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Pharmacological conditioning in the
treatment of recent-onset rheumatoid
arthritis: a randomized controlled trial study
protocol
Meriem Manaï1,2* , Henriët van Middendorp1,2, Dieuwke S. Veldhuijzen1,2, Joy A. van der Pol3,
Tom W. J. Huizinga3 and Andrea W. M. Evers1,2,4

Abstract

Background: In pharmacological conditioning associations are formed between the effects of medication and
contextual factors related to the medication. Pharmacological conditioning with placebo medication can result in
comparable treatment effects and reduced side effects compared to regular treatment in various clinical
populations, and may be applied to achieve enhanced drug effects. In the current study protocol, pharmacological
conditioning is applied to achieve enhanced treatment effects in patients with recent-onset rheumatoid arthritis
(RA). The results from this study broaden the knowledge on the potential of pharmacological conditioning and
provide a potential innovative treatment option to optimize long-term pharmacological treatment effectiveness for
patients with inflammatory conditions, such as recent-onset RA.

Methods: A multicenter, randomized controlled clinical trial is conducted in patients with recent-onset RA. Participants
start on standardized pharmacological treatment for 16 weeks, which consists of methotrexate (MTX) 15mg/week and
a tapered schedule of prednisone 60mg or 30mg. After 4 months, participants in clinical remission (based on the
rheumatologist’s opinion and a targeted score below 1.6 on a 44-joint disease activity score (DAS44)) are randomized
to 1 of 2 groups: (1) the control group (C), which continues with a standardized treatment schedule of MTX 15mg/
week or (2) the pharmacological conditioning group (PC), which receives an MTX treatment schedule in alternating
high and low dosages. In the case of persistent clinical remission after 8 months, treatment is tapered and discontinued
linearly in the C group and variably in the PC group. Both groups receive the same cumulative amount of MTX during
each period. Logistic regression analysis is used to compare the proportion of participants with drug-free clinical
remission after 12months between the C group and the PC group. Secondary outcome measures include clinical
functioning, laboratory assessments, and self-reported measures after each 4-month period up to 18months after
study start.

Discussion: The results from this study broaden the knowledge on the potential of pharmacological conditioning and
provide a potential innovative treatment option to optimize long-term pharmacological treatment effectiveness in
patients with inflammatory conditions, such as recent-onset RA.
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Background
A promising way to enhance pharmacological treatment
effects includes the application of learning mechanisms
[1–3]. An example is pharmacological conditioning,
which is a form of both classical conditioning, whereby
associations are formed between the medication effect
and contextual factors related to the medication, and in-
strumental learning, whereby conscious expectations of
the (positive) drug effects will lead to symptom reduc-
tion [1, 3–7]. Here, the effect of the active drug in the
body is the unconditioned stimulus (UCS) and context-
ual factors including the look, feel, taste, or scent of the
medication, but also the time of day of medication in-
take or the geographical location, can be the conditioned
stimuli (CS). The repeated coupling of the contextual
factors with the intake of an active drug, which is ac-
companied by an unconditioned response (the drug ef-
fect), leads to a learned response, the conditioned
response (CR), which is similar to the unconditioned re-
sponse. After forming these associations, the CS in itself
(e.g., a placebo tablet looking similar to the active medi-
cation) can elicit the CR. A number of studies have
shown that pharmacological conditioning can improve
treatment effects in different clinical conditions [3, 8–
14]. For example, after pharmacological conditioning,
comparable treatment effects and reduced side effects
have been shown after the administration of reduced or
subclinical dosages of active medication combined with
placebo medication in comparison to regular active
medication dosages [8–13]. The formation of associa-
tions between contextual factors and the medicinal effect
is a key factor in this process and occurs mainly auto-
matically after the active medication had its effect on
disease symptoms [3, 15, 16].
Fast and strong learning effects of pharmacological

conditioning with contextual factors have been shown in
continuous reinforcement schedules, wherein active
medication is provided on every occasion of medication
intake [17–19]. In partial or intermittent reinforcement,
wherein active medication is provided on only some
occasions, satiation effects, whereby familiarity with the
association between contextual factors of the active
medication and its pharmacological effects in the body
reduces responsiveness, are significantly smaller than in
continuous reinforcement schedules. In addition, such
schedules are also more resistant to extinction of
pharmacological conditioning effects [17–19], probably

due to the lack of consistent reinforcement during the
learning phase, which makes it difficult to recognize the
transition to the extinction phase [1, 17–19]. Based on this
evidence, an initial continuous reinforcement phar-
macological schedule followed by a partial reinforcement
schedule is considered to be most optimal for pharmaco-
logical conditioning [3, 8]. With an initial continuous
reinforcement schedule, strong associations between con-
textual factors of the active medication and its pharmaco-
logical effects are established fast, while following up with
a partial or intermittent reinforcement schedule, allows
the maintenance and extension of these strong associa-
tions over a longer period of time [8]. Evidence for the po-
tential clinical value of pharmacological conditioning by
using continuous and partial reinforcement schedules is
provided in a study by Ader and colleagues [8], where pa-
tients with psoriasis were conditioned to either continuous
or partial reinforcement schedules or a combination of
these schedules. The strongest learning effect was found
for the combination of an initial continuous reinforcement
schedule, followed by a partial reinforcement schedule.
This combined reinforcement schedule was associated
with significant treatment effects on a reduced dosage of
active medication comparable to the treatment effects of
the full dosage [8]. Although promising results arose from
this and other studies, as of yet, pharmacological condi-
tioning has only been studied in a few clinical populations,
including patients with psoriasis, irritable bowel syn-
drome, Parkinson’s disease, attention deficit hyperactivity
disorder, and multiple sclerosis [8–13]. In order to
broaden the knowledge on the potential of pharmaco-
logical conditioning and generalize the effects to other
clinical populations, we designed a double-blind, random-
ized clinical trial to compare standard treatment to treat-
ment with pharmacological conditioning in a population
of patients diagnosed with recent-onset rheumatoid arth-
ritis (RA).
RA is a chronic inflammatory autoimmune disease and

is characterized by painful and swollen joints, which
could lead to radiological joint damage, severe disability,
and premature mortality [20–22]. First-line treatment of
RA is the use of disease-modifying antirheumatic drugs
(DMARDs). Methotrexate (MTX) is the first-choice
DMARD in the treatment of RA, as it can slow radio-
graphic evidence of disease progression [21, 23]. The
effects of MTX are more robust when combined with
either prednisone or a biological agent [24]. However,
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biological agents come with high economic costs, and,
due to considerable side effects of both MTX and bio-
logical agents, treatment adherence is suboptimal, espe-
cially if medication is taken for a long period of time
[25–28]. The most common side effects of MTX are
gastrointestinal complaints such as weight loss, nausea,
vomiting, stomatitis, diarrhea, and asymptotic elevation
of liver enzymes [29–34]. Recent advances in the field of
RA treatment with DMARDs have indicated that short
and intensive treatment early in the disease can suppress
disease activity, improve physical functioning, prevent
progression of joint damage, and even result in (drug-
free) clinical remission. However, a relatively high per-
centage (approximately 25–40%) of patients do not
reach clinical remission despite this intensive treatment,
while even fewer patients obtain drug-free clinical remis-
sion (approximately 30%) [21]. Also, such intensive
treatment can come with significant side effects and eco-
nomic costs [21, 27, 35–37]. Pharmacological condition-
ing may offer a (partial) solution for these issues.
The aim of this study is to assess whether the addition

of pharmacological conditioning can optimize the effect-
iveness of standard pharmacological treatment in a
population of patients with early RA. In this study, a
pharmacological conditioning schedule is applied,
consisting of a continuous pharmacological treatment
schedule followed by a partial reinforcement schedule
and tapering schedule of an intermittent treatment. It is
expected that this pharmacological conditioning leads to
a higher percentage of participants in drug-free clinical
remission compared to a group that receives standard
pharmacological treatment, while both groups receive
the same cumulative MTX dosage during the entire
study period. Secondary outcome measures include the
percentage of participants achieving clinical remission,
clinician-assessed and participant-assessed clinical func-
tioning (e.g., disease activity), laboratory assessments
(e.g., cytokine levels), and self-report outcomes (e.g.,
health-related quality of life). This study can offer new
therapeutic possibilities in the treatment of diseases that
require long-term pharmacological treatment, such as
inflammatory conditions in RA.

Methods/design
A parallel-group, multicenter, randomized, double-blind,
controlled superiority trial is conducted. Figure 1 shows
the flowchart of the study design. The Standard Protocol
Items: Recommendations for Interventional Trials 2013
(SPIRIT) checklist is presented as Additional file 1.

Patient involvement
The design of the study, priority of the research ques-
tion, feasibility, outcome measures, and methods of re-
cruitment were discussed with patients during sessions

with a patient panel through the department of Rheuma-
tology at the Leiden University Medical Center (LUMC).
Once the trial has been published, participants will be
informed of the main results by means of an information
letter.

Data monitoring
In accordance with the Medical Ethical Committee of
the LUMC, no data monitoring committee is selected as
several independent assessment tools are established to
ensure safety and scientific validity and integrity of the
current trial. First, following clinical practice routines, all
participants are monitored at regular 4-month intervals
by their treating clinician. Therefore, suitable and appro-
priate care for individual participants is monitored and
evaluated at regular intervals. In addition, participants
are encouraged to contact their treating clinician when
disease symptoms worsen or when participants experi-
ence medication side effects. Second, the trial design has
a set period of time, namely 12 months with a follow-up
measurement 4–6 months later, ensuring an adequate
amount of time to investigate the intervention effective-
ness. Third, an independent data manager at Leiden
University assesses various data components at initiation
of the trial, every 6 months thereafter, and after the
close-out visit. These assessments include, but are not
limited to, the inclusion rate and, for the first 3 visits
and for 1–10% of following visits selected at random, the
presence of informed consents, source data verification
(e.g., incidence of clinical remission after 8 months,
questionnaires, and blood samples), and serious adverse
events. Further, the executive researcher performs ran-
dom checks to ensure all informed consents are present.

Study population
Patients with recent-onset RA (according to the
American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) 2010 classifica-
tion criteria) [20] are recruited from the department
of Rheumatology at the LUMC and hospitals in the
Medical Delta vicinity in the Netherlands. Eligibility is
assessed by the patient’s treating clinician according
to specific inclusion and exclusion criteria (Table 1).
An eligible patient is asked to sign an informed con-
sent form after receiving written information about
the study.

Procedures
The study is divided into 4 periods of 4 months (total of
16 months, see Fig. 1 for an overview), based on previ-
ously studied treatment protocols in patients with RA
[21]: period 1 (T1-T2, months 1–4) is the acquisition
phase. After initial screening, participants who are eli-
gible for stable standard pharmacological treatment sign

Manaï et al. Trials           (2020) 21:15 Page 3 of 10



the informed consent form and start on methotrexate
(MTX) (15 mg weekly) and prednisone (60 or 30 mg
daily, tapered to nil in 4 months).
Period 2 (T2-T3, months 5–8) is the conditioning

phase. When the treating clinician judges that partici-
pants have not attained clinical remission after the first
4 months of standard treatment (based on the 44-joint
Disease Activity Score (DAS44), target < 1.6), partici-
pants are no longer eligible and are withdrawn from the
study. In the case of clinical remission, participants are
randomized by the department of Clinical Pharmacology
and Toxicology of the LUMC, to one of two parallel
groups without further stratification. Participants are
randomized by variable block randomization in blocks of
six to ensure numerical equality of the treatment groups
over time [26, 38–41]. With blocks of six, there are 20
possible ways to equally assign participants to a block.
One of these 20 orderings is then randomly selected by
means of a random number generator and used to
assign participants to one of the two groups according
to the specified sequence. The two groups follow differ-
ent treatment schedules: the control (C) group continues
with the standardized treatment dosage of MTX in
which the same dosage (15 mg/week) is administered
each week. The pharmacological conditioning (PC)
group receives an intermittent treatment dosage of MTX
in which a high dose of MTX (25 mg/week) is alternated
with a low dose (5 mg/week), by interspersing active
medication with placebo medication (see “Intervention”).
Participants are randomized by the pharmacy at the
LUMC. All participants are blind to the pharmacological
treatment schedule they receive. Also, all members of
the research team who are in direct contact with the
participants are blind to the group to which participants
are assigned, including the clinicians assessing the pri-
mary outcome, the DAS44 at time point 4 (T4: 12
months after baseline), and the researchers who deliver
the medication every 4 weeks.

Period 3 (T3-T4, months 9–12) is the tapering phase.
Participants who are in clinical remission are tapered off
MTX, with dosages either decreasing linearly in the C
group or variably in the PC group (see “Intervention”).
Participants who are not in clinical remission will

Table 1 Inclusion and exclusion criteria

Inclusion criteria

1 Adult (minimum age of 18 years)

2 Recent-onset RA

3 Fluent in Dutch

4 Able to give informed consent

5. Clinical remission at month 5 after completing the protocolized
pharmacological treatment

Exclusion criteria

1 Previous therapy with MTX

2 DMARD therapy in the last 6 months or for a period of 3 months or
longer, with the exception of anti-malarial drugs

3 Pregnancy or wish to become pregnant during the study, or
childbearing potential without adequate contraception

4 Concomitant treatment with another experimental drug

5 Bone marrow hypoplasia

6 Elevated hepatic enzyme levels (ASAT, ALAT > 3 times normal value)

7 Serum creatinine levels > 150 umol/l or estimated creatinine
clearance of < 75%

8 Uncontrolled diabetes mellitus (according to the clinician)

9 Uncontrolled hypertension (according to the clinician)

10 Alcohol or drug abuse

11 History of infected joint prosthesis within the previous 3 months

12 Serious infections, such as hepatitis, pneumonia, and pyelonephritis
in the previous 3 months

13 Chronic infectious disease, such as chronic renal infection or chronic
chest infection with bronchiectasis or sinusitis

14 History of opportunistic infections, such as herpes zoster, within
previous 2 months

MTX methotrexate, DMARD disease-modifying antirheumatic drug, ASAT
aspartate transaminase, ALAT alanine transaminase, umol micromole,
NYHA New York Heart Association

Fig. 1 Study design over a period of 16 months with time points 1–5 (T1-T5). MTX: methotrexate
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discontinue with the study protocol and treatment is
continued based on an individualized treatment plan
according to their clinician’s best clinical insight and in
agreement with the participant. These participants are
still followed according to the intention-to-treat
principle: if possible and willing, participants do
complete all measurements, but discontinue the pre-
scribed treatment regimen of the trial and are further
treated at the discretion of their clinician. In order to
ensure that any group differences are not due to differ-
ent dosages of active medication during the study
period, both groups receive the same cumulative amount
of MTX over the first 3 periods.
Period 4 (T5, months 12–16) is the follow-up phase:

as participants are tapered off MTX during the previous
period, participants do not receive any medication (or
placebo) during this period. The end of study visit takes
place at the end of this period.

Intervention
Pharmacological conditioning. A combination of con-
tinuous reinforcement in the acquisition phase, followed
by partial reinforcement in the conditioning phase, is ap-
plied in order to allow for optimal conditioned effects
[42–46]. In the acquisition phase, participants are
treated with a weekly dose of 15 mg MTX, starting and
gradually increasing from 7.5 mg MTX. For the first 2
weeks of the acquisition phase, a total of three tablets of
2.5 mg MTX (7.5 mg MTX) are taken. Starting from
week 3 of the acquisition phase, a total of six tablets of
2.5 mg MTX (15mg MTX) are taken. Medication is
taken on the same day, at the same time once a week in
order to form associations between contextual factors of
the medication intake (CS: e.g., geographical location
and time of day of the medication intake, but also the
look and feel of the medication itself) and the effect of
the active medication in the body (UCS). (see Fig. 2 for
an overview). In the conditioning phase, each dose is
delivered in a bottle containing 10 identical tablets, with
the ratio of active medication versus placebo tablets
depending on the MTX dosage, with each MTX tablet
containing 2.5 mg MTX. During the conditioning phase,
the C group receives a weekly bottle containing a total
of 10 tablets with 6 tablets of 2.5 mg MTX and 4 tablets
of identical-looking placebos. In the PC group, a variable
treatment schedule is applied in order to extend the
learned associations between contextual stimuli of the
medication and the drug effect in the body over a longer
period of time. Participants in the PC group are exposed
to weekly high doses of MTX (25 mg; 10 tablets of 2.5
mg MTX), variably interspersed with weekly low doses
of MTX (5 mg: 2 tablets of 2.5 mg MTX and 8 tablets
with identical-looking placebos). The repeated asso-
ciations between the CS and the UCS during the

acquisition phase will enable contextual factors of the
medication intake (CS) to elicit an approximation of the
medication effects in the body (UCS) during the condi-
tioning and tapering phases. The end of the conditioning
phase is marked by more frequent low dosages in the
transition to the tapering phase (see Fig. 2 for an
overview).
During the tapering phase, both groups continue to

receive weekly bottles containing 10 identical tablets to
be taken on the same day, at the same time once a week,
with the ratio of active medication to placebo tablets
depending on the MTX dosage, with each MTX tablet
containing 2.5 mg MTX. The control group is tapered
off linearly in bi-weekly decreases of 2.5 mg MTX (see
Fig. 3 for an overview). In order to maintain the learned
pharmacotherapeutic responses throughout the tapering
period in the PC group, medication is tapered off
variably as well, with larger dosages being interchanged
with lower dosages instead of a linear decrease in active
medication dosage (see Fig. 3 for an overview).

Concomitant medication
All participants receive a folic acid supplement 5 mg/
week to decrease possible MTX side effects. Concomi-
tant therapy with non-steroidal anti-inflammatory drugs
(NSAIDs) and with analgesics including paracetamol
and tramadol is allowed in both treatment groups. The
clinician decides whether a co-intervention is necessary.
All participants who need treatment in violation of the
study protocol during the acquisition phase (months 1–
4) are excluded from the study. Participants who require
treatment in violation of the protocol during months 5–
16 are handled according to intention-to-treat analysis
and no longer receive study medication.

Assessments
Over a time period of 16 months, all participants visit
the hospital every 4months for 5 assessments in total.
At each time point, data are collected by means of a
physical examination (swollen and tender joint count),
laboratory evaluations (e.g., erythrocyte sedimentation
rate (ESR)), and questionnaires (including but not
limited to health-related quality of life). The timing of
assessments aligns with usual care as much as possible.

Outcome measures
The primary outcome measure is the difference in the
percentage of participants who achieve drug-free clinical
remission between the C group and the PC group
following the tapering period (T4: 12 months after the
start of treatment).
Secondary outcomes include differential effects in the

C group and the PC group on clinical measures (e.g.,
clinical remission at T3-T5), laboratory measures (e.g.,
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ESR), and self-reported measures (e.g., health-related
quality of life as measured by the RAND-36 Health Sta-
tus Inventory [47]) at all assessment points (T1-T5).
Also, cost-effectiveness measures are included at T1 to
T5. These measures include the Assessment Productivity
Cost Questionnaire, which assesses the ability of a

person to perform work [48] and the Medical Cost
Questionnaire, which assesses medical costs [49].

Safety monitoring
All adverse events (AEs) are followed until they have
abated or until a stable situation has been reached.

Fig. 3 Pharmacological schedule for the tapering phase. The dosage during this phase is cumulatively the same in both groups. Mg: milligram;
MTX: methotrexate; C group: control group; PC group: pharmacological conditioning group

Fig. 2 Pharmacological schedule for the conditioning phase. The dosage during this phase is cumulatively the same for both groups. Mg:
milligram; MTX: methotrexate; C group: control group; PC group: pharmacological conditioning group
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Serious adverse events (SAEs) are reported within 15
days after the sponsor has first knowledge of the SAE
through the web portal ToetsingOnline to the accredited
Medical Research Ethics Committee that approved the
protocol.

Statistical analysis
Descriptive statistics of relevant variables are calculated
and reported for all data. These include gender, age, and
baseline disease activity scores. For the primary analysis
examining whether the pharmacologically conditioned
(PC) group is superior to the control group (C) in the
percentage of participants on drug-free clinical remis-
sion, a superiority test is performed by means of logistic
regression analysis with drug-free clinical remission
(dichotomous variable, yes/no) as the dependent variable
and group (C group and PC group) as the between-
subjects variable. The difference in proportions allows
for direct comparisons with the Induction therapy with
MTX and Prednisone in Rheumatoid Arthritis Or Very
Early arthritic Disease (IMPROVED) study (ISRCTN
registration number 11916566 and EudraCT number
2006–006186-16), which has shown a 32% drug-free
clinical remission rate in response to a pharmacological
treatment, similar to the C group in the current trial,
which was shown to be the most effective pharmaco-
logical treatment strategy in inducing remission in early
(rheumatoid) arthritis [21]. Thus, the current study can
show whether adding the pharmacological conditioning
intervention to standard pharmacological treatment is
superior to effective standard pharmacological treatment
alone. We expect that adding pharmacological condi-
tioning to standard pharmacological treatment will re-
sult in a higher percentage of patients in drug-free
remission, which is considered to be a relevant clinical
outcome. In the case of outliers, as defined by a stan-
dardized z-score ≥ 3, sensitivity is analyzed in the sample,
excluding the outliers.
In the case of missing data, longitudinal multilevel

analysis is performed whereby missing data are handled
by means of maximum likelihood estimation. Hereby,
missing data are assumed to be missing at random or
missing completely at random. Further, non-inferiority
testing is performed using two analysis sets; the
intention-to-treat (ITT) set, whereby all randomized par-
ticipants are included in the analyses, regardless of
whether or not the protocol was followed, and the per-
protocol analysis set, which excludes participants who
deviate from the protocol. Tests are performed one-
sided with an alpha level of p ≤ 0.05, to determine statis-
tical significance of the results. Finally, results are
reported in accordance with the Consolidated Standards
of Reporting Trials (CONSORT) 2010 guidelines.

Sample size
Sample size calculations were based on the findings of a
study examining pharmacotherapeutic effects in patients
with psoriasis, which applied a conditioning design that
is most similar to the proposed design of the current
study [8]. In this study, for the comparison between the
control group (which is similar to our C group) and the
partial reinforcement group (which is similar to our PC
group), the conditioned pharmacotherapeutic effect had
a Cohen’s d effect size of 0.61, which is equal to an odds
ratio of 3.5 in logistic regression analysis. An a priori
power calculation based on logistic regression analysis
on the percentage of participants who have achieved
drug-free clinical remission (yes/no) at month 12 with
two independent groups (Fisher’s exact test) and based
on the previous proportion of drug-free clinical remis-
sion in the IMPROVED study (32%), a total sample size
of 94 participants with RA (47 per group). Based on this
effect size, and taking into account a potential 25%
drop-out rate, a total sample size of 94 participants with
RA (47 per group) needs to be included at the
randomization stage (T2) in order to achieve power of
β = 0.80 at a significance level of α = 0.05 at month 12
(calculated using Stata Statistical Software: Release 13
and Power Analysis and Sample Size System (PASS) 11,
NCSS). In order to include 94 participants at month 5,
we need to include 188 participants at month 1: based
on a previous study [21] in which 61% of participants
achieved clinical remission at month 5 (participants
received an average of 25 mg MTX and prednisone
during the baseline period), we expect that 50% of par-
ticipants will be able to complete the baseline period
and achieve clinical remission at month 5, as partici-
pants in this study will receive an average of 15 mg
MTX and prednisone.

Discussion
Pharmacological conditioning is increasingly accepted
as a possible promising therapeutic strategy to optimize
treatment outcome, as clinical studies indicate its effect-
iveness in various clinical populations [8–13]. However,
the knowledge of pharmacological conditioning is still
limited due to several difficulties. More specifically, so
far, patient groups under investigation have differed in
their phenotype, making it challenging to assess the
value of an intervention in different disease courses and
understand their underlying mechanisms. Further, trial
outcome measures have mostly used single measure
scores to evaluate the efficacy of an intervention [8–13].
However, in many disorders it is difficult to measure
disease progression with a single score as symptoms may
not only be of a physical nature, but can also include
symptoms such as fatigue and quality of life. Therefore,
a composite score seems to be more appropriate to
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measure the efficacy of interventions [50]. The current
study aims to overcome these challenges in several ways.
First, we set out to define a relatively homogeneous
patient population, namely patients with recent-onset
RA as defined by the ACR/EULAR 2010 classification
criteria who have not received previous MTX therapy or
who have had DMARD therapy in the last 6 months or
for a period of 3 months or longer, with the exception of
anti-malarial drugs. By using this specific sample, poten-
tial (negative) associations with previous therapies are
prevented from being carried over in the current trial.
Second, we have an advanced understanding of the
pathogenesis and phenotype of RA [51–54], which might
allow for better insight into the interaction between
physiological and environmental factors that influence
the immune response. Last, our primary outcome meas-
ure, clinical remission (yes/no), is based on the DAS44,
which is a validated continuous measure that combines
multiple constructs into a quantitative index [55–59]
and allows meaningful comparisons of the results of the
current trial with other clinical trials [59].
Previous studies have focused on achieving similar

treatment effects with a lower dosage of active medica-
tion or even on solely placebo treatment, as compared
to standard treatment [8–13]. In contrast, the aim of the
current study is to enhance current pharmacological
treatment effects to the same dosage of active medica-
tion in a population of patients with recent-onset RA,
and to maintain these enhanced effects for a longer
period of time as compared to standard treatment by
adding pharmacological conditioning to standard treat-
ment. This may not only prevent potential ethical prob-
lems of undertreating patients, potentially leading to
worse functioning or disease progression if proven insuf-
ficiently effective, but also lead to new therapeutic possi-
bilities not only for patients with RA, but also for
patients with other chronic diseases requiring long-term
(intensive) pharmacological treatment [28].
For the first time, the possibility of pharmacological

conditioning is investigated in patients with RA. If this
proof-of-concept study shows that pharmacological con-
ditioning of MTX is effective, it could not only induce
increased treatment effects of a treatment dosage similar
to standard treatment in patients with RA, but the con-
ditioning concept could also be extended to investigate
the possibility of achieving (drug-free) clinical remission
with a lower dosage, as has been done in other clinical
populations [8–13]. A reduction in medication without
the loss of its efficacy may lead to fewer side effects and,
resultantly, increased medication adherence [23]. Better
treatment adherence is directly related to treatment
effectiveness and may therefore result in reduced phys-
ical, financial, and societal costs [3, 8, 60–62]. Since
medication adherence rate estimates in rheumatoid

arthritis vary between 30 and 80%, for example due to
side effects of the medication [23, 61, 63], it is of import-
ance to find new ways to increase these adherence rates.
In conclusion, in the present study design, an innova-

tive strategy of pharmacological conditioning is pro-
posed that can be used in addition to pharmacological
treatment strategies and can optimize the treatment of
chronic (inflammatory) disease. This strategy may be
employed in order to increase the treatment effects with
a comparable cumulative drug dosage over time and
achieve earlier drug-free clinical remission and/or longer
conservation of drug-free clinical remission, reduce side
effects, improve treatment adherence, reduce financial
and societal costs, and may provide proof of principle
for other clinical populations.
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