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ABSTRACT

In large vessel vasculitis, including gi-
ant cell arteritis and Takayasu arteritis,
as well as in polymyalgia rheumatica,
glucocorticoid therapy is the treatment
of choice. However, there are two situa-
tions/questions for additional immuno-
suppressive therapies in these diseases:
(i) therapy resistance to glucocorticoid
mono-therapy; (ii) situations which
call for sparing of glucocorticoids such
as in complications of glucocorticoid
therapy. This review summarises the
current scientific debate on the effects
of methotrexate in these diseases. Meth-
otrexate at 10—15 mg/week appears
to have a modest and delayed effect
in GCA and PMR in reducing relapse
rate and lowering the cumulative dose
of glucocorticoid therapy. However, su-
periority of combination therapy in re-
ducing the incidence of glucocorticoid-
related complications has not been
shown yet. The effects of higher doses
and long-time effects as well as the effi-
cacy in patients with glucocorticoid-re-
sistance and complications are unclear.
Methotrexate may thus be considered
as adjunctive therapy to glucocorticoid
therapy in glucocorticoid-resistance or
complications. Further attempts should
be made for a better identification of
patients with glucocorticoid-refractory
courses and a more precise formulation
of guidelines on indication, optimal
dosing and duration.

Introduction

In large vessel vasculitis, including
giant cell arteritis (GCA) and Takayasu
arteritis (TA), as well as in polymyalgia
rheumatica (PMR), glucocorticoids ac-
tually are the treatment of choice (1, 2).
The relative lack of efficacy of immuno-
suppressant agents other than glucocor-
ticoids is remarkable and distinguishes
these diseases from other auto-inflam-
matory syndromes (3). Treatment with
medium to high doses of glucocorti-
coids (GC) usually suppresses inflam-
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matory activity dramatically, leading
to improvement of clinical symptoms
and prevention of disease-related com-
plications. It has been suggested that in
the majority of cases, PMR and GCA
are self-limiting disorders that burn out
within an average of six months to two
years from disease onset and, conse-
quently, glucocorticoid therapy can be
discontinued (4). However, there are
two situations, where the question for
additional immunosuppressive thera-
pies arises in these diseases: (i) therapy
resistance to glucocorticoid-mono-ther-
apy; (ii) for sparing of glucocorticoids,
for example in complications or difficult
situations of glucocorticoid therapy.

In the absence of evidence, the Euro-
pean League against Rheumatism (EU-
LAR) formulated recommendations for
the management of large vessel vascu-
litis on the basis of a consensus opinion
(1). It was recommended that an immu-
nosuppressive agent should be consid-
ered for use in large vessel vasculitis as
adjunctive therapy (1).

Methotrexate (MTX) is the drug that
has been most widely used and best
studied for potential disease-modifying
and glucocorticoid sparing effects in
the treatment of large vessel vasculitis
and polymyalgia rheumatica (1, 5-9).
This review summarises the available
studies of the combined therapy of glu-
cocorticoids and methotrexate in these
diseases. We focus on the treatment of
glucocorticoid-resistant patients and the
question, whether the combined thera-
py is superior to glucocorticoid mono-
therapy. Alternatively, azathioprine is
used (1, 10, 11); cyclophosphamide is
not well investigated (12); anti-TNF-
therapies were promising in refractory
cases, but not effective in controlled tri-
als (13-21); other biologic agents have
been used sporadically (22).

Giant cell arteritis
Giant cell arteritis affects the aorta and
its extracranial branches and occurs in



patients aged 50 years and older (2-4).
It is the most common primary system-
ic vasculitis in adults with an estimated
incidence of 32-290/million/year (1). It
frequently occurs together with the in-
flammatory syndrome of polymyalgia
rheumatica, around 40-60% of GCA
patients having features of PMR (4).
For treatment, Img/kg/day (maximum
60mg/day) prednisone equivalent as in-
itial dose are recommended (1, 2). Ap-
proximately 50% of patients with GCA
experience at least one severe disease
flare that requires prolonged gluco-
corticoid therapy (23-25). About 25%
of patients have a chronic-relapsing
course and may require glucocorticoids
for several years (4, 23, 25). Long-
term glucocorticoid-therapy can lead
to significant morbidity resulting from
glucocorticoid-related side effects, in-
cluding fractures, infections, diabetes,
hypertension, cataracts and other prob-
lems (26). In GCA, glucocorticoid-re-
lated events have been observed in up
to 86% of patients (25).

First case reports at the end of the
1980s (27) and subsequent small clini-
cal pilot studies since the beginning of
the 1990s reported on the efficacy of
low-dose methotrexate in the therapy
of glucocorticoid-resistant courses of
giant cell arteritis and primary use of
methotrexate in combination with con-
ventional glucocorticoid-therapy aim-
ing at glucocorticoid sparing and re-
duction of complications.
Glucocorticoid resistance in general and
especially in GCA is not well defined.
The phenomenon of glucocorticoid
resistance, manifested by the absence
of an expected response to treatment,
is also known for rheumatoid arthritis
and other inflammatory diseases and
occurs in about 30% of these patients
(28). Usually, waning of symptomatic
relief has been considered a sign of GC
resistance; however, in GCA the prob-
lem can be different. In a study with 41
patients with histologically confirmed
giant cell arteritis, all patients initially
received glucocorticoid treatment with
0.6 to Img/kg/day prednisone for three
to four weeks, followed by a gradual
reduction by a maximum of 5Smg each
week (29). When signs of activity oc-
curred, no reduction was undertaken or
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Table I. Possible “risk factors” for glucocorticoid resistance in GCA and PMR.

GCA  HLA DRBI1*04 positive genotype (29)
Strong initial systemic inflammatory response (30)
Coexistance of PMR and GCA (9, 31, 32)

PMR  High pre-treatment ESR (40)

Persistently increased IL-6 production (e.g. after 4 weeks of glucocorticoid therapy) (38, 41)

Persistently increased CRP levels (41)

Detection of subclinical large vessel vasculitis in PET (42)

the dose was increased to the previous
level. After two years, the therapeutic
status was investigated. Of the 41 pa-
tients, 9 patients (22%) were receiving
more than 20mg/day of prednisone,
due to clinical and/or laboratory exac-
erbation. It was suggested that patients
who require more than 20mg of pred-
nisone per day may be considered as
having glucocorticoid resistant disease
(29). Nowadays, this dose appears to be
very high. In recent times, TNF inhib-
iting therapies have been investigated
in GCA and PMR, and the first (suc-
cessful) observations were made with
infliximab in glucocorticoid-refractory
patients (13, 14, 21). Here, glucocorti-
coid-refractory patients were defined as
unable to reduce their prednisone dose
below 7.5-12.5 mg/day and to have ex-
perienced multiple vertebral fractures
(14, 19). However, in a larger group of
patients, significant effects of inflixi-
mab could not be shown (15).

There have been several attempts to
identify those patients who are destined
to develop glucocorticoid resistant dis-
ease in GCA/PMR in order to plan a ra-
tional alternative approach to treatment
(Table I). In patients with giant cell
arteritis a glucocorticoid requirement
above 20mg/d of prednisone was found
to be associated with the HLADRB1#04
antigen (regardless of the subtype) (29).
Patients with strong initial systemic in-
flammatory response (determined by
sedimentation rate >100mm/h, throm-
bocytosis >400,000/mL, haemoglobin
<11g/dL, leukocytosis >11000/mL, and
fever >37.5 degrees C) have prolonged
disease courses with more flares, requir-
ing higher glucocorticoid doses (30).
There is some evidence that patients
with coexisting GCA and polymyalgia
rheumatica may demand longer treat-
ment compared with those with GCA
or PMR alone (9, 31, 32).

In the past a glucocorticoid-sparing
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effect of MTX for glucocorticoid-re-
sistant GCA (and PMR) at a dose of
12.5mg/week has been described in
three case histories (27). However, a
randomised controlled trial of the effi-
cacy of MTX in glucocorticoid-resist-
ant GCA is not available.

In 2001/2002 the efficacy of meth-
otrexate in newly diagnosed GCA was
assessed in 3 prospective, double-blind,
randomised, placebo-controlled trials
(33-35). These studies have yielded
diverse results that led to discord-
ant conclusions (Table II). Thus, the
“methotrexate debate” is still going on
(36). In 2007 Mahr et al. re-evaluated
the data from these 3 RCTs in an indi-
vidual patient data meta-analysis (24).
The combined data set comprised 161
patients. This analysis could demon-
strate that methotrexate was effective
in preventing relapses, showing that
adjunctive treatment with methotrex-
ate in dosages of 7.5-15 mg/week in
GCA reduces the risk of a first relapse
by 35% and the risk of a second relapse
by 51%. In addition, treatment with
MTX decreased the cumulative expo-
sure to glucocorticoids, at week 48 by
842mg and at week 96 by 1101mg. Use
of MTX also increased the probability
of achieving sustained discontinuation
of glucocorticoids for >24 weeks. The
superior effect of MTX treatment over
placebo fully appeared only after 24-36
weeks. The rate of adverse events did
not differ between treatment groups.
In conclusion, methotrexate appears
to be effective in GCA. Due to the de-
layed effect, it cannot be recommended
as a replacement for glucocorticoids
at disease onset. As the incidence of
GC-related complications has not been
shown to decrease, the clinical impact
is finally questionable. Furthermore, it
remains unclear whether a longer fol-
low-up time would detect a difference
in glucocorticoid-related side effects
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Table II. Prospective, double-blind, randomised placebo-controlled trials (RCT) with
methotrexate in newly diagnosed giant cell arteritis.

Spiera et al. 2001 (35); Patient number: 21; Duration of study: Approx. 12-18 months

Glucocorticoid (GC) treatment:
Initially 1mg/kg/d;
Tapering: By the treating physician according to the clinical response
Relapse: Increase of GC upon decision of treating physician
Methotrexate Dose:
Initially 7.5 mg p.o./week; folic acid supplementation 1 mg daily;
Start: When GC dose reached 30mg/d
Relapse: Increase of MTX up to 20mg/week
Taper off: After remission/discontinuation of GC therapy by 2.5mg/month
Results: No difference in cumulative GC dose (6469 vs. 5908mg), duration of GC treatment (68 vs. 60
weeks) and adverse events.
Conclusion: The combination of MTX and GC has no GC-sparing effect.
Limitations: Low patient number; no standardised GC treatment protocol; low initial MTX dose and
late starting time point.

Jover et al. 2001 (34); Patient number: 42; Duration of study: Approx. 24 months

Glucocorticoid treatment:

Initially 60 mg/d; quick tapering

Relapse: Increase of GC to minimum amount that controlled disease
Methotrexate Dose:

Initially 10 mg p.o./week; folic acid supplementation 5 mg/d;

Start: Simultaneously to GC

Relapse: Increase of MTX by 2.5 mg/week
Results: Lower proportion of patients with at least one relapse (45 vs. 84%), lower cumulative GC dose
(4187 vs. 5489 mg) and shorter duration of GC treatment (median 29 vs. 94 weeks) in MTX group. No
difference in adverse events.
Conclusion: MTX is safe and more effective in controlling the disease than GC therapy alone.
Limitations: Low patient number; low MTX dose.

Hoffman et al. 2002 (33); Patient number: 98; Duration of study: Approx. 18-24 months

Glucocorticoid treatment:
Initially 1mg/kg/d, max. 60 mg/d; after 4 weeks tapering by 5 mg every 4 days; after 3
months every other day scheme; total duration of GC: 6 months
Relapse: Increase of GC to last effective dosage plus 10 mg/d
Methotrexate Dose:
Initially 0.15 mg/kg/week, increased to 0.25 mg/kg/week or max. 15 mg/week within 2
weeks; folic acid supplementation 5 mg/week
Start: Simultaneously to GC
Taper off: 12 months after achievement of remission by 2.5 mg/month
Results: No difference in proportion of patients with treatment failure (=2 distinct relapses or persist-
ent disease activity after the first relapse despite increased GC therapy) (at 12 months 57.5 vs. 77.3%),
cumulative GC dose (5375 vs. 5275 mg), duration of GC treatment (5.4 vs. 5.6 months) and adverse
events.
Conclusion: The adjunctive use of MTX to control disease activity or GC sparing is not supported.

Limitations: Relatively rapid GC tapering scheme; follow-up only for 12 months.

or whether methotrexate at higher dos-
ages of 15-25 mg/week would show
a higher efficacy or a more rapid ac-
tion. It is also unknown how effective
methotrexate would be when given in
patients with long-standing, glucocor-
ticoid-resistant disease.

Polymyalgia rheumatica

Polymyalgia rheumatica is an inflam-
matory disorder characterised by ach-
ing and morning stiffness of the shoul-
der, neck and pelvic girdle (2-4). The
symptoms appear to be related to syno-
vitis of proximal joints and extra-artic-
ular synovial structures. Like giant-cell

arteritis, polymyalgia rhematica affects
patients aged 50 years and older. PMR
is more frequent than GCA and a com-
mon disease, at least in Northern Eu-
rope and the USA with an estimated in-
cidence of 17.8 cases per 100,000/year
(2). About 16-21% of PMR patients
have been reported as having coinci-
dent GCA (4). For treatment of PMR
without GCA initial doses of 10-20 mg
prednisolone equivalent are adequate in
most cases (2, 6). In PMR glucocorti-
coid-related events have been observed
in 65% of patients (37). The risk of ad-
verse events is independently increased
by older age at diagnosis, female sex

S-174

and a cumulative dose of prednisone of
1800mg and more (37).

In regard to the disease course, PMR
patients have been divided into 3 dis-
tinct groups: patients who respond rap-
idly and require glucocorticoids for less
than 1 year with rare disease flares on
glucocorticoid tapering (in the study
8/27 patients); patients who respond
well initially but do not tolerate reduc-
tion to lower doses and have remitting
disease of more than 1 year (12/27
patients); and patients who have only
a partial response to the initial gluco-
corticoid regimen (7/27 patients) (38).
This approach could be helpful defining
subsets to identify patients that could
benefit from adjunctive therapies in fur-
ther studies.

In recent times anti-TNF therapies
have also been investigated in PMR,
and successful observations were made
with infliximab in glucocorticoid-re-
fractory patients (however not in the
whole group), who were not able to
reduce their prednis(ol)one-dose below
7.5-12.5 mg/day and had experienced
multiple vertebral fractures (19, 20).
Which patients do respond poorly
to glucocorticoid therapy? There are
no established criteria for monitor-
ing treatment and comparing alterna-
tive treatments regimens in PMR (and
GCA). However, EULAR has devel-
oped a core set of response criteria for
PMR including erythrocyte sedimenta-
tion rate or C-reactive protein concen-
trations, pain, physician’s global as-
sessment, early morning stiffness and
degree of elevation of the upper limbs
allowing to assess 90%, 70%, 50%, and
20% improvements, which occurred in
54%, 81%, 89%, and 95% of patients,
respectively (39). High pre-treatment
ESRs have been shown to correlate
with duration of treatment in PMR,
thus also being a prognostic factor (Ta-
ble I) (40). In the subset of PMR pa-
tients, who responded only partially to
the initial glucocorticoid dose and who
also required glucocorticoids for longer
than 1 year, Interleukin-6 production
remained elevated even after 4 weeks
of glucocorticoid therapy (although
their ESR had normalised) (38). Also,
in another study, persistently elevated
CRP and IL-6 levels were significantly



associated with an increased risk of re-
lapse/recurrence (whereas no patient
had persistently elevated ESRs) (41).
In a study using positron emission tom-
ography (PET) it was shown that a third
of PMR patients with glucocorticoid-
resistant disease have underlying sub-
clinical large vessel vasculitis in PET
(42). A high ESR and the presence of
systemic manifestations are predictors
of coexistent silent giant-cell arteritis in
polymyalgia rheumatica (2).

There is no controlled trial of metho-
trexate in patients with defined gluco-
corticoid-resistant PMR. In patients
with PMR previously receiving gluco-
corticoids where most patients required
prednisone =20mg/d for 3 months oral
methotrexate doses of 7.5mg/week (in-
creased to 10.0-12.5mg/week, accord-
ing to clinical response) used as com-
bination therapy for remission mainte-
nance did not show clinical or labora-
tory benefit after 9 months of follow-up
(43). There is one recently published
letter reporting on 5 patients with glu-
cocorticoid-resistant PMR which had
been shown to have subclinical large
vessel vasculitis by positron emission
tomography (42, 44). Glucocorticoid re-
sistance was defined as the impossibil-
ity to withdraw prednisolone treatment
before 2 years and to taper its dosage
to <7.5mg daily without exacerbations
(42). These patients were treated with
methotrexate 10 to 15mg/week in addi-
tion to the ongoing dose of prednisone
(7.5-18.75 mg/d). The combined treat-
ment with MTX and glucocorticoids
markedly improved the clinical con-
dition of all patients allowing mean
prednisone tapering from 13.1mg/d to
7.9mg/d. Also, laboratory parameters
and PET-CT uptake declined, however
not significantly, which is most prob-
ably due to the low patient number. The
results support the efficacy of MTX in
vasculitis, especially in the subset of pa-
tients with PMR or GCA who are also
affected by large vessel vasculitis (44).

The efficacy of methotrexate in newly
diagnosed PMR has been investigated
in 2 randomised controlled trials, also
with conflicting results and conclu-
sions (45-46) (Table III).

The results of the latter study, which was
based on a pilot study with intramuscu-
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Table III. Prospective, double-blind, randomised placebo-controlled trials (RCT) with
methotrexate in newly diagnosed polymyalgia rheumatica.

Van der Veen et al. 1996 (46); Patient number: 40 (6 with GCA); Duration of study: 12-24 months

Glucocorticoid treatment: Initially 20 mg/d; rapid tapering

Methotrexate dose: 7.5 mg p.o./week

Results: No difference in time to remission, duration of remission, number of relapses and cumulative
prednisone doses.

Conclusion: MTX in a dosage of 7.5 mg/week has no glucocorticoid-sparing effect

Limitations: Low MTX dose; high number of dropouts (19/40); inclusion of GCA patients (15%).

Carporali et al. 2004 (45); Patient number: 62; Duration of study: 18 months

Glucocorticoid treatment: Initially 25 mg/d; tapering to 0 mg/d within 24 weeks

Methotrexate dose: 10 mg p.o./week for 48 weeks; folic acid supplementation 7.5 mg/week

Results: Higher proportion of patients who discontinued GC therapy at 76 weeks (88 vs. 53%), lower
number of patients who had at least 1 flare-up (47 vs. 73%), lower total number of flare-ups (27 vs.
50), lower cumulative GC dose (2.1 vs. 2.97 g) in MTX group. No difference in adverse events. The
adjunctive effect was seen only after 48—76 weeks.

Conclusion: The combination of GC and MTX is associated with shorter glucocorticoid treatment and

glucocorticoid sparing.
Limitations: Low MTX dose.

lar methotrexate with positive outcomes
(47) suggest that oral methotrexate
started at disease onset and given for at
least 1 year at a dose of at least 10mg/
week may be effective in reducing the
time to discontinuation of glucocorti-
coid therapy, the incidence of relapses
and the cumulative glucocorticoid dose
required to maintain remission (45).
However, like in GCA a decreased rate
and severity of glucocorticoid-related
adverse events could not be demonstrat-
ed, questioning the superiority of the
combined therapy. It is unclear whether
methotrexate at higher doses would be
of higher efficacy or more rapid action
and how effective methotrexate would
be in patients with long-standing, GC-
resistant disease. Thus, the “tantalising”
debate in PMR seems to go on (48).

Concerning the similar rate of side ef-
fects it was argued that a general limi-
tation might have been that patients
at the highest risk for glucocorticoid
toxicity were excluded by the exclu-
sion criteria as well as 12-24 months
of follow-up may be insufficient to de-
tect many glucocorticoid-related side
effects (45). The average time from
starting glucocorticoid treatment to a
first side effect had been reported as 1.6
years (37). Recently, long-term follow-
up data of 57 polymyalgia rheumatica
patients enrolled in the previous study
were presented (49). The patients were
reviewed again after 5 years. MTX-
treated patients had lower ESR (17 vs.
2mm/h, p=0.08) and CRP (2.7 vs. 10.2
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mg/L, p=0.04) 6 years from initiation
of therapy. However, there was no sig-
nificant difference in the rate of side
effects. There was also no significant
difference in the mean cumulative glu-
cocorticoid dosage and the frequency
of flare-ups. One third of patients of
both groups still needed glucocorticoid
treatment after 6 years (31% vs. 39.3%
in controls), demonstrating that PMR is
not an unproblematic condition.

Takayasu arteritis

Takayasu arteritis typically occurs in
females under the age of 40 years and
is less common than giant cell arteritis
with an annual incidence of 0.4-2/mil-
lion/year (1). About 50 % of all patients
with Takayasu arteritis have chronic
active disease for which glucocorti-
coid therapy alone does not provide
sustained remission (50). Methotrexate
has been investigated in Takayasu ar-
teritis in one open-label study in refrac-
tory cases only (50). Weekly adminis-
tration of MTX 15-25 mg/week (mean
stable dose of 17.1mg) and glucocorti-
coids resulted in a high remission rate
of 81% (13 of 16 patients) (50). Of
those patients who achieved remission,
8 (50%) had sustained remissions of 4—
34 months (mean 18 months), and 4 of
this group did not require GC or MTX
therapy for 7-18 months (mean 11.3
months). Three patients experienced
disease progression in spite of treat-
ment. Patients were followed up for a
mean period of 2.8 years. Randomised
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double-blind placebo-controlled trials
and long-term studies to confirm the
results are lacking.

Conclusion

Methotrexate at 10—15 mg/week seems
to have a modest and delayed effect
in patients with giant cell arteritis and
polymyalgia rheumatica in reducing re-
lapse rate and lowering the cumulative
dose of glucocorticoid therapy. Howev-
er, superiority of combination therapy
in reducing the incidence of glucocorti-
coid-related complications has not been
shown yet. Due to the delayed effect,
MTX cannot be recommended as a re-
placement for glucocorticoids at disease
onset. It is unclear yet whether a longer
follow-up time would detect a differ-
ence in glucocorticoid-related side ef-
fects or whether methotrexate at higher
dosages of 15-25mg/week would show
a higher efficacy or a more rapid ac-
tion. It is also unknown how effective
methotrexate would be when given in
patients with long-standing, glucocor-
ticoid-resistant disease or patients with
glucocorticoid-induced complications.
The evidence for the (probably existing)
efficacy of methotrexate in Takayasu
arteritis is weak. Methotrexate may be
thus considered as adjunctive therapy
to glucocorticoid therapy in glucocor-
ticoid-refractory courses or complica-
tions due to glucocorticoid therapy in
patients with large-vessel vasculitis
and polymyalgia rheumatica. Attempts
should be made for a further develop-
ment of response criteria as well as a
precise definition of glucocorticoid-re-
sistance and differentially responding
subsets of patients in order to identify
patients in which an adjunctive therapy
is indicated. Risk factors for glucocor-
ticoid-resistance should be evaluated
systematically. Further randomised con-
trolled studies on indications, optimal
dosing and duration of methotrexate
therapy are required, in order to be able
to formulate more precise guidelines on
treatment.

Methods

A literature research was conducted for
papers published up to May 2010 in
MEDLINE and/or PubMed (National
Center for Biotechnology Information,

National Institutes of Health). Only pa-
pers in English language were reviewed.
The search strategy included the key
word methotrexate combined with the
keywords polymyalgia rheumatica, gi-
ant cell arteritis, large vessel vasculitis,
Takayasu arteritis, respectively.
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