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Abstract

Background: Polymyalgia rheumatica (PMR) is an inflammatory rheumatic disease affecting people older than 50,
resulting in pain and stiffness of the neck, shoulder, and pelvic girdle. To date, glucocorticoids (GC) remain the
cornerstone of treatment, but these have several drawbacks. Firstly, a large proportion of patients do not achieve
GC-free remission within either the first (over 70%) or second year of treatment (over 50%). Secondly, GC-related
adverse events (AE) occur in up to 65% of patients and can be severe.
The current EULAR/ACR guidelines for PMR recommend early introduction of methotrexate (MTX) as a GC sparing
agent in patients at risk for worse prognosis. However, earlier trials of low to medium quality only studied MTX
dosages of 7.5–10 mg/week with no to modest effect. These doses may be suboptimal as MTX is recommended in
higher doses (25 mg/week) for other inflammatory rheumatic diseases. The exact role, timing, and dose of MTX in
PMR remain unclear, and therefore, our objective is to study the efficacy of MTX 25 mg/week in recently diagnosed
PMR patients.

Methods: We set up a double-blind, randomized, placebo-controlled superiority trial (PMR MODE) to assess the
efficacy of MTX 25 mg/week versus placebo in a 1:1 ratio in 100 recently diagnosed PMR patients according to the
2012 EULAR/ACR criteria. All patients will receive prednisolone 15 mg/day, tapered to 0 mg over the course of 24
weeks. In case of primary non-response or disease relapse, prednisolone dose will be temporarily increased.
Assessments will take place at baseline, 4, 12, 24, 32, and 52 weeks. The primary outcome is the difference in
proportion of patients in GC-free remission at week 52.
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Discussion: No relapsing PMR patients were chosen, since the possible benefits of MTX may not outweigh the risks
at low doses and effect modification may occur. Accelerated tapering was chosen in order to more easily identify a
GC-sparing effect if one exists. A composite endpoint of GC-free remission was chosen as a clinically relevant
endpoint for both patients and rheumatologist and may reduce second order (treatment) effects.

Trial registration: Dutch Trial Registration, NL8366. Registered on 10 February 2020

Keywords: Polymyalgia rheumatica, Early disease, Methotrexate, Glucocorticoid sparing, Randomized controlled trial
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Introduction
Background and rationale {6a}
Polymyalgia rheumatica (PMR) is an inflammatory
rheumatic disease affecting mostly people older than 50
years [1]. Patients generally present with subacute onset
pain and stiffness of the neck, bilateral shoulder, and

pelvic girdle, and elevated acute phase reactants [1–3].
Additionally, 40–50% of patients may report
constitutional symptoms. PMR is closely related to giant
cell arteritis (GCA), a large blood vessel vasculitis (LVV)
occurring in elderly people [1]. The cause of PMR
remains unknown and there is no golden standard for
the diagnosis of PMR [1, 4]. The duration of the disease
can be up to 2–3 years, and during the first year, the
chance of relapse can range up to 20–55% [1, 3, 5, 6].
Untreated PMR leads to a significant reduction in
quality of life (QOL) [5].
To date, glucocorticoids (GC) remain the cornerstone

of treatment of PMR [7]. Several different tapering
regimens exist, but there is no data on which regimen is
optimal, as these have not been adequately investigated
[7]. Firstly, there may be a long treatment duration due
to lack of a true disease-modifying effect; GC-free remis-
sion was achieved in only 27% in a PMR primary care
cohort within the first year of treatment [8] and in only
33–50% of a hospital care cohort of PMR patients after
2 years of treatment [5, 9]. Secondly, GC-related adverse
events (AE) are frequent and have been reported in up
to 65%, dependent on GC dosage [5, 10–12]. Patients
using GCs longer than 2 years are more likely to develop
weight gain, osteoporosis, fractures, metabolic and car-
diovascular side effects as well as infections [5, 10, 11,
13]. Thirdly, studies report relapse percentages of up to
50% [3, 5, 6]. These relapses can disrupt tapering, in-
creasing treatment duration, GC dose, and consequent
GC related AE. This emphasizes the need for GC spar-
ing agents to enhance GC efficacy, shorten treatment
duration, and reduce GC-related side effects.
The efficacy of several disease-modifying antirheu-

matic drugs (DMARD) as GC sparing agents has been
studied but the exact role in PMR remains unclear. To
date, there is no proven efficacy or data is insufficient on
azathioprine, cyclophosphamide, cyclosporin, and dap-
sone [14]. For leflunomide, there are two case series that
showed some promise of efficacy in PMR patients [15,
16]. Of biological DMARD treatment, tocilizumab shows
some promise, although it is associated with high costs
and due to its effect on C-reactive protein (CRP) disease
monitoring might be somewhat impaired [17, 18]. Fur-
thermore, a recent small randomized controlled trial
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(RCT) showed some efficacy of rituximab, although
these results still need to be confirmed in a larger and
longer RCT [19].
The most evidence—three small RCTs—for a GC-

sparing treatment exists for methotrexate (MTX), al-
though the quality of evidence is still low [7, 14, 20–22].
Firstly, the examined doses varied between 7.5 and 10
mg once weekly, and no studies are available on MTX
25–30mg, which is used for other inflammatory rheum-
atic diseases and is clearly more effective [23, 24]. Fur-
thermore, the studies were small, limited by high drop-
out rates, and in some studies open label MTX use. The
results of these studies are also conflicting, as only one
study with 10 mg showed some efficacy by reduced re-
lapse rate and GC-dose [22] and the other two studies
did not show an effect [20, 21].
However, based on this sparse evidence, the current

European League Against Rheumatism / American College
of Rheumatology (EULAR/ACR) recommendations for the
management of PMR advise an early introduction of MTX
in patients with worse prognosis such as in patients prone
to relapse or prolonged GC-therapy, as well as in patients
where GC-related AE are more likely to occur [4, 7, 25]. In
clinical practice, however, MTX is infrequently used, as re-
ported by a national database study of Albrecht et al., who
found that only 19% of patients with PMR received con-
comitant MTX [10]. This curbed use may reflect the uncer-
tainty of the exact role of MTX in PMR, due to the limited
and conflicting evidence. Therefore, further research re-
garding the use of MTX is high on the research agenda of
the 2015 EULAR/ACR guideline for the management of
PMR [7].
In conclusion, evidence on GC-sparing treatment for

PMR patients remains scarce and MTX seems to be a
reasonable candidate to study. We therefore set up a
double-blind placebo controlled trial of MTX 25mg
once weekly in early PMR patients to assess whether
higher dosed MTX, started early, is effective in achieving
GC-free remission and reducing cumulative GC dose in
PMR.

Objectives {7}
The main objective of this study is to determine whether
add-on MTX 25mg/week compared to placebo is more
efficacious in increasing the proportion of recently diag-
nosed PMR patients in GC-free remission after 52 weeks
of treatment. Secondary outcomes are other outcomes
related to disease activity, physical function, health-
related quality of life, and GC- and MTX-related AE, at
different time points in the study.

Trial design {8}
This is an investigator driven, multicenter, double-blind,
randomized, placebo-controlled superiority trial.

Methods: participants, interventions, and
outcomes
Study setting {9}
The study is a multicenter study that will be conducted
in the Sint Maartenskliniek (at the outpatient
rheumatology clinics located in Nijmegen, Woerden,
Boxmeer, Geldrop) and Gelre ziekenhuizen (at the
outpatient rheumatology clinics located in Apeldoorn
and Zutphen) in The Netherlands. Patients will be
recruited over the course of 24 months, but as timely
recruitment may be challenging, we are aiming to
include other centers.

Eligibility criteria {10}
Inclusion criteria
For this study, we will include patients with recently
(within the last 12 weeks) diagnosed PMR according to
the 2012 EULAR/ACR preliminary classification criteria.

Exclusion criteria
Our main exclusion criteria are GC exposure for > 8
weeks; GC treatment with > 30 mg/day, and exposure to
other systemic immunosuppressant treatment other
than GC 3months prior to inclusion in the study. We
chose for a short GC exposure duration since we want
to know the additive effect of MTX given early in the
disease course, and this shorter period also increases
homogeneity of patients. Additionally, we think that a
GC need > 30 mg/day requires considering different
diagnoses. The decision to exclude patients treated with
other DMARDs 3months prior to inclusion is because
we want to be certain that any GC-sparing effect we see
in our study is only due to MTX and not due to carry
over effect from previous treatments. Also, to ensure ad-
equate assessments, we will exclude patients who do not
show willingness to follow study protocol; with an inad-
equate ability to speak, read, or write Dutch; and with
active concomitant GCA or other rheumatic diseases
such as RA, spondyloarthropathies, connective tissue
diseases, drug-induced myopathies, neuropathies, or
other conditions that might interfere with pain or move-
ment evaluation of PMR, or interfere with treatment
choices with respect to GC and DMARDS.

Who will take informed consent? {26a}
The research physician will acquire informed consent in
duplicate and one copy will be given to the patient.
Patients may withdraw their informed consent at any
time.

Additional consent provisions for collection and use of
data {26b}
Separate informed consent is taken for collecting
additional (biobanking) samples when blood is taken,

Marsman et al. Trials          (2022) 23:318 Page 3 of 14



further elaborated upon in SPIRIT header {33}. Separate
approval will be sought for PMR-related research regard-
ing these samples.

Interventions
Explanation for the choice of comparators {6b}
MTX has been noted as a “potential steroid saving” drug
in the treatment of PMR in the EULAR/ACR guidelines
[7]. Furthermore, MTX is the first choice of DMARD in
RA, and one of the most prescribed drugs in comparison
to other DMARDS [23, 24]. Three earlier studies have
compared the effect of MTX with placebo with an
accelerated prednisone scheme, but the MTX dose used
may have been suboptimal [20, 26]. In this study, we
chose oral MTX over subcutaneous MTX for several
reasons. Firstly, in discussion with patients they
indicated a preference for oral MTX as there was a
reluctance against MTX injections. Secondly, the MTX
and placebo capsules are less expensive compared to
subcutaneous injections. Thirdly, efficaciousness of oral
MTX may be non-inferior compared with subcutaneous
MTX with regard to bioavailability and efficacy [27, 28].
Furthermore, oral MTX will be spread out in two doses
over the course of a day in increase bioavailability and
decrease potential AE. In this study, we chose for an ac-
celerated trial and error GC-tapering protocol (of 24
weeks)—which is approximately twice as fast as usual
care— for several reasons. Firstly, optimal GC-tapering
in PMR is unknown as this is based on limited evidence
of low to medium quality [7]. Secondly, minimizing GC
treatment may minimize AE [13]. Thirdly, and poten-
tially most importantly, minimizing GC treatment will
make it easier to identify a possible effect of MTX on
GC use and GC free remission.

Intervention description {11a}
After inclusion, patients will randomly be allocated into
one of two arms with a 1:1 ratio. Patients allocated to the
treatment arm will start with oral MTX 15mg per week,
which will be increased to 25mg per week after 4 weeks
for the remainder of the study period if no clinically
relevant MTX-related side effects occur (Table 1). Patients
assigned to the placebo arm will receive an identical

amount of indistinguishable placebo capsules, containing
MTX 0mg, once weekly. MTX will be dosed in capsules
of 5mg to allow easier dose adjustment without the risk
of un-blinding treatment. Also, it will be easier to split the
dose over the course of the day to increase bioavailability.
After the 52 week study period, study medication will be
stopped.
Patients in this study will start with a prednisolone

dose 15 mg once daily, followed by an accelerated
disease activity guided tapering scheme over the course
of 24 weeks, with a dose reduction of 2.5 mg every 4
weeks (Table 1). Prednisolone will only be tapered after
acquiring an adequate initial response and in the
absence of a disease relapse. If primary non-response oc-
curs during the first 4 weeks, the prednisolone dose will
be increased to 25mg/day for 2 weeks, followed by 20
mg/day for 2 weeks and subsequently 15 mg/day
followed by the study tapering protocol (Fig. 1). When
no primary response is obtained after treatment with 25
mg/day, alternative diagnoses such as GCA will be ruled
out. If a patient does not respond after a maximum of 4
weeks, prednisolone can be raised further to 30mg/day
for 1 week. If a patient does not respond in this time,
they will be excluded from the study and replaced by a
new patient, because we think an alternative diagnosis is
more likely. If a relapse occurs after initial primary re-
sponse, prednisolone dose will be increased to the pre-
relapse dose, followed by tapering in the case of re-
sponse, or further raising of the dose in the case of non-
response. If this is the first relapse, tapering will occur
according to the study tapering protocol. If a second re-
lapse occurs tapering will occur according to usual care.
See Fig. 2 for a detailed description of the relapse proto-
col. Additionally, all patients will receive folic acid 5 mg
twice weekly, to reduce potential MTX related side ef-
fects [29]. Osteoporosis prophylaxis for prevention of
GC-related osteoporosis will be given if indicated [30].

Criteria for discontinuing or modifying allocated
interventions {11b}
Since MTX can lead to hepatotoxicity or blood count
abnormalities, monitoring of hepatoxicity will be done
by ALAT serum levels and blood count by hemoglobin

Table 1 Treatment set-up for initial responders without relapse

Time in weeks 0 4 8 12 16 20 24 28 32 36 40 44 48 52

MTX group Prednisolone (mg/day) 15 12.5 10 7.5 5 2.5 0 0 0 0 0 0 0 0

MTX (mg/week) 15 25 25 25 25 25 25 25 25 25 25 25 25 25

Folic acid (mg/week) 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Placebo group Prednisolone (mg/day) 15 12.5 10 7.5 5 2.5 0 0 0 0 0 0 0 0

MTX (mg/week) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Folic acid (mg/week) 10 10 10 10 10 10 10 10 10 10 10 10 10 10
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level, leukocyte count, and platelet count according to the
Dutch Rheumatologist Association guidelines for
methotrexate treatment [31]. If ALAT serum level is more
than 3 times the upper bound of the normal values,
leukocyte count is < 3.0 × 109/L, or platelet count is < 100 ×
1012/L; testing will be repeated within 7 days to determine
whether these values improve, stabilize, or worsen. If
laboratory abnormalities are still clinically relevantly elevated,
as judged by treating physician, then MTX (or placebo) dose
may be skipped for that week. Furthermore, laboratory
values will be monitored the week thereafter and MTX (or
placebo) dose can either be adjusted to a minimum of 10
mg/week or continued. If clinically relevant lab abnormalities
persist, MTX or placebo will be stopped, and patients will
remain in the study. Treatment of other AE is left to the
discretion of the treating physician.

Strategies to improve adherence to interventions {11c}
If patients were not able to adhere to the treatment
protocol, the reasons will be asked and noted by the

treating physician. To improve MTX/placebo treatment
adherence, in case the relatively frequent side-effect nau-
sea occurs, ondansetron 4mg 1–2 times daily can be
prescribed. Other side effects will be treated as judged
by the treating physician.

Relevant concomitant care permitted or prohibited during
the trial {11d}
Patients are not allowed to take part in a competing
clinical study while enrolled in this study. Patients can
use paracetamol and non-steroidal anti-inflammatory
drugs (NSAIDs) during the trial. Patients are encouraged
to report any new medications, or medication changes,
during the trial.

Provisions for post-trial care {30}
After completion of the trial, usual care will be provided.
This might include open label MTX (MTX 2.5-mg
tablets instead of 5-mg capsules in the Netherlands), or
other treatment according to management guidelines.

Fig. 1 Treatment protocol flowchart {11b}
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Outcomes {12}
The primary outcome of this study is the between-group
difference in proportion of PMR patients in GC-free re-
mission at week 52. This outcome captures both the
state of disease activity and absence of GC-use. Combin-
ing these two in one composite measure is in our eyes a
relevant and efficient way to measure the efficacy of
MTX. Also, the 52-week endpoint is approximately half
a year after the earliest possible end of GC treatment (at
week 24). Thus, we think this reflects the more relevant
longer term efficacy. Furthermore, we chose a point suf-
ficiently far enough that patients with a relapse (that
have prednisolone dose raised and again tapered) can
still achieve GC-free remission, since PMR relapse oc-
curs frequently and increased taper speed further in-
creases chance of relapse [3]. Additionally, we chose
GC-free remission instead of an outcome like GC cumu-
lative dose, because in our opinion GC-free remission is
more clinically relevant and pragmatic, both for patients
and physicians, as it also enables calculating Numbers
Needed to Treat. In PMR, there is no validated measure
for disease activity but, since most evidence exists for
the PMR-AS, we chose for a PMR-AS-based score to

define remission [32–35]. The PMR-AS is discussed in
more detail in the paragraph on assessments with
SPIRIT header {18a}.
Secondary outcomes are the proportion of patients in

GC-free remission at week 32; the time to GC-free re-
mission and first relapse; the GC cumulative dose at
week 32 and 52; the number of relapses or recurrences
during follow-up at week 32 and 52; the proportion of
patients that relapsed or had a recurrence during follow-
up at week 32 and 52; the change in PMR-AS; the
change in ESR, CRP, transition and PASS questions,
VAS, EQ-5D, HAQ, and PROMIS-PF; the frequency and
types of GC-related adverse events during the study as
measured by the Glucocorticoid Toxicity Index (GTI);
the frequency and types of GC- and MTX-related ad-
verse events; and the proportion of patients with a
MTX/placebo dose adjustment during follow-up at week
52. After approval of the amendment of the trial by the
Medical Ethics Review Committee, the following second-
ary outcomes were added to the trial: the proportion of
low-dose GC (≤ 5 mg daily) remission at weeks 32 and
52, and cost-utility (based on EQ-5D and direct health-
care costs). The choices of several of these secondary

Fig. 2 Relapse flowchart {11b}
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outcomes are based on the proposed inner core domains
(systemic inflammation, physical function, pain, and
stiffness) for PMR by the OMERACT working group
[36]. Furthermore, we chose multiple patient-reported
outcomes (PROs) to get a better insight in the quality of
life and functioning of PMR patients.
We chose to use a modified version of the GTI

developed by Miloslavsky et al. [37] because this enables
a detailed and standardized assessment of GC-related
AE. We chose to exclude standardized dual energy X-
ray absorptiometry (DEXA) and cortisol assessment, as
this is more pragmatical in implementation and reduces
patient burden and costs. In PMR trials, there is much
heterogeneity regarding outcome measures; in our opin-
ion, using the inner core domain as proposed by the
OMERACT working group and the GTI will increase
the chance of homogeneity and comparability of this
trial with other (future) trials of PMR.

Participant timeline {13}
The pre-recruitment phase of the study is scheduled to
take 12months. The recruitment and inclusion phase is
expected to take 24 months. Follow-up will take 12
months for each recruited patient. Data analysis, report-
ing, and submitting the written article of the study are
scheduled to take 6 months. Therefore, total study time
is approximately 52 months. We initially aimed to in-
clude approximately 5–6 patients per month to achieve
100 study participants within an 18-month time period.
However, recruitment has been hampered due to the
COVID pandemic, and therefore, we now expect recruit-
ment to take approximately 24 months.

Sample size {14}
We calculated our sample size for our primary outcome,
the proportion of patients in GC-free remission. Based
on two previous RCTs studying the efficacy of MTX
with regard to GC-free remission [20, 21], we assumed
conservative, but still a clinical important, GC-free re-
mission proportions of 70% versus 40% at week 52
(MTX versus placebo respectively). To calculate sample
size, STATA/IC version 13 for windows was used, a chi-
square test with a power of 0.80, a two-tailed alpha of
0.05, a 1:1 allocation ratio, and correction for continuity.
This resulted in a total sample size of 98 patients, 49 per
treatment arm. We calculated the sample size for differ-
ent GC-free proportions in both groups. As shown in
Table 2, with a sample size of at least 98, we are on the
safe side of finding a clinically relevant difference be-
tween groups, but also still on the feasible side. We in-
creased the sample size to 100 as we expect a maximal
drop-out of < 5%, as has been the experience in our cen-
ter before [36].

Recruitment {15}
To stimulate patient enrolment, we placed information
regarding the study on the website of the Dutch
Arthritis Society (Dutch: ReumaNederland) and the Sint
Maartenskliniek. Every year, the diagnosis PMR is made
in approximately 100 patients in the Sint
Maartenskliniek and around 50 patients a year fulfill the
2012 EULAR/ACR criteria. Because not every patient
will want to, or is eligible to, participate in this trial,
other centers, and general practitioners are encouraged
to refer patients to the Sint Maartenskliniek.
Furthermore, collaboration with other rheumatology
clinics will be sought to enhance patient enrolment. In
case of exclusion of subjects if another diagnosis appears
to more likely, additional subjects will be recruited, to
ensure a minimum of 100 evaluable patients in the
analysis.

Methods: assignment of interventions: allocation
Sequence generation {16a}
The treatment allocation sequence will be generated by
computer-generated random numbers and we will strat-
ify in 4 groups based on sex and elevation of APR (either
an ESR ≥ 70mm/h or a CRP ≥ 25mg/L). Previous stud-
ies show that sex and serum level of inflammatory pa-
rameters before treatment may be predictors of PMR
relapse during the first year of treatment; thus, we
wanted to make sure these variables were balanced be-
tween the MTX and placebo group [3, 25]. A variable
block size will be used to reduce predictability of the
randomization sequence, while maintaining balance in
numbers. The details of this randomization sequence
and treatment allocation will be unknown to all
personnel part of the research team and only known to
colleagues of the pharmacy.

Concealment mechanism {16b}
MTX and placebo pills will be identical in packaging.
Furthermore, the capsules will be identical to each other
in appearance. Patients will receive the study medication

Table 2 Patients needed for different effect sizes

Proportion of GC-
free remission

Placebo group

0.5 0.45 0.4 0.35 0.3 0.25 0.2

MTX group 0.8 90 70 56 44 38 32 26

0.75 132 96 72 56 46 38 32

0.7 206 136 98 74 58 46 38

0.65 366 212 140 98 74 56 44

0.6 816 372 214 140 98 72 56

0.55 3210 824 372 212 136 96 70

0.5 3210 816 366 206 132 90

STATA/IC 13, a two-tailed α of 0.05, power of 0.80, correction for continuity
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from the pharmacy that is located at the Sint
Maartenskliniek Nijmegen.

Implementation {16c}
The treating physicians will enroll patients. The
interventions will be assigned by the pharmacy that has
the document with the allocation sequence.

Methods: assignment of interventions: blinding
Who will be blinded {17a}
Patients, researchers, and all health care providers
(HCP), including nurses, and (research) physician(s)
(assistants), will be blinded for 52 weeks.

Procedure for unblinding if needed {17b}
If MTX is not tolerated during the trial period of 4
weeks (as assessed by laboratory values and AE), the
dosage is not raised further, or dose can be lowered
without unblinding patients or caregivers. MTX capsules
of 5 mg will be used to allow easier dose adjustment
without unnecessarily unblinding participants or HCP.
Unblinding is only done on request of a treating
physician when this is needed for adequate treatment.
This request will be made to the pharmacist and
subsequent unblinding will be done by the pharmacist.

Methods: data collection and management
Plans for assessment and collection of outcomes {18a}
See Table 3 for all the assessments and collection of
outcomes that will take place during this study. At
baseline, patient characteristics and physical
examination will be performed. Patient characteristics

include age, gender, smoking habits, alcohol use, and
previous medical history. Disease characteristics that will
be assessed include PMR-specific symptoms and regions,
pre-treatment symptoms duration, involvement of sys-
temic symptoms, and treatment prior to inclusion. Phys-
ical examination will include at least length, weight,
blood pressure, pulse rate, and temperature.
At baseline and every follow-up visit, the PMR-AS will

be assessed. To date, there is no consensus-based meas-
ure for disease activity in PMR, although the PMR-AS
seems most evidence based [38]. Previous research
showed the PMR-AS may discriminate remission from
relapse in clinical practice if a cut-off of 10 is used [32–
35]. The PMR-AS is calculated from CRP measurements
(mg/dl), the duration of morning stiffness (MST, mi-
nutes), the ability to raise the arms ((elevation upper
limb; EUL); 3 to 0: 3 = no elevation possible; 2 = eleva-
tion possible below shoulder girdle; 1 = up to shoulder
girdle; 0 = full elevation possible), physician’s global as-
sessment (physician’s visual analogue scale (VAS ph); 0
to 10), and the patients’ assessment of pain (patient’s vis-
ual analog scale (VAS p); 0 to 10). The total score will
be calculated with the formula as described by Leeb
et al. [34]. Primary response will be defined as ≥ 70% im-
provement from baseline in PMR Visual Analogue Scale
and duration of morning stiffness, combined with nor-
mal CRP or ESR. Remission during the visits will be de-
fined as a PMR-AS < 10 [32–35]. Relapse will be defined
as judged by the treating physician. AE will be assessed
at every visit. Additionally, GC-related AE are assessed
by using a modified version GTI as discussed under
SPIRIT header {12} [37].

Table 3 Schedule of enrolment, interventions, and assessments

Timepoint Enrolment Post-allocation (weeks) Close-out

-t1 Baseline 4 8 12 16 24 32 42 52

Enrolment

Eligibility screen X

Informed consent X

Allocation X

Intervention

Methotrexate

Placebo

Assessments

Demographics, medical history, medication overview, RF, ACPA, AP X

Disease characteristics, physical examination, PMR-AS, AE monitoring, PROsa X X X X X X

CRP, ESR, total blood count, creatinine, ALAT, serum for storage X X X X X X X X X

GTI, including serum glucose, HbA1c, LDL X X X X

Abbreviations: RF, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide; AP, alkaline phosphatase; PMR-AS, polymyalgia rheumatica disease activity score; AE,
adverse events; PROs, patient-reported outcomes; GTI, Glucocorticoid Toxicity Index; HbA1c, glycated hemoglobin; LDL, low-density lipoprotein; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate; ALAT, alanine aminotransferase
aTransition, patient acceptable symptom state, EQ-5D-5L, HAQ, and PROMIS-PF
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COVID study visits
Due to the COVID pandemic, study visits will be done
without physical appointments when possible. Study
visits at weeks 0, 32, and 52 will be done physically, as
these are necessary to accurately assess and analyze
primary and secondary outcomes. Other study visits will
be performed by telephone and laboratory assessment
may be performed at local laboratories, based on
physician and patient shared decision making. We think
this is possible since the (main) physical examination,
the EUL, and other parameters (e.g., pain and morning
stiffness) may be done by telephone.

Plans to promote participant retention and complete
follow-up {18b}
Contacting the research physician will be made very
accessible for patients. Patients will be seen as soon as
possible when they experience a relapse. Furthermore, it
will be made clear that prednisolone dose can (quickly)
be raised in case of a relapse. The reason for withdrawal
will be asked but patients do not need to provide the
answer if they prefer not to disclose their reason.

Data management {19}
A CASTOR EDC database will be used to store all study
data anonymously. CASTOR also enables an audit trail.
Data entry will be done by a research assistant. Data will
be checked by double entry in 10% of patients. Before
analysis, data will be checked on completeness and
range checks will be made to detect any (potential)
outliers. Data will be stored for 25 years after the end of
the study.

Confidentiality {27}
All data will be collected and stored anonymously in a
CASTOR database. Data will be coded and kept based
on the rules for good clinical practice (GCP) and Dutch
law. Only the trial researchers will have access to the
CASTOR database through a personal password.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Study data will be stored for 25 years after the end of the
study period. Blood samples for this study will be stored
for the duration of this study period to do additional
testing if necessary. Additional permission will be asked
to use data and additional blood samples for future
research in the field of PMR, as described in the patient
information brochure. Blood samples for future research
will be stored for 10 years. Blood samples will be sent to
the laboratory of the SMK and anonymously coded and
delivered. The database managers keep a unique code
list at a secured location which is only accessible to the

database manager and the principal investigator.
Additional research on material will only take place after
medical ethical approval.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
All statistical analyses will be performed using STATA/
IC version 13 for Windows. Results will be analyzed on
an intention-to-treat approach, and an additional per
protocol sensitivity analysis will be done as described
under SPIRIT header {20c}. Descriptive statistics will be
provided using mean and standard deviation (SD), me-
dian and interquartile range (IQR) or frequencies / per-
centages as appropriate.
The primary outcome, the proportion of patients in

GC-free remission after a total of 52 weeks, will be com-
pared using a Cochran–Mantel–Haenszel procedure
with stratification for sex and APR as discussed under
SPIRIT header {16a}.
Of the secondary outcomes, the proportion of patients

in GC-free remission at week 32, the proportion of pa-
tients with low dose GC ≤ 5mg at week 32 and 52, pro-
portion of the patients that have a relapse during follow-
up, and proportion of patients that had MTX/placebo
dose adjustment at week 52 will be analyzed in the same
manner as the primary outcome. Time to remission and
time to first relapse will be compared using Kaplan-
Meier analysis. GC cumulative dose will be compared
using an independent t-test or Mann-Whitney test.
Number of relapses will be compared using Poisson re-
gression. Change in ESR and CRP, PMR-AS, transition
and PASS, VAS, EQ-5D, HAQ, and PROMIS-PF will be
compared using an independent t-test or Mann-Whitney
test; Glucocorticoid Toxicity Index will be compared
using an independent t-test or Mann-Whitney test;
number of AE will be compared using an independent t-
test or Mann-Whitney test. A p-value < 0.05 will be con-
sidered significant.

Interim analyses {21b}
No preplanned interim analyses will take place. On
request of the DSMB, an interim analysis can be
performed for safety reasons.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
We will stepwise study the treatment-modifying effect of
covariates and the primary (and secondary) study param-
eter(s) by starting with models with the (various)
dependent outcome variables and independent treat-
ment variable, and thereafter adding and removing co-
variates one at a time. We will first study the correlation
with the stratification factors: sex and ESR and CRP level
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before treatment as covariates. Thereafter, we will use
the stratification of sex and pre-treatment CRP/ESR in a
model and stepwise add and remove age, smoking, alco-
hol use, BMI, pre-treatment symptom duration, and
time to initial response as covariates.
Economic evaluation will be performed in a secondary

cost-utility study guided by national recommendations
[39]. Costs will be determined by multiplying units of
medication and rheumatology appointments by costs per
unit. QALY will be calculated using an area under the
curve (AUC) method using utility scores converted from
the EQ-5D-5L [40, 41].

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Patients in which an alternative diagnosis is considered
more likely, e.g., due to lack of response to prednisolone
(as discussed under SPIRIT header {11a}), are excluded
from the primary analyses. After this exclusion, patient
data will primarily be analyzed in an intention-to-treat
(ITT) manner. Efficacy-related outcomes will also be an-
alyzed in a per-protocol (PP) manner. Patients will be
excluded from the PP analysis if they either deviated
from the tapering protocol more than eight weeks, are
treated with prednisolone ≥ 20mg/day for 2 weeks due
to other complaints than PMR (after initial response to
prednisolone), or are allocated to MTX group and were
not treated with at least MTX 15mg/week for at least 6
months. Potential reasons for drop-out will be noted
and assessed with regard to the rise of attrition bias due
to loss to follow-up.
The number of missing values and the role of the

corresponding variables will be assessed. Missing value
patterns will be analyzed using visualization (e.g.,
histograms), potential causes for missing (e.g., treating
physician and PP adjustments) will be examined, and
supportive testing using Little’s test for Missing Completely
At Random will be used [42]. If missing values are limited in
number and importance (of the corresponding variable), a
complete case analyses, per analysis per outcome, can be
considered. If missing values occur more often, or the
corresponding variable is deemed important, and we assume
data to be Missing (Completely) At Random, then an
imputation technique will be considered. Imputation will be
considered separately for ITT and PP analyses. The
imputation technique used will depend on the missing
values, with a preference for multiple imputation (using
chained equation) as opposed to single imputation, like Last
Observation Carried Forward [43].

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}
Full public access to the full protocol will be granted.
After the initial analyses of study data, access to

anonymized participant-level dataset and statistical code
may be granted upon request.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5D}
The coordinating center is the Sint Maartenskliniek:
principal investigator is Dr. Aatke van der Maas,
rheumatologist-epidemiologist, and coordinating investi-
gator is Thomas Bolhuis, MD.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
Stringent monitoring is not formally necessary as this
study is classified as negligible/low risk. Nevertheless, an
independent Data Safety Monitoring Board (DSMB) will
be installed to monitor the inclusion progress of the
study every 6 months. Members of the DSMB are
independent from the study and include a pharmacist,
an internist, a rheumatologist, and a methodologist.
Their role is to monitor the feasibility and safety of the
study, e.g., inclusion rate and the occurrence of (serious)
adverse events((S)AE). Meetings will be planned every 6
months from the time of first inclusion. The principal
and coordinating investigators will be present during
meetings.

Adverse event reporting and harms {22}
All (S)AE reported spontaneously by the subject or
observed by the investigator will be recorded. The (S)AE
will be reported to the medical ethical authorities
according to Dutch legislations. An annual safety report
will be written and submitted to the competent
authority throughout the duration of the clinical trial.
Furthermore, AE will be discussed in the DSMB (as
discussed under SPIRIT header {21a}) and checked by
the monitor (as discussed under SPIRIT header {23}).

Frequency and plans for auditing trial conduct {23}
As this is a low risk study, monitoring of the trial will be
performed once per year. The assigned monitor is
independent from the study and “BROK” certified
conform Dutch guidelines. Monitoring will consist of
checking rate of inclusion, drop-out, the investigator site
file, informed consent for 25% of participants, in- and
exclusion criteria for 10% of participants, source data of
1–10% of participants, SAE in 1% of participants, and
verify SAE in 10% of SAE. The monitor will write a re-
port, which will be assessed and signed by the principal
investigator.
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Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
Any protocol amendments will first be communicated to
the medical ethical committee. After approval by the
medical ethical committee, the protocol amendments
will be communicated to the study participants if the
amendments apply to the patients. Depending on the
degree of amendments, they will also be communicated
to all other relevant parties such as the treating
physicians, research personnel, trial registries, and
regulators.
On 05-07-2021, the trial was amended on the follow-

ing points: addition of the outcomes low-dose GC remis-
sion and direct healthcare costs, visits (except for week
32 and 52) may be performed by telephone (due to
COVID), intention-to-treat, per-protocol, and missing
data analysis, a secondary cost-utility analysis, and re-
moval of the baseline chest X-ray. At this moment, 31
patients were included in the trial, five had finished the
trial, and one was unblinded due to a serious AE. On
20-07-2021, the trial was amended to include Gelre Zie-
kenhuizen, making the study a multicenter RCT.

Dissemination plans {31a}
The main findings of clinical trials will be authored by
investigators of the Department of Rheumatology from
the Sint Maartenskliniek and submitted for publication
in a peer-reviewed journal within 12months of study
completion. Researchers who have made significant con-
tributions to the study will be included in the list of au-
thors. In addition, key outcomes are to be made publicly
available within 12 months of study completion by post-
ing to the results section of the primary clinical trial
registry. Furthermore, a layman’s summary of the results
will be posted on a free-to-access, publicly available,
searchable institutional website of the Sint Maartenskli-
niek and will also be disseminated to all patients who
participated in the study.

Discussion
With this double-blinded placebo controlled superiority
design, our aim is to investigate whether MTX 25mg/
week is efficacious and leads to disease remission and GC-
sparing in PMR. Several choices for the design are moti-
vated above, but we would like to discuss some aspects
and challenges of the study design in more detail below.
First, the selection of patients: in an ideal setting we

would like to include all patients with clinical PMR in
the study. However, a clinical diagnosis of PMR may be
less specific for PMR than the EULAR/ACR
classification criteria and there may be much
heterogeneity among rheumatologist regarding clinical
diagnosis. Thus, using these criteria will—although

generalizability and inclusion will be somewhat
hampered—improve homogeneity, both within the
study, and when comparing with other studies. Of note,
these criteria have a moderate sensitivity and specificity
for PMR [2]. Therefore, not all patients with clinically
diagnosed PMR can be included, e.g., patients with
normal acute phase parameters. However, these patients
may represent a subset of PMR patients with a different
(more benign) disease course, possibly benefitting less
from add-on MTX [44]. In- and exclusion criteria for
this trial are less strict when compared to other PMR tri-
als in the Netherlands (a Leflunomide trial (clinical trial
identifier: NCT03576794) and a sarilumab trial (clinical
trial identifier: NCT03600818)). Firstly, newly diagnosed
PMR for this trial is defined as GC use ≤ 8 weeks, which
we assume more feasible and reflecting the true newly
diagnosed PMR patients we see in daily clinical practice,
as opposed to a shorter treatment duration. Secondly,
exclusion based on conditions interfering with pain and
movement evaluation is left to treating rheumatologists,
for example fibromyalgia is not a formal contra-
indication, unless this might interfere with assessments.
We assume these exclusion criteria improve feasibility
and generalizability. Lastly, eligibility for treatment with
MTX is left to judgment of the treating rheumatologist/
research physician. This was decided because there is a
lot of experience with MTX in rheumatology practice,
and this choice is supported by the Dutch guidelines for
MTX treatment which does not formulate absolute
contra-indications [31].
We have considered also including PMR patients

relapsing during tapering of GC. Indeed, to date, even
though MTX is recommended for patients at risk for
worse prognosis in guidelines for management of PMR,
the evidence of a GC-sparing effect of concomitant
MTX in PMR patients who relapse is not strong [7].
Furthermore, including PMR patients who relapse in our
study would have the advantage of a higher inclusion
rate. However, in this study, we decided not to include
PMR patients who relapse for several reasons. Firstly, it
is uncertain if MTX efficacy will be the same in both
these subgroups since effect modification may occur.
Secondly, it is unknown what the optimal GC-dose cut-
off point is at moment of relapse for starting concomi-
tant MTX, since at lower GC doses the possible benefits
of MTX may not outweigh the risks. Therefore, we
chose to include recently diagnosed PMR patients only.
Another point we would like to address is the primary

outcome GC-free remission, considering our GC taper-
ing based strategy study. We deliberately chose a com-
posite endpoint of disease activity (remission defined as
PMR-AS< 10) and treatment (GC-free), as we think this
is in more meaningful than an outcome based on disease
activity or treatment alone. Remission defined as a
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PMR-AS< 10 is both a subjective and objective outcome
and includes both patients’ and physicians’ view of PMR
disease activity. In our study if a patient experiences a
relapse, this will be ameliorated by increasing prednisol-
one to the pre-relapse dose. This may lead to second
order effects such as increased cumulative GC dose or
being symptom free but not GC free. Therefore, incorp-
orating both disease activity and current GC treatment
may counteract a second order effects as well.
Concerning the intervention, the choice for MTX

capsules instead of injections has already been motivated
under SPIRIT header {6b}, the accelerated GC-tapering
on the other hand will be discussed further here. In this
study, we chose an accelerated GC-tapering regime of
24 weeks, which is approximately twice as fast as usual
care. Due to this increased tapering speed, and minimal
GC treatment, we will be more likely to find a treatment
effect of MTX if it exists when compared to regular care
tapering. Furthermore, two previous RCTs examined
MTX using a comparable tapering scheme; therefore,
our results may be more easily compared with those [22,
26]. In addition, increased tapering may lead to better
insight in the ideal length or speed of a GC tapering
scheme for PMR. One aspect we did not discuss before
is the possible increased chance of relapsing during ta-
pering. In discussions with patients in the design phase
of our study, patients were willing to accept this risk if
contact with the physician is easily accessible and pred-
nisolone may promptly be raised to the pre-relapse dose.
Furthermore, since a diagnosis has already been made,
both the patient and research physician may be able to
identify a relapses quicker.
A final challenge of this study is the COVID-19 pan-

demic as both inclusion and follow-up of patients are
hampered by distancing measures. To guarantee patient
safety and reduce risk of COVID19 infection and spread-
ing, we chose to perform study visits digitally where pos-
sible and needed. Despite limited physical appointments,
we do think that adequate study assessments will be
made as most assessments can be collected reliably by
telephone and the physical visits required are limited.
In conclusion, a positive outcome of this trial will have

significant implications for the management of PMR. If
this trial proves efficacy of MTX in PMR patients in an
early disease phase, it will lead to improved treatment of
PMR and provide a GC-sparing agent for all patients.

Trial status
Protocol version 2.1, date 20-07-2021. Recruitment
started at 02-03-2020 and is expected to be completed
by 08-2022.

Abbreviations
ACR: American College of Rheumatology; ACPA: Anti-citrullinated protein
antibodies; AE: Adverse event; ALAT: Alanine-amino-transferase;

CK: Creatinine kinase; CRP: C-reactive protein; DMARD: Disease-modifying
anti-rheumatic drug; DSMB: Data Safety Monitoring Board; EMA: European
Medicines Agency; EQ-5D: Europol Five Dimensions Questionnaire;
ESR: Erythrocyte sediment rate; EudraCT: European Drug Regulatory Affairs
Clinical Trials; EULAR: European League Against Rheumatism;
GC: Glucocorticoids; GCA: Giant cell arteritis; GCP: Good Clinical Practice;
GDPR: General Data Protection Regulation; in Dutch: Algemene Verordening
Gegevensbescherming (AVG); GTI: Glucocorticoid Toxicity Index;
(M)HAQ: (Modified) Health assessment questionnaire; IC: Informed consent;
LDH: Lactate dehydrogenase; METC: Medical Research Ethics Committee
(MREC); in Dutch: medisch-ethische toetsingscommissie (METC);
MTX: Methotrexate; NFU: Netherlands Federation of University Medical
Centres; OMERACT: Outcome Measures in Rheumatology (workgroup);
PASS: Patient acceptable symptom state; PMR: Polymyalgia rheumatica; PMR-
AS: Polymyalgia rheumatica activity score (measure for PMR-specific disease
activity); PRO: Patient-reported outcome; PROMIS-PF: Patient-Reported
Outcome Measurement Information System Physical Function; QALY: Quality-
adjusted life year; RA: Rheumatoid arthritis; RCT: Randomized controlled trial;
RF: Rheumatoid factor; (S)AE: (Serious) adverse event; SUSAR : Suspected
unexpected serious adverse reaction; UAVG: Dutch Act on Implementation of
the General Data Protection Regulation; in Dutch: Uitvoeringswet AVG;
VAS: Visual analogue scale; WMO: Medical Research Involving Human
Subjects Act; in Dutch: Wet Medisch-wetenschappelijk Onderzoek met Mensen

Acknowledgements
Not applicable, no one to acknowledge.

Authors’ contributions {31b}
DM and TB were both involved in the design and draft, and both
contributed equally to the trial protocol manuscript. TB acquired trial
approval, performed trial admission and registration, and is involved in trial
execution. NdB played a role in the study design, draft, and statistical
considerations. AdB was involved in the study design and is involved in
patient inclusion. AvdM is the principal investigator and initiator of this study
and is involved in all aspects of the study. All authors have read and
approved this final manuscript.

Funding {4}
Partial funding has been granted by the Dutch Arthritis foundation (Dutch:
ReumaNederland). The Dutch Arthritis foundation played no role in the
design of the study and will play no role in the data collection, analysis
interpretation, and writing of the results. The Sint Maartenskliniek is sponsor
and coordinating center of this study.

Availability of data and materials {29}
All data will be anonymously stored and accessible to all researchers
involved in the study. All data are aimed to be published through a
mechanism following FAIR principles [45]. Any researcher who wishes to use
this data to replicate the findings of this study or wishes to use this data for
independent patient data (meta-) analysis may gain access after approval of
a written and sound proposal in combination with a signed data access
agreement.

Declarations

Ethics approval and consent to participate {24}
This study follows the principles of the Declaration of Helsinki as put forward
by the World Medical Association (most recent version dating 2008) and all
relevant Dutch legislation, including the Medical Research Involving Human
Subjects Act (WMO), the Medical Treatment Agreements Act (WGBO), and
the Personal Data Protection Act (WBP). This study will be performed in
accordance with the Good Clinical Practice and the Dutch guidelines on
quality assurance for research involving human subjects (Kwaliteitsborging
mensgebonden onderzoek 2.0) of the Netherlands Federation of University
Medical Centers (NFU) dating March 2019. Informed consent will be
obtained from all study participants.

Consent for publication {32}
Not applicable.

Marsman et al. Trials          (2022) 23:318 Page 12 of 14



Competing interests {28}
The authors declare that they have no competing interests.

Author details
1Department of Rheumatology, Sint Maartenskliniek, Nijmegen, The
Netherlands. 2Radboud Institute for Health Sciences, Radboud University
Medical Center, Nijmegen, The Netherlands. 3Department of Rheumatic
Diseases, Radboud University Medical Centre, Nijmegen, The Netherlands.

Received: 28 September 2021 Accepted: 31 March 2022

References
1. González-Gay MA, Matteson EL, Castañeda S. Polymyalgia rheumatica.

Lancet. 2017;390(10103):1700–12. https://doi.org/10.1016/S0140-6736(17)31
825-1.

2. Dasgupta B, Cimmino MA, Maradit-Kremers H, Schmidt WA, Schirmer M,
Salvarani C, et al. 2012 Provisional classification criteria for polymyalgia
rheumatica: a European League Against Rheumatism/American College of
Rheumatology collaborative initiative. Ann Rheum Dis. 2012;71(4):484–92.
https://doi.org/10.1136/annrheumdis-2011-200329.

3. Kremers HM, Reinalda MS, Crowson CS, Zinsmeister AR, Hunder GG, Gabriel
SE. Relapse in a population based cohort of patients with polymyalgia
rheumatica. J Rheumatol. 2005;32(1):65–73.

4. Weyand CM, Goronzy JJ. Giant-cell arteritis and polymyalgia rheumatica. N
Engl J Med. 2014;371(1):50–7. https://doi.org/10.1056/NEJMcp1214825.

5. Hutchings A, Hollywood J, Lamping DL, Pease CT, Chakravarty K, Silverman
B, et al. Clinical outcomes, quality of life, and diagnostic uncertainty in the
first year of polymyalgia rheumatica. Arthritis Care Res. 2007;57(5):803–9.
https://doi.org/10.1002/art.22777.

6. Mackie SL, Hensor EMAA, Haugeberg G, Bhakta B, Pease CT. Can the
prognosis of polymyalgia rheumatica be predicted at disease onset? Results
from a 5-year prospective study. Rheumatology (Oxford). 2010;49(4):716–22.
https://doi.org/10.1093/rheumatology/kep395.

7. Dejaco C, Singh YP, Perel P, Hutchings A, Camellino D, Mackie S, et al. 2015
recommendations for the management of polymyalgia rheumatica: a
European League Against Rheumatism/American College of Rheumatology
collaborative initiative. Ann Rheum Dis. 2015;74(10):1799–807. https://doi.
org/10.1136/annrheumdis-2015-207492.

8. Partington RJ, Muller S, Helliwell T, Mallen CD, Abdul SA. Incidence,
prevalence and treatment burden of polymyalgia rheumatica in the UK
over two decades: a population-based study. Ann Rheum Dis. 2018;77(12):
1750–6. https://doi.org/10.1136/annrheumdis-2018-213883.

9. Caporali R, Cimmino MA, Montecucco C, Cutolo M. Glucocorticoid
treatment of polymyalgia rheumatica. Clin Exp Rheumatol. 2011;29(5 Suppl
68):S143–7.

10. Albrecht K, Huscher D, Buttgereit F, Aringer M, Hoese G, Ochs W, et al.
Long-term glucocorticoid treatment in patients with polymyalgia
rheumatica, giant cell arteritis, or both diseases: results from a national
rheumatology database. Rheumatol Int. 2018;38(4):569–77. https://doi.org/1
0.1007/s00296-017-3874-3.

11. Curtis JR, Westfall AO, Allison J, Bijlsma JW, Freeman A, George V, et al.
Population-based assessment of adverse events associated with long-term
glucocorticoid use. Arthritis Care Res. 2006;55(3):420–6. https://doi.org/10.1
002/art.21984.

12. Gabriel SE, Sunku J, Salvarani C, O'Fallon WM, Hunder GG. Adverse
outcomes of antiinflammatory therapy among patients with polymyalgia
rheumatica. Arthritis Rheum. 1997;40(10):1873–8. https://doi.org/10.1002/a
rt.1780401022.

13. Hoes JN, Jacobs JWG, Verstappen SMM, Bijlsma JWJ, Van der Heijden GJMG.
Adverse events of low- to medium-dose oral glucocorticoids in
inflammatory diseases: a meta-analysis. Ann Rheum Dis. 2009;68(12):1833–8.
https://doi.org/10.1136/ard.2008.100008.

14. Buttgereit F, Dejaco C, Matteson EL, Dasgupta B. Polymyalgia rheumatica
and giant cell arteritis: a systematic review. JAMA. 2016;315(22):2442–58.
https://doi.org/10.1001/jama.2016.5444.

15. Adizie T, Christidis D, Dharmapaliah C, Borg F, Dasgupta B. Efficacy and
tolerability of leflunomide in difficult-to-treat polymyalgia rheumatica and
giant cell arteritis: a case series. Int J Clin Pract. 2012;66(9):906–9. https://doi.
org/10.1111/j.1742-1241.2012.02981.x.

16. Diamantopoulos AP, Hetland H, Myklebust G. Leflunomide as a
corticosteroid-sparing agent in giant cell arteritis and polymyalgia
rheumatica: a case series. Biomed Res Int. 2013;2013:120638–3. https://doi.
org/10.1155/2013/120638.

17. Devauchelle-Pensec V, Berthelot JM, Cornec D, Renaudineau Y,
Marhadour T, Jousse-Joulin S, et al. Efficacy of first-line tocilizumab
therapy in early polymyalgia rheumatica: a prospective longitudinal
study. Ann Rheum Dis. 2016;75(8):1506–10. https://doi.org/10.1136/a
nnrheumdis-2015-208742.

18. Lally L, Forbess L, Hatzis C, Spiera R. Brief report: a prospective open-label
phase IIa trial of tocilizumab in the treatment of polymyalgia rheumatica.
Arthritis Rheum. 2016;68(10):2550–4. https://doi.org/10.1002/art.39740.

19. Marsman DE, den Broeder N, van den Hoogen FHJ, den Broeder AA, van
der Maas A. Efficacy of rituximab in patients with polymyalgia rheumatica: a
double-blind, randomised, placebo-controlled, proof-of-concept trial. Lancet
Rheumatol. 2021;3(11):e758–e66. https://doi.org/10.1016/S2665-9913(21
)00245-9.

20. Caporali R, Cimmino MA, Ferraccioli G, Gerli R, Klersy C, Salvarani C, et al.
Prednisone plus methotrexate for polymyalgia rheumatica: a randomized,
double-blind, placebo-controlled trial. Ann Intern Med. 2004;141(7):493–500.
https://doi.org/10.7326/0003-4819-141-7-200410050-00005.

21. Cimmino MA, Salvarani C, Macchioni P, Gerli R, Bartoloni Bocci E,
Montecucco C, et al. Long-term follow-up of polymyalgia rheumatica
patients treated with methotrexate and steroids. Clin Exp Rheumatol. 2008;
26(3):395–400.

22. Ferraccioli G, Salaffi F, De Vita S, Casatta L, Bartoli E. Methotrexate in
polymyalgia rheumatica: preliminary results of an open, randomized study. J
Rheumatol. 1996;23(4):624–8.

23. Lopez-Olivo MA, Siddhanamatha HR, Shea B, Tugwell P, Wells GA, Suarez-
Almazor ME. Methotrexate for treating rheumatoid arthritis. Cochrane
Database Syst Rev. 2014;2014(6):Cd000957.

24. Smolen JS, Landewé R, Bijlsma J, Burmester G, Chatzidionysiou K, Dougados
M, et al. EULAR recommendations for the management of rheumatoid
arthritis with synthetic and biological disease-modifying antirheumatic
drugs: 2016 update. Ann Rheum Dis. 2017;76(6):960–77. https://doi.org/1
0.1136/annrheumdis-2016-210715.

25. Lee JH, Choi ST, Kim JS, Yoon BY, Kwok S-KK, Kim H-SSH-RH-SR, et al. Clinical
characteristics and prognostic factors for relapse in patients with
polymyalgia rheumatica (PMR). Rheumatol Int. 2013;33(6):1475–80. https://
doi.org/10.1007/s00296-012-2580-4.

26. van der Veen MJ, Dinant HJ, van Booma-Frankfort C, van Albada-Kuipers GA,
Bijlsma JW. Can methotrexate be used as a steroid sparing agent in the
treatment of polymyalgia rheumatica and giant cell arteritis? Ann Rheum
Dis. 1996;55(4):218–23. https://doi.org/10.1136/ard.55.4.218.

27. Heuvelmans J, den Broeder N, van den Elsen GAH, den Broeder AA, van den
Bemt BJF. Effectiveness and tolerability of oral vs subcutaneous methotrexate
in patients with rheumatoid arthritis. Rheumatology. 2021:keab313.

28. Bujor AM, Janjua S, LaValley MP, Duran J, Braun J, Felson DT. Comparison of
oral versus parenteral methotrexate in the treatment of rheumatoid arthritis:
a meta-analysis. PLoS One. 2019;14(9):e0221823. https://doi.org/10.1371/
journal.pone.0221823.

29. van Ede AE, Laan RF, Rood MJ, Huizinga TW, van de Laar MA, van Denderen
CJ, et al. Effect of folic or folinic acid supplementation on the toxicity and
efficacy of methotrexate in rheumatoid arthritis: a forty-eight week,
multicenter, randomized, double-blind, placebo-controlled study. Arthritis
Rheum. 2001;44(7):1515–24. https://onlinelibrary.wiley.com/doi/epdf/10.1
002/1529-0131%28200107%2944%3A7%3C1515%3A%3AAID-ART273%3E3.0.
CO%3B2-7.

30. Nederlandse Vereniging voor Reumatologie (NVR). CBO Richtlijn
Osteoporose en Fractuurpreventie. 2011. https://www.
volksgezondheidenzorg.info/sites/default/files/cbo_richtlijn_osteoporose-en-
fractuurpreventie-2011.pdf. Accessed 13 may 2011

31. Nederlandse Vereniging voor Reumatologie (NVR). Richtlijnen. Medicijnen:
Methotrexaat 2011. https://www.nvr.nl/wp-content/uploads/2018/09/NVR-
Medicijnen-MTX-richtlijn-2009-update-2011.pdf. Accessed 13 may 2019

32. Binard A, de Bandt M, Berthelot J-M, Saraux A. Performance of the
polymyalgia rheumatica activity score for diagnosing disease flares. Arthritis
Rheum. 2008;59(2):263–9. https://doi.org/10.1002/art.23338.

33. Binard A, Lefebvre B, De Bandt M, Berthelot JM, Saraux A. Validity of the
polymyalgia rheumatica activity score in primary care practice. Ann Rheum
Dis. 2009;68(4):541–5. https://doi.org/10.1136/ard.2008.088526.

Marsman et al. Trials          (2022) 23:318 Page 13 of 14

https://doi.org/10.1016/S0140-6736(17)31825-1
https://doi.org/10.1016/S0140-6736(17)31825-1
https://doi.org/10.1136/annrheumdis-2011-200329
https://doi.org/10.1056/NEJMcp1214825
https://doi.org/10.1002/art.22777
https://doi.org/10.1093/rheumatology/kep395
https://doi.org/10.1136/annrheumdis-2015-207492
https://doi.org/10.1136/annrheumdis-2015-207492
https://doi.org/10.1136/annrheumdis-2018-213883
https://doi.org/10.1007/s00296-017-3874-3
https://doi.org/10.1007/s00296-017-3874-3
https://doi.org/10.1002/art.21984
https://doi.org/10.1002/art.21984
https://doi.org/10.1002/art.1780401022
https://doi.org/10.1002/art.1780401022
https://doi.org/10.1136/ard.2008.100008
https://doi.org/10.1001/jama.2016.5444
https://doi.org/10.1111/j.1742-1241.2012.02981.x
https://doi.org/10.1111/j.1742-1241.2012.02981.x
https://doi.org/10.1155/2013/120638
https://doi.org/10.1155/2013/120638
https://doi.org/10.1136/annrheumdis-2015-208742
https://doi.org/10.1136/annrheumdis-2015-208742
https://doi.org/10.1002/art.39740
https://doi.org/10.1016/S2665-9913(21)00245-9
https://doi.org/10.1016/S2665-9913(21)00245-9
https://doi.org/10.7326/0003-4819-141-7-200410050-00005
https://doi.org/10.1136/annrheumdis-2016-210715
https://doi.org/10.1136/annrheumdis-2016-210715
https://doi.org/10.1007/s00296-012-2580-4
https://doi.org/10.1007/s00296-012-2580-4
https://doi.org/10.1136/ard.55.4.218
https://doi.org/10.1371/journal.pone.0221823
https://doi.org/10.1371/journal.pone.0221823
https://onlinelibrary.wiley.com/doi/epdf/10.1002/1529-0131%28200107%2944%3A7%3C1515%3A%3AAID-ART273%3E3.0.CO%3B2-7
https://onlinelibrary.wiley.com/doi/epdf/10.1002/1529-0131%28200107%2944%3A7%3C1515%3A%3AAID-ART273%3E3.0.CO%3B2-7
https://onlinelibrary.wiley.com/doi/epdf/10.1002/1529-0131%28200107%2944%3A7%3C1515%3A%3AAID-ART273%3E3.0.CO%3B2-7
https://www.volksgezondheidenzorg.info/sites/default/files/cbo_richtlijn_osteoporose-en-fractuurpreventie-2011.pdf
https://www.volksgezondheidenzorg.info/sites/default/files/cbo_richtlijn_osteoporose-en-fractuurpreventie-2011.pdf
https://www.volksgezondheidenzorg.info/sites/default/files/cbo_richtlijn_osteoporose-en-fractuurpreventie-2011.pdf
https://www.nvr.nl/wp-content/uploads/2018/09/NVR-Medicijnen-MTX-richtlijn-2009-update-2011.pdf
https://www.nvr.nl/wp-content/uploads/2018/09/NVR-Medicijnen-MTX-richtlijn-2009-update-2011.pdf
https://doi.org/10.1002/art.23338
https://doi.org/10.1136/ard.2008.088526


34. Leeb BF, Bird HA. A disease activity score for polymyalgia rheumatica. Ann
Rheum Dis. 2004;63(10):1279–83. https://doi.org/10.1136/ard.2003.011379.

35. Leeb BF, Rintelen B, Sautner J, Fassl C, Bird HA. The polymyalgia rheumatica
activity score in daily use: proposal for a definition of remission. Arthritis
Rheum. 2007;57(5):810–5. https://doi.org/10.1002/art.22771.

36. Mackie SL, Twohig H, Neill LM, Harrison E, Shea B, Black RJ, et al. The
OMERACT core domain set for outcome measures for clinical trials in
polymyalgia rrheumatica. J Rheumatol. 2017;44(10):1515–21. https://doi.
org/10.3899/jrheum.161109.

37. Miloslavsky EM, Naden RP, Bijlsma JW, Brogan PA, Brown ES, Brunetta P,
et al. Development of a Glucocorticoid Toxicity Index (GTI) using
multicriteria decision analysis. Ann Rheum Dis. 2017;76(3):543–6. https://doi.
org/10.1136/annrheumdis-2016-210002.

38. Leeb BF. What could a new disease activity score for polymyalgia
rheumatica do better? Nat Rev Rheumatol. 2021;17(3):185. https://doi.org/1
0.1038/s41584-020-00550-6.

39. Hakkaart-van Roijen, L, van der Linden, N, Bouwmans, C, Kanters, T, Swan
Tan, S. Kostenhandleiding: Methodologie van kostenonderzoek en
referentieprijzen voor economische evaluaties in de gezondheidszorg. 2015
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publica
tie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-
de-gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+eva
luaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf. Accessed
13 May 2019

40. Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY
and utilities. Br Med Bull. 2010;96(1):5–21. https://doi.org/10.1093/bmb/
ldq033.

41. Versteegh MM, Vermeulen MK, Evers MAAS, de Wit GA, Prenger R, Stolk AE.
Dutch Tariff for the Five-Level Version of EQ-5D. Value Health. 2016;19(4):
343–52. https://doi.org/10.1016/j.jval.2016.01.003.

42. Li C. Little’s test of missing completely at random. Stata J. 2013;13(4):795–
809. https://doi.org/10.1177/1536867X1301300407.

43. Buuren S. Flexible imputation of missing data. 2nd ed: Chapman and Hall/
CRC; 2018.

44. Marsman DE, den Broeder N, Boers N, van den Hoogen FHJ, den Broeder
AA, van der Maas A. Polymyalgia rheumatica patients with and without
elevated baseline acute phase reactants: distinct subgroups of polymyalgia
rheumatica? Clin Exp Rheumatol. 2021;39(1):32–7.

45. Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A,
et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data. 2016;3(1):160018. https://doi.org/10.1038/sdata.2016.18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Marsman et al. Trials          (2022) 23:318 Page 14 of 14

https://doi.org/10.1136/ard.2003.011379
https://doi.org/10.1002/art.22771
https://doi.org/10.3899/jrheum.161109
https://doi.org/10.3899/jrheum.161109
https://doi.org/10.1136/annrheumdis-2016-210002
https://doi.org/10.1136/annrheumdis-2016-210002
https://doi.org/10.1038/s41584-020-00550-6
https://doi.org/10.1038/s41584-020-00550-6
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://doi.org/10.1093/bmb/ldq033
https://doi.org/10.1093/bmb/ldq033
https://doi.org/10.1016/j.jval.2016.01.003
https://doi.org/10.1177/1536867X1301300407
https://doi.org/10.1038/sdata.2016.18

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Inclusion criteria
	Exclusion criteria

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of data {26b}
	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}

	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Methods: assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Methods: assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Methods: data collection and management
	Plans for assessment and collection of outcomes {18a}
	COVID study visits

	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trial/future use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role, and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions {31b}
	Funding {4}
	Availability of data and materials {29}
	Declarations
	Ethics approval and consent to participate {24}
	Consent for publication {32}
	Competing interests {28}
	Author details
	References
	Publisher’s Note

