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Abstract
Glucocorticoid monotherapy has been the mainstay treatment of giant cell arteritis (GCA) for decades. We aimed to evaluate the
role of leflunomide as a steroid-sparing agent in GCA. This open-label study included incipient GCA patients followed for at
least 48 weeks at a single secondary/tertiary rheumatology centre. At the time of diagnosis, patients received glucocorticoids. At
week 12 of follow-up, leflunomide 10mg qdwas recommended as an adjunctive therapy to all patients without contraindications.
The decision to start the leflunomide was patient-dependent. The number of relapses, a cumulative glucocorticoid dose during
follow-up and treatment-related adverse events (AE) were recorded and compared between glucocorticoid-only and leflunomide
groups. Seventy-six patients (65.8% female, median (IQR) age 73.7 (66.1–78.8) years) were followed for a median (IQR) 96
(86–96) weeks. Thirty out of 76 (39.5%) patients received leflunomide at week 12 (leflunomide group); the others continued
treatment with glucocorticoid (glucocorticoid-only group). During the first 48 weeks of follow-up, 22 patients relapsed, 4
(13.3%) in leflunomide group and 18 (39.1%) in glucocorticoid-only group. The difference was statistically significant (p =
0.02; NNT 3.9 (95% CI 2.2–17.4)). Furthermore, 17/30 (56.7%) patients in the leflunomide group managed to stop glucocor-
ticoid at week 48 (with one relapse (5.9%) shortly afterwards). The cumulative glucocorticoid dose at the last visit was lower in
the leflunomide group than in the glucocorticoid-only group (p = 0.01). Our findings indicate the steroid-sparing effect of
leflunomide in GCA.
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Introduction

Giant cell arteritis (GCA) is the most common primary vas-
culitis of large and medium-sized arteries in theWestern coun-
tries [1]. It is a rheumatologic emergency. Early diagnosis and
timely initiation of anti-inflammatory treatment can prevent at
least some of the severe complications, e.g. permanent loss of
vision [2–4]. The glucocorticoids, with their quick onset of
action, have been the anchor drug in GCA for decades.
Unfortunately, almost a half of the patients relapse during
the glucocorticoid tapering [4]. The chronic and persistent

disease course leads to disease-related damage accrual, and
adverse events complicate the prolonged immunosuppressive
treatment [5]. Several different conventional synthetic and bi-
ologic disease-modifying anti-rheumatic drugs (csDMARDs,
bDMARDs) have been investigated for their steroid-sparing
effect in GCA. Only tocilizumab has persuasively showed a
superior efficacy compared to glucocorticoids [6, 7].
However, bDMARDs are contraindicated in some patients
and are associated with a significant cost. Among
csDMARDs, methotrexate has been probably the most com-
monly used in GCA, despite the very modest evidence
supporting its use and its relatively slow onset of action
[8–10]. Even if methotrexate was effective, it is contraindi-
cated in chronic kidney disease, which is common in the pop-
ulation most often affected by GCA.

Leflunomide that has been shown to be effective and safe
not only in rheumatoid arthritis, but also in systemic vasculit-
ides, e.g. granulomatosis with polyangiitis and Takayasu ar-
teritis, was never formally studied in GCA [11–14]. It has
shown promise in two case series of relapsing or persistently
active GCA or polymyalgia rheumatica [15, 16]. In both, the
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clinical and laboratory response to leflunomide was swift,
present already in a median of 2 and 3 months, respectively,
and enabled a glucocorticoid dose reduction or even discon-
tinuation. A recent meta-analysis of GCA treatments did not
emphasise the role of leflunomide [17].

To date, no study has explored the effectiveness of
leflunomide as a part of a treatment plan in an incipient
GCA population. Our main objective was to assess the
glucocorticoid-sparing potential of leflunomide in new-onset
GCA and then also explore its safety profile.

Methods

Setting

This prospective observational study was performed at the
Department of Rheumatology, University Medical Centre
Ljubljana, a secondary/tertiary level teaching hospital, using
our previously described, fast-track protocol that was imple-
mented over 6 years ago [4]. Most of the GCA cases from the
region representing approximately a half of the Slovenian
population are managed at our department.

Patients

We included patients diagnosed with GCA between July 2014
and December 2016. The diagnosis of GCAwas based on the
corresponding clinical and laboratory features, and the posi-
tive result of a temporal artery biopsy (TAB) or colour
Doppler sonography (CDS) or positron emission
tomography/computed tomography (PET/CT).

Baseline evaluation and follow-up

Baseline patient work-up included a thorough history of the
GCA symptoms, comorbidities, a complete physical exami-
nation, extensive laboratory and imaging tests or TAB.

Follow-up visits with predetermined clinical and laboratory
tests were performed at 4, 12, 24, 48, 54 (± 2), and at 96 (± 2)
weeks after diagnosis by two rheumatologists (AH or RJ).
Additional unscheduled visits were arranged for patients
who relapsed during the glucocorticoid tapering, or after glu-
cocorticoid discontinuation.

We recorded the number of relapses during the first
48 weeks of treatment, as well as a cumulative glucocorticoid
dose for each patient at the last follow-up visit.

Treatment strategy and patient stratification

In line with the EULAR recommendations, we started treating
all the patients with glucocorticoids at the time of the GCA
diagnosis [18]. The initial dose of oral methylprednisolone

was 0.8 mg/kg body weight qd, but no less than 32 mg qd
and no more than 48 mg qd. The patients with cranial GCA
complicated by ischaemic complications, e.g. visual distur-
bances, and all those with extracranial large vessel GCA ad-
ditionally received methylprednisolone 250 mg intravenously
for three consecutive days prior to oral methylprednisolone.

The glucocorticoid taperingwas started after 2 to 4 weeks.
The dose was reduced by 4 mg weekly down to 16 mg qd,
then 2 mg each other week down to 8 mg qd, then 1 mg
monthly down to maintenance dose 4 mg qd. At week 48,
we discontinued the glucocorticoids in patients in the
leflunomide group who were in remission during the first
48 weeks of follow-up. The patients in the leflunomide group
with a relapse and those who chose to remain in the glucocor-
ticoid-only group continued the treatment with the lowest ef-
fective glucocorticoid dose even after week 48.

At week 12, the add-on therapy with leflunomide 10 mg qd
was proposed to all patients without contraindications for
leflunomide (e.g. liver failure, bone marrow suppression).
The final decision for the treatment with leflunomide was
brought by each patient alone.

If GCA relapsed, i.e. worsened during the glucocorticoid
taper after an initial remission, the methylprednisolone was
temporary increased by 8–12 mg qd on top of the last previ-
ously effective dose and leflunomide (10 mg qd) was added in
the patients who were not already on it. In patients that re-
lapsed while on both methylprednisolone and leflunomide,
the methylprednisolone dose was increased as described
above and the dose of leflunomide was escalated from 10 to
20 mg qd. Leflunomide was replaced with methotrexate
15 mg weekly in the patients with active vasculitis and an
adverse event attributable to leflunomide, or if leflunomide
20 mg qd was ineffective.

Adverse events

We meticulously recorded any adverse events with a particular
focus on the following 16 adverse events attributable to either
glucocorticoids or leflunomide: severe infections (defined as
the need for antibiotic therapy or hospital admission), skin
bruises, skin ulcers, steroid diabetes, steroid myopathy, osteo-
porotic fracture, cataracts, hair loss, weight loss, diarrhoea, sig-
nificant increase of blood pressure (with the need to increase
antihypertensive therapy), bone marrow toxicity, leflunomide-
induced pneumonitis, skin rash and polyneuropathy.

Statistical analysis

As described above, the patients were stratified into
glucocorticoid-only and leflunomide groups. The categorical
variables were summarised as medians and interquartile
ranges or means with their standard deviations and the cate-
gorical values as percentages. To test for differences between
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the observed groups, we used the Mann-Whitney test for met-
ric, and the Fisher’s exact test for categorical variables.
MedCalc Version 12.2 was used for the statistical analyses.

Ethics committee approval

The study was approved by the Slovenian National Medical
Ethics Committee.

Results

Baseline patient characteristics and treatment

During the 30-month period, we identified 85 new GCA
cases. The nine patients who died before the week 48 of the
follow-up were excluded from the analysis. Three of these
patients succumbed to a stroke, five to infection and one com-
mitted suicide. Three of these nine patients were treated with
both glucocorticoids and leflunomide, and the remaining six
with glucocorticoids only.

The baseline demographic and clinical characteristics of
the 76 patients (67% female), who were followed for at least
48 weeks, are presented in Table 1, column A. Their median
age (IQR) was 73.3 (66.1–78.8) years and the median (IQR)
disease duration timewas 30 (21–60) days. Forty-one (53.9%)
patients had cranial GCA, and the others extracranial large
vessel involvement. Forty-three (56.6%) patients initially re-
ceived an intravenous methylprednisolone pulse. The mean
(SD) starting dose of oral methylprednisolone was 47 (6) mg
qd, or 0.7 (0.1) mg/kg body weight qd.

Follow-up and patient stratification

At week 12, 30 (39.5%) patients started leflunomide 10 mg qd
(i.e. the leflunomide group) and 46 (60.5%) patients chose not
to (i.e. the glucocorticoid-only group) as depicted in Fig. 1.
There were no significant differences in the baseline charac-
teristics between the leflunomide and glucocorticoid-only
groups (Table 1, columns B and C). During the median
(IQR) follow-up of 96 (86–96) weeks, 22 (28.9%) patients
relapsed. The median (IQR) time to relapse was 26 (13–30)
weeks and the median (IQR) methylprednisolone dose at re-
lapse 6 (4–12) mg qd. Four (13.3%) and 18 (39.1%) patients
relapsed in the leflunomide and glucocorticoid-only groups,
respectively (Fig. 1). The difference in the relapse rates be-
tween the groups was significant (p = 0.020), with the number
needed to treat (NNT) for leflunomide of 3.9 (95% CI 2.2–
17.4) in the per protocol analysis. However, the significance
was lost in the intention to treat analysis (p = 0.50).

Relapses in the glucocorticoid-only group were treated
with increased doses of glucocorticoids and the addition of
leflunomide in 12 patients or methotrexate in one patient.

One patient from the leflunomide group stopped leflunomide
due to ineffectiveness defined as the second relapse after
leflunomide was increased 20 mg qd per protocol.

At week 48, the glucocorticoids were discontinued in 17/30
(56.7%) patients in the leflunomide group. One patient (5.9%)
relapsed shortly thereafter, and the other 16 (53.3%) remained
in remission up until their last follow-up visit.

At the last follow-up visit, there was a significant difference
between the cumulative glucocorticoid doses in the
leflunomide and glucocorticoid-only groups (4390 (4132–
5558) mg, vs. 5340 (4652–5792) mg, p = 0.01).

Adverse events

Sixty-four (84.2%) patients developed at least one of the listed
treatment-related adverse events. We observed 164 adverse
events (Table 2, column A). One hundred twenty-five
(76.2%) adverse events were attributed solely to glucocorti-
coids and 18 (11.0%) to leflunomide alone. Twenty-one
(12.8%) adverse events were attributable to the combination
of glucocorticoids and leflunomide.

Seven (23.3%) patients from the leflunomide group
stopped leflunomide due to one or more adverse events: four
had hair loss, two had diarrhoea, two lost weight and one had
elevated liver enzymes. The only adverse event that was sig-
nificantly more common in the leflunomide group was hair
loss with 40.0% vs. 14.7% in the glucocorticoid-only group,
p = 0.030. The patients recovered after stopping leflunomide.
None of the patients experienced bone marrow toxicity, pneu-
monitis or polyneuropathy.

Interestingly, severe infections were numerically but not sta-
tistically significantly lower in the leflunomide group than in the
glucocorticoid-only group (13.3 vs. 29.4%). The frequencies of
adverse events are shown in Table 2, columns B and C.

Discussion

The management of GCA remains challenging, despite our
better understanding of the disease pathogenesis, improved
diagnostic possibilities, utilisation of the fast-track protocols
and recently approved biologic therapy. Unanswered ques-
tions like the best initial treatment regimen in GCA, the length
of GCA treatment and the optimal way to handle a persistent/
relapsing disease make daily practice difficult. The glucocor-
ticoids have been the mainstay therapy for decades and only
recently tocilizumab was shown to be effective and glucocor-
ticoid sparing [7, 10]. Other conventional synthetic disease-
modifying anti-rheumatic drugs, e.g. methotrexate, have been
tried as glucocorticoid-sparing therapies in GCA without
much success [8, 19]. Leflunomide, which is effective and
safe in patients with rheumatoid arthritis and also in selected
vasculitides, has been thus far largely ignored in GCA
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although it may have therapeutic implications in GCA since it
inhibits dendritic cell maturation as well as monocyte and
lymphocyte activation and also the production of several cy-
tokines, including tumour necrosis factor alpha and interleu-
kins (ILs) IL-2, IL-6 and IL-12, and of metalloproteinases
(MMP 1, MMP 3, MMP 9), which were all implicated in
the pathogenesis of GCA [20–23].

The presented study is the first ever to assess the potential
therapeutic role of leflunomide in an incipient GCA popula-
tion. We focused on its potential steroid-sparing effect and
paid a close attention to its safety. In an intention to treat
analysis, we found no significant difference in terms of effec-
tiveness between the glucocorticoid-only and leflunomide

groups. However, in patients who tolerated leflunomide, its
addition to the standard glucocorticoid therapy significantly
decreased the frequency of relapses, with a NNT of approxi-
mately four patients at a significantly lower cumulative glu-
cocorticoid dose at week 96. The majority of our GCA pa-
tients who were treated with leflunomide remained in remis-
sion even after discontinuation of glucocorticoids at week 48.
This effect was reached already at the initial leflunomide dose
of 10 mg qd. Low-dose leflunomide was previously found to
be effective, with a rapid onset of response, in the two case
series on difficult to treat GCA [15, 16]. Although
leflunomide was well tolerated in our cohort, seven (23.3%)
patients discontinued leflunomide due to one or more adverse

Table 1 Baseline demographic
and clinical data Characteristic A B C

All Glucocorticoid-only group Leflunomide group

No. of patients 76 46 30

Gender (F) % 65.8 60.9 73.3

Age (years)# 73.7 (66.1–78.8) 74.3 (66.1–79.8) 70.3 (64.8–76.8)

General symptoms (%) 77.6 76.1 80.0

PMR (%) 13.2 13.0 13.3

Headache (%) 65.8 58.7 76.7

Jaw claudication (%) 47.4 39.1 60.0

Visual symptoms (%) 19.7 19.6 20.0

Stroke (%) 2.6 4.3 0

TA-B (%) 82.8 81.6 85.0

CDS TA (%) 78.9 80.4 76.7

CDS LVV (%) 46.1 54.3 33.3

ESR (mm/h)# 79 (55–109) 85 (57–110) 72 (56–100)

CRP (mg/l)# 72 (44–127) 71 (42–130) 84 (48–123)

F female, # median, IQR PMR polymyalgia rheumatica, TA temporal artery, TA-B temporal artery biopsy, CDS
colour Doppler sonography, LVV large vessel vasculitis, ESR erythrocyte sedimentation rate, CRP C-reactive
protein

GCA  

85 pts 
FU >48 w?

18 pts
$

9 pts
#

76 pts

Leflunomide at w12?

YES

NO

NO

YES

46 pts

30 pts

Relapse?

Relapse?
NO

28 pts

YES

YES

NO
26 pts

4 pts

Fig. 1 Flow chart of GCA cases.
GCA giant cell arteritis, pts
patients; #death (causes: stroke 3
(2 ischemic, 1 haemorrhagic);
infection 5; suicide 1; 3 pts.
received leflunomide and 6 not);
$At relapse, patients in addition to
methylprednisolone increase,
received leflunomide (12) or
methotrexate (1)

294 Clin Rheumatol (2019) 38:291–296



events. This was comparable to the 25% drop-out due to ad-
verse events in the studies in rheumatoid arthritis, bearing in
mind that in those, the discontinuation rate correlated with a
higher loading dose of leflunomide [24]. Considering that hair
loss was the most common adverse event associated with
leflunomide, and there were no cases of serious adverse
events, e.g. leflunomide-related pneumonitis or leflunomide
hypersensitivity reactions, we speculate that the risk of persis-
tent and relapsing GCA and prolonged treatment with gluco-
corticoids in monotherapy outweigh the risk of the
leflunomide-related toxicity. Also, while we discontinued
leflunomide due to hair loss, glucocorticoids were not
discontinued in spite of their adverse events, even hair loss.
Supporting this view, the frequency of serious infections was
lower in the leflunomide group than in the glucocorticoid-only
group, suggesting that serious infections are mainly driven by
prolonged glucocorticoid use and the higher cumulative dose
of glucocorticoids in the glucocorticoid-only group. This dif-
ference was however not statistically significant.

The main strength of our study is its external validity since
it provides an insight into an alternative management option
for the most common adult vasculitis by means of a prospec-
tive inclusion of an unselected real-world GCA population
managed following a pre-defined systematic treatment and
follow-up plan. Its single-centre, open-label design and the
relatively small sample size preclude drawing any firm con-
clusions, but the observations nonetheless suggests that the
addition of leflunomide to the standard glucocorticoid regi-
men may at least warrant a more formal evaluation.

In conclusion, in our open-label study, adding leflunomide
to the EULAR-recommended glucocorticoid regimen in GCA
showed promise in reducing the relapse rate at a lower

cumulative glucocorticoid dose in over three quarters of pa-
tients who tolerated the therapy.
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