optraden tijdens dosisverlagingen in vergelijking met stoppen,
maar op langere termijn zijn de resultaten van dosisreductieschema’s en meteen stoppen
vergelijkbaar. Het risico op exacerbatie tijdens dosisreductie is lager dan dat tijdens
meteen stoppen, maar het cumulatieve risico van alle sequentiële dosisverlagingen is
goed vergelijkbaar met het risico op exacerbaties na volledig stoppen (9,10,21,22). Recent
liet de DRESS studie zien dat ziekteactiviteit-gestuurd dosis verlagen van adalimumab
en etanercept “non-inferior” is met betrekking tot ernstige exacerbaties ten opzichte van
doorgaan van de medicatie (18).
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HOOFDSTUK 3
In dit hoofdstuk gingen we op zoek naar voorspellers voor het succesvol (niet resulterend
in een exacerbatie van ziekteactiviteit) stoppen van TNFi. Dit hoofdstuk helpt de theorie
zoals beschreven in hoofdstuk 1 te begrijpen en verder te vormen. Onze analyse liet zien
dat 70% van de RA patiënten in stabiele remissie of lage ziekteactiviteit die gekenmerkt
werden door het gebruik van een TNFi van de antilichaam subklasse, met een relatief
korte ziekte duur van minder dan 10 jaar en een lage MBDA score van kleiner of gelijk aan
44, in staat waren hun TNFi te stoppen zonder dat een exacerbatie volgde gedurende het
volgende jaar. Daarentegen moest 80% van vergelijkbare RA patiënten die die een TNFi
van de receptor antagonist klasse gebruikte, met een ziekte duur van 10 jaar of langer en
een MBDA score van boven de 44 hun TNFi hervatten vanwege klachten of verschijnselen
wijzend op exacerbatie van hun RA.
De observatie van de POEET studie dat relatief korte ziekteduur gerelateerd is aan het
risico op exacerbaties is in overeenstemming met de studie van Kavanaugh et al., die
meldde dat succesvol stoppen van bDMARDS mogelijk was bij RA patiënten met korte
ziekteduur (23). Kuiper et al., daarentegen, waren niet in staat te laten zien dat de ziekteduur
van RA patiënten gerelateerd was aan het al dan niet kunnen stoppen van de TNFi
behandeling (24). Mogelijk is het negatieve resultaat van deze laatste studie te verklaren
door het beperkte aantal patiënten.
In onze studie waren aanwezigheid van reumafactoren en BMI niet gerelateerd aan het
effect van stoppen van TNFi. In tegenstelling tot de Corrona registry en RRR studies die wel
een relatie vonden tussen deze predictoren en succesvol stoppen van TNFi (7,16). Een mogelijke
verklaring voor de afwezigheid van een relatie met reumafactor en anti-CCP zou het hoge
percentage dubbel positieve patiënten in onze studie kunnen zijn. Klachten of verschijnselen
van resterende ziekteactiviteit ten tijde van het stoppen lijken wel een predictor te zijn van
exacerbatie na het stoppen van TNFi (13,16,25). De associatie met een hoge MBDA score bij
studiestart in onze POEET studie lijkt in overeenstemming met deze hypothese.
We vonden daarnaast dat het type TNFi ook een predictor lijkt te zijn. Onze analyses laten zien
dat patiënten die een TNFi uit de antilichaam klasse (voornamelijk adalimumab) gebruikten
significant vaker succesvol hun TNFi konden stoppen in vergelijking met patiënten die een
TNFi receptor anatagonist (voornamelijk etanercept) gebruikten. TNFi antilichamen lijken een
langdurige ziektecontrole te induceren, mogelijk gerelateerd aan de lange halfwaardetijd,
door inductie van apoptose van TNF bindende of dragende bloedcellen. Onze bevindingen
komen overeen met de recente studie van Hashimoto et al. (26).
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De informatie verkregen in hoofdstuk 3, gecombineerd met de theorie uit hoofdstuk 1,
lijkt steun te geven aan de “window of opportunity’, de rol van resterende smeulende
ziekteactiviteit, en het aangrijpingspunt / mechanisme van de TNFi bij het stoppen van
TNFi. Vanzelfsprekend kunnen deze analyses, die achteraf zijn verricht, niet de theorie
bewijzen maar wel steunen ze de onderliggende hypothesen.

HOOFDSTUK 4
De multi-biomarker disease activity (MBDA) bloedtest maakt gebruik van 12 biomarkers
om een score te berekenen die valide is gebleken als ziekteactiviteitparameter voor RA
patiënten

(27–29)

. MBDA scores reflecteren de actuele ziekteactiviteit en veranderingen

daarvan door de tijd, inclusief effecten van behandelingen met TNFi van RA patiënten
(30)

. In dit vierde hoofdstuk bestudeerden we deze MBDA score als een voorspeller van

exacerbatie na stoppen van TNFi behandeling. We gebruikten de gegevens van de
patiënten die gerandomiseerd waren naar de stopgroep. Van nagenoeg al deze patiënten
waren serum monsters ten tijde van de start van de studie aanwezig om de MBDA test te
doen waardoor de baseline score gebruikt konden worden. We lieten zien dat patiënten
met een relatief hoge MBDA score ten tijde van het stoppen van TNFi, significant vaker
een exacerbatie kregen tijdens de twaalf maanden observatie. De resultaten suggereren
dat een hoge MBDA score, hoewel de patiënten in remissie of lage ziekteactiviteit zijn, een
teken kan zijn van resterende ziekteactiviteit. Verschillende voorgaande studies hebben
verhoogde MBDA scores in RA patiënten in remissie of lage ziekteactiviteit gevonden
(31–34). We konden, naar ons weten, als eerste melden dat de MBDA score voorspellende
waarde heeft voor het risico op exacerbatie na stoppen van TNFi.
Ten aanzien van de drie verschillende definities van exacerbatie in de POEET studie (TNFi
hervatten, medicatie-escalatie en exacerbatie gerapporteerd door de behandelaar), was
een hoge MBDA score voor elke definitie steeds een onafhankelijke voorspeller van
exacerbatie, maar dit bleef niet zo als we corrigeerden voor alle potentiele voorspellers
inclusief de DAS28 scores.
Hoewel de heterogeniteit van RA, en als consequentie daarvan het moeilijk vaststellen
van ziekteactiviteit, goed bekend is, lijken laboratoriummethodes (biomarkers) zoals de
MBDA score niet in staat de beperkingen van samengestelde klinische uitkomstmaten
te verbeteren. De resultaten van de POEET studie bevestigen dat er een relatie bestaat
tussen RA ziekteactiviteit en de MBDA score, maar deze relatie is niet erg sterk en
rechtvaardigt mogelijk niet de kosten van de test (35).
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HOOFDSTUK 5
Naast het biomedische perspectief van de ziekte, is conceptueel het perspectief van de
patiënt de spiegel van de ziekteconsequenties voor de patiënt en diens gezondheidsstatus.
Daarom hebben we in de POEET studie in aanvulling op de biomedische resultaten
ook onderzoek gedaan naar de gevolgen voor de patiënt. We hebben aangetoond dat
stoppen van TNFi een significant maar kortdurend effect heeft op patiënt-gerapporteerde
uitkomstmaten (PROs), zoals de fysieke en geestelijke gezondheidsstatus en
gezondheidsgerelateerde utiliteit, pijn, beperkingen en moeheid.
Slechts enkele andere studies analyseerden het effect van TNFi stoppen op de door de
patiënten ervaren ziektelast. De gerandomiseerde PRESERVE trial liet na 12 maanden
zien dat patiënten die etanercept met methotrexaat bleven gebruiken beter scoorden
ten aanzien van algemene gezondheid, pijn, beperkingen, gezondheidsutiliteiten,
slaap en moeheid in vergelijking met de patiënten die etanercept stopten en alleen
methotrexaat gebruikten (9). Aanvullend liet de observationele RRR studie na 1 jaar zien
dat de gemiddelde fysieke beperkingen (HAQ-DI scores) lager (beter) waren in patiënten
die in remissie bleven na het stoppen van infliximab in vergelijking tot patiënten die een
ziekte-exacerbatie doormaakten na stoppen (16). Dit resultaat werd echter niet gevonden
in de OPTIMA of de ADMIRE studie

(11,36)

. Ook de resultaten van de open-label, niet

gerandomiseerde HONOR studie liet geen verschil zien ten aanzien van HAQ-DI scores
een jaar na stoppen van adalimumab tussen patiënten die in remissie bleven of patiënten
die een exacerbatie kregen (12). In een erg kleine observationele studie van 21 patiënten,
vonden Brocq et al. geen significante verschillen gedurende een jaar ten aanzien van
HAQ-DI scores in patiënten die TNFi stopten (37).
In het algemeen kunnen we concluderen dat de negatieve biomedische effecten van het
stoppen van TNFi in RA patiënten ook te zien zijn in de ongunstigere patiënt-gerapporteerde
uitkomsten. Maar, in overeenstemming met de zorgvuldige zorg ontwerpen van de
verschillende studies, zijn de ongunstigere uitkomsten gering en van korte duur, zonder
noemenswaardige invloed op de lange termijn gezondheid van patiënten die proberen
hun kostbare behandelingen te stoppen of de dosis ervan te verminderen.

HOOFDSTUK 6
Omdat de kosten van geneesmiddelen een van de belangrijke argumenten was in de
discussie over stoppen van biologicals, is een kostenanalyse van stoppen versus
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doorgaan met TNFi behandeling in het geval van goede ziektecontrole (remissie of LDA,
zoals gedefinieerd door de DAS28) vanzelfsprekend relevant. We hebben laten zien dat
stoppen met TNFi in deze groep RA patiënten kosten kan besparen, maar dit betekent
wel dat er een klein verlies optreedt aan gezondheidsutiliteiten, zoals gemeten middels
quality-adjusted life years (QALYs). De gemiddelde bespaarde kosten waren €368.269,per verloren QALY. We lieten zien dat, met uitzondering van het eerste evaluatiemoment
na stoppen, de gemiddelde gezondheidsutiliteit niet significant verschilde gedurende de
studieperiode tussen patiënten die stopten of doorgingen met hun TNFi. De resultaten
suggereren dat stoppen van TNFI in goed gecontroleerde RA patiënten leidt tot aanzienlijke
kostenbesparingen en beperkt en tijdelijk verlies aan gezondheidsgerelateerde kwaliteit
van leven.
In de, ook Nederlandse, DRESS studie (dosis verlagen) lieten de onderzoekers zien dat
gecontroleerde dosisverlaging van TNFi €390.493,- kan besparen voor elke verloren
QALY (38), opvallend vergelijkbaar met stoppen van TNFi in onze POEET stop studie.
In een nadere kostenanalyse gebaseerd op de STRASS studie, rapporteerden de
auteurs dat een dosisverlaging strategie €53.417,- bespaart per verloren QALY (39). In
de PRESERVE studie, eveneens met dosisreductie in geval van remissie als bestudeerde
strategie, melden Kobelt et al.

(40)

een bedrag tussen €14.000,- and €29.000,- per

gewonnen QALY voor de dosis halvering strategie ten opzichte van de volledige stop van
etanercept. De auteurs suggereerden dat een dosisreductie ten opzichte van stoppen de
meest voordelige strategie is voor patiënten met milde RA, hoewel kostenbesparing van
stoppen versus ongewijzigd doorgaan niet separaat gemeld werd (40).
Sommige studie rapporteerden slechts de kosten van bespaarde geneesmiddelen. Van
der Maas et al. rapporteerden een gemiddelde kostenbesparing van €3.474,- per patiënt
ten gunste van dosisverlaging van infliximab (41). Een vergelijkbare studie door Murphy et al.
(42)

in een cohort van 79 patiënten met behalve RA ook artritis psoriatica en ankyloserende

spondylitis rapporteerde een gemiddelde besparing van €3.800,- per patient per jaar ten
gunste van dosisreducties van etanercept of adalimumab (42).

HOOFDSTUK 7
In dit hoofdstuk verrichtten we een zogenaamde post-hoc analyse op de gegevens van
de POEET studie om de meest bruikbare meetmethode vast te stellen voor exacerbatie
van de ziekte. We toonden aan dat de samengestelde ziekteactiviteitsmaten, globale
ziekteactiviteit inschattingen door behandelaar en door patiënt en zelfgerapporteerde
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pijnmaten allen gebruikt kunnen worden voor het meten van toename van ziekteactiviteit
en opvlammingen van ziekte bij RA. Eerdere studies hebben gemeld dat pijn de
belangrijkste prioriteit voor behandeling is voor patiënten (43). In andere studies leek juist
fysiek functioneren een van de beste indicatoren voor positieve behandelresultaten
49)

(44–

. Dus de slechte prestatie van fysiek functioneren in onze studie analyse contrasteert

met voorgaande onderzoek naar verbeteringen in plaats van verslechteringen van RA
ziekteactiviteit.
In onze analyse presteerden de CDAI, SDAI en DAS28 gelijkwaardig als proxy voor
exacerbatie van ziekte activiteit. Vergelijkbare resultaten werden gemeld voor deze
samengestelde scores in twee eerdere studies

(50,51)

. Acute-fase reacties daarentegen

lijken weinig aanvullende waarde te hebben over exacerbatie van ziekteactiviteit. De
resultaten bieden geen steun aan het recent gesuggereerde toevoegen van moeheid,
emotioneel welbevinden of participatie aan een samengestelde maat voor ziekteactiviteit,
omdat geen van deze maten veel bijdraagt aan de voorspelling van een exacerbatie
van de ziekte. Eerdere studies konden ook geen relevante responsiviteit aantonen voor
participatie en emotioneel welbevinden (44–48,52).

CONCLUSIE
Vanwege de potentiele risico’s maar vooral vanwege toenemende kosten van langdurige
TNFi behandeling in groeiende patiëntaantallen, werd het belangrijk gevonden te
onderzoeken of RA patiënten met goed gecontroleerde ziekteactiviteit, gedefinieerd als
DAS28 remissie of lage ziekteactiviteit, veilig en succesvol hun behandeling met TNFI
kunnen onderbreken. Het antwoord op de eerste studievraag is dat TNFi stoppen leidt
tot een drievoudig verhoogd risico op exacerbatie van de ziekteactiviteit gedurende
de studieduur van 12 maanden. Vanzelfsprekend kan het stoppen van anti-reumatische
therapie, in dit geval TNFi behandeling, alleen worden overwogen in patiënten bij wie het
beoogde behandelresultaat is behaald. Het behoeft geen betoogd dat in gevallen waar
het behandelresultaat niet wordt gehaald, intensivering van de behandeling aanbevolen
is. We realiseren ons dat een intensieve discussie over de operationalisatie van de
definitie van remissie voortduurt. Onze studieresultaten ondersteunen de wenselijkheid
van een definitie van remissie enerzijds zonder resterende, smeulende ziekteactiviteit
als de patiënt voldoet aan de definitie, maar anderzijds zonder classificatie van patiënten
zonder ziekteactiviteit als niet in remissie. Hoe dan ook, een wereldwijd bruikbare
operationalisatie van de definitie van remissie blijft een uitdaging die verder reikt dan de
scope van dit proefschrift. Hoewel de definitie van exacerbatie (flare) ook verschilt tussen
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studies, lieten wij zien dat een gevoeligheidsanalyse, gebruikmakende van meerdere
definities van flare, geen invloed had op de conclusie.
Omdat RA een levenslange ziekte is, blijft het onderbreken van een succesvolle
behandeling met anti-reumamedicatie een risico. Succesvol stoppen van TNFi lijkt echter
een optie te zijn voor een subgroep van patiënten, maar betekent ook een risico op ziekte
exacerbaties. Een risico dat in de POEET, en andere studies, gebleken is hanteerbaar te
zijn. Het is belangrijk om van te voren zo goed mogelijk die patiënten te identificeren die
het risico lopen op exacerbatie na stoppen versus hen die dat minder hebben. Wij lieten
zien dat stoppen met TNFi geen langdurige consequenties lijkt te hebben voor uitkomsten
die van belang zijn voor patiënten. Als laatste lieten onze bevindingen zien dat stoppen
van TNFi in RA patiënten die goed onder controle zijn kosteneffectief is, maar resulteert in
een klein verlies van gezondheidsutiliteit.
Concluderend, stoppen met TNFi in goed gecontroleerde RA patiënten is een realistische
optie. Vanzelfsprekend dient het besluit te stoppen met TNFi, of om de dosis te verlagen,
een gezamenlijke beslissing te zijn van de patiënt en de behandelend reumatoloog.
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