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Abstract Giant cell arteritis (GCA) and polymyalgia
rheumatica (PMR) are two closely related diseases in people
aged 50 years and older, which are more frequently observed
in Western countries. Despite being common entities, concern
still exists about the epidemiology, pathogenesis, and diagno-
sis of both entities. New imaging techniques, such as 18
fluorodeoxyglucose-positron emission tomography, have
proved to be useful in detecting large-vessel involvement in
GCA. Corticosteroids are the cornerstone of the therapy in
GCA and PMR. Relapses are frequent in these conditions.
Unlike methotrexate and tumor necrosis factor-α antagonists,
anti-interleukin-6 receptor therapy appears to be useful in pa-
tients with GCA and PMR who are refractory to corticoste-
roids. This review summarizes recent studies on GCA and
PMR.
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Introduction

Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR)
are common and frequently overlapping conditions affecting

individuals aged 50 years and older [1, 2]. GCA affects large
and middle-sized blood vessels with predisposition to the in-
volvement of cranial arteries derived from the carotid artery
[1, 2]. PMR is characterized by pain and stiffness involving
the shoulder girdle, proximal aspects of the arms, the neck,
and the pelvic girdle [1, 2]. Approximately 40–60 % of indi-
viduals with GCA have PMR manifestations. In some cases,
PMR may also be the presenting symptom of GCA [2].

An English language literature reviewwas conducted using
the PubMed database. It was mainly focused on studies pub-
lished in the last 2 years. Recent data on epidemiology, path-
ogenesis, diagnosis and clinical manifestations, in particular
those derived from large-vessel arteritis involvement and new
drugs used in the management of these conditions, are
discussed in the review.

Epidemiology

Both GCA and PMR are more common in Western countries,
in particular in white individuals of Scandinavian background
[1]. PMR is two to three times more common than GCA. A
north-south gradient in the incidence of these conditions was
seen in Europe with high rates in Sweden and Norway (gen-
erally more than 20 new cases of GCA per 100,000 individ-
uals aged 50 and older per year) and lower incidence in South-
ern Europe (annual incidence rate 10 cases per 100,000 people
aged 50 years and older in northwestern Spain) [3]. A recent
study that showed information from the UK Clinical Practice
Research Datalink supported information from previous stud-
ies that showed a higher incidence of GCA in women, in
particular in the 70–79-year-old age group [4•]. This study
also confirmed that GCA is often associated with PMR [4•].
Incidence of GCA and PMR is lower in Hispanic, Asian, and
African-American populations [1]. As the population through-
out the world continues to age, an increased prevalence of the
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disease should be expected. A recent study described for the
first time information on the incidence of biopsy-proven GCA
in Australia [5•]. According to results from this survey, age at
onset and female predominance (female to male ratio 2.3)
were similar to those reported in other Western countries [1,
3, 5•]. Another study focused on the epidemiology of GCA in
Mexican mestizos confirmed the claim that GCA is uncom-
mon in Latin America [6•].

A genetic component, in particular in patients with biopsy-
proven GCA, has been reported [7]. In this regard, a strong
association with HLA-DRB*04 alleles was found [7]. New
studies also indicate that GCA is a polygenic disease. Gene
polymorphisms located outside the MHC region that have
been implicated in the pathogenesis of different autoimmune
diseases, such as PTPN22, may also account for the increased
risk of GCA [8••]. A recent review article emphasized the
potential relevance of gene polymorphisms that influence the
immune and inflammatory responses (including cytokines,
adhesion molecules, and regulators of innate immunity) as
crucial players in the development and progression of GCA
[9••].

Pathogenesis

Both the humoral and cellular immune systems have been
implicated in the pathogenesis of GCA. The inflammatory
infiltrate in the affected vessels is predominantly composed
of lymphocytes and macrophages and also frequently contains
multinucleated giant cells of the Langerhans or foreign body
type (often in close proximity to the fragmented internal elas-
tic lamina) [10]. The majority of lymphocytes are CD4-
positive Tcells. Identical Tcell clones have been isolated from
multiple vasculitic sites, thereby suggesting a response to a
specific antigen [10]. CD8-positive T cells may also be in-
volved. NKG2D is an activating receptor found on NK cells
and CD8 T cells. Dejaco et al. disclosed that NKG2D is func-
tionally expressed on CD4CD28(−) and CD8 T cells in GCA
and PMR. According to these authors, NKG2D ligands that
are present in temporal arteries of these patients may be im-
plicated in the pathogenesis of these conditions as they may
co-stimulate NKG2D-expressing T cells [11•]. Samson et al.
confirmed the implication of Th1 and Th17 lymphocytes in
the pathogenesis of PMR and GCA. These entities are char-
acterized by a significant shift in the Th17 cell/Treg cell bal-
ance toward an increased Th17 cell response [12••]. Also,
Treg cells are decreased in patients with these conditions
[12••]. Another recent study has disclosed that distribution
of B cells is disturbed in GCA and PMR and that B cells likely
contribute to the enhanced IL-6 response in both diseases
[13••]. In newly diagnosed patients with GCA or PMR, B cell
numbers inversely correlated with erythrocyte sedimentation
rates, C-reactive protein, and serum BAFF levels. In these

patients, tumor necrosis factor (TNF)-α-positive effector B
cells, but not interleukin-10-positive regulatory B cells, are
decreased. Interestingly, circulating numbers of effector B
cells normalize following corticosteroid therapy. The presence
of B cells in temporal artery biopsy (TAB) specimens from
GCA patients was scarce [13••].

Diagnosis

ATAB is the gold standard test for the diagnosis of GCA [14].
TAB is generally performed on the most symptomatic size
[14]. However, due to the segmental inflammatory involve-
ment of the temporal artery, a contralateral biopsy may be
considered to confirm a pathologic diagnosis of this vasculitis
in patients in whom clinical suspicion of GCA is high [14].
Ultrasonography (US) of the temporal artery is another useful
tool to make a diagnosis of GCA. High-resolution color
Doppler US can show both the vessel wall and the lumen of
the temporal artery. A concentric hypoechogenic mural thick-
ening, dubbed “halo” that is the result of vessel wall edema, is
a very specific and sensitive sign for GCA [15]. Other positive
findings in the temporal artery of patients with GCA are the
presence of occlusion and stenosis [15]. A meta-analysis sup-
ported the diagnostic value of the US-derived halo sign, the
dark hypoechoic circumferential thickening around the artery
lumen, indicating vasculitic wall edema, in GCA [16]. This
meta-analysis disclosed a sensitivity of 68 % and a specificity
of 91 % for the unilateral halo sign, as well as 43 and 100 %,
respectively, for the bilateral halo sign in temporal artery US
for GCA diagnosis, when the 1990 American College of
Rheumatology classification criteria were used as the refer-
ence standard. Therefore, the halo sign in US is useful to make
a diagnosis of GCA [16].

Due to the high specificity for GCA when a hypoechoic
halo around the lumen of the temporal artery is observed, an
issue of potential interest was to determine whether color du-
plex US-guided TAB performed at the site of the halo could
prevent false-negative histological results and be useful for the
diagnosis of GCA. To address this question, Germanò et al.
compared color duplex US-guided TABwith standard TAB in
a prospective cohort of unselected patients with suspected
GCA [17••]. They assessed 105 patients seen at the Rheuma-
tology Unit of the Reggio Emilia Hospital for suspected GCA
in whom a TAB had been performed over a 3-year period
[17••]. The study revealed that color duplex US-guided TAB
does not result in a higher frequency of patients with positive
TAB [17••]. Based on their results, in the presence of a posi-
tive halo sign at color duplex US, the probability of a positive
TAB is equally high, regardless of whether the biopsy is guid-
ed by this technique or by a physical examination [17••]. A
TAB performed at the site of halo did not provide a greater
yield of positive TAB compared to standard TAB [17••].
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These results are in keeping with a former study that disclosed
that the presence of abnormalities of temporal arteries on the
physical examination is associated with high predictive value
for a positive TAB [18].

Although the disruption of the internal elastic lamina along
with granulomatous inflammation with a mononuclear infiltrate
and the presence of multinucleated giant cells are typical path-
ologic findings in the TAB of patients with GCA, multinucle-
ated giant cells are only observed in 40–50 % of cases [14]. In
this regard, the inflammatory infiltrate found in a TAB is broad,
and the differences may have clinical implications. Of note,
inflammatory infiltration of the TAB may be observed in pa-
tients with other conditions different from GCA such as
ANCA-associated vasculitis or primary amyloidosis [19•].

With regard to the use of US in PMR, a comprehensive
systematic review of the literature on this issue confirmed that
US of the shoulders is a useful tool in the management of
patients with PMR [20•]. Shoulder abnormalities obtained
by US, in particular when findings such as bursitis and teno-
synovitis of the long head of the biceps tendon are found in
both shoulders, occur more frequently in patients with PMR
than in controls. However, in the absence of suggestive clin-
ical features, the presence of isolated US abnormalities should
not lead to a diagnosis of PMR [20•].

Inflammation of the aorta and its branches may occur in
patients with GCA, although symptoms of aortic involvement
including aneurysms generally appear years after the diagno-
sis of this vasculitis [21]. Therefore, a systematic evaluation of
patients by imaging techniques such as magnetic resonance
imaging angiography and positron emission tomography
(PET) may be useful to disclose the actual clinical impact of
the extracranial involvement in patients with GCA as it may
be more relevant than it was previously thought. It is particu-
larly true in cases of aortitis involving the thoracic aorta or its
main branches, which often present without cranial ischemic
manifestations and are frequently associated with a negative
TAB.

Over the past decade, 18 fluorodeoxyglucose (FDG)-PET
has proved to be useful for detecting large-vessel arteritis in
the setting of GCA, which can involve the larger thoracic,
abdominal, and peripheral arteries [22]. It may be of particular
relevance for the diagnosis of GCA patients with uncommon
features such as fever of unknown origin or those presenting
with asthenia, anorexia, and weight loss without cranial ische-
mic manifestations. With respect to this, experts suggest that
PET may be more sensitive than other imaging techniques to
detect vessel inflammation in patients with large-vessel vas-
culitides in an early stage of the disease [22, 23••]. Although
other imaging techniques such as Doppler ultrasonography,
computed tomography, and magnetic resonance imaging are
able to demonstrate anatomical changes in the affected vessels
(mural thickening, dilatation and aneurysms, and enhance-
ment of perivascular connective tissue) when the

inflammatory process is well established, they are not sensi-
tive enough to diagnose early inflammatory changes that may
be potentially reversible [22, 23••].

FDG-PET has been found to be useful to disclose the pres-
ence of large-vessel vasculitis in some patients presenting with
PMR features [24]: (a) patients with PMRwho do not achieve
adequate corticosteroid response, (b) patients with PMR and
persistently elevated inflammatory markers, and (c) patients
with PMR and severe constitutional symptoms. In addition,
recent reports have revealed that FDG-PET is also very useful
in disclosing the presence of aortitis/large-vessel involvement
in well-defined conditions different from GCA or isolated
PMR [25, 26].

A review article indicates that the qualitative analysis of
18F-FDG uptake is the most widely adopted method to assess
the presence and grading the activity of GCA-related vascular
inflammation on 18F-FDG PET scan [23••]. This qualitative
analysis is useful in performing dichotomous assessment (i.e.,
confirm or exclude the presence of vascular inflammation)
and in grading the severity of vascular involvement according
to ordinal scales, with the 18F-FDG uptake of the vessel wall
being visually analyzed or compared with that of a reference
structure [23••]. Qualitative methods appear to be more spe-
cific than semiquantitative ones, but they have lower sensitiv-
ity [23••]. Interestingly, a recent prospective study that includ-
ed 43 consecutive patients seen at a medicine department from
a teaching hospital because of suspected large-vessel vasculi-
tis confirmed the presence of aortitis by a semiquantitative
analysis of PET-CT in 25 of them [27••]. The authors found
that images acquired 180 min after 18F-FDG injection and a
target to background ratio index of 1.34 had very high accu-
racy and were strongly recommended for the diagnosis of
aortitis in the clinical setting [27••].

Another issue of potential interest may be to establish
whether biomarkers of GCA and PMR would be useful as
diagnostic markers of these conditions. Baerlecken et al.
disclosed that autoantibodies against ferritin were more com-
mon in patients with GCA and with PMR than in other vas-
culitic disorders, blood donors, and controls [28•]. In this re-
gard, these authors found autoantibodies against the N-
terminal 27 amino acids of the human ferritin heavy chain in
92% of untreated GCA and PMR patients at disease onset and
in up to 69% of corticosteroid-treated patients with still active
disease [28•]. More recently, the same group of investigators
pointed out that the potential diagnostic test for GCA/PMR
can be improved by combining three human ferritin peptide
antibodies [29•].

Clinical Manifestations and Clinical Course

A recent review performed by Weyand and Goronzy high-
lights key clinical points to be kept in mind when dealing with
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GCA and PMR patients [30••]. They emphasized the need for
prompt diagnosis and treatment of anterior optic neuritis as it
may lead to permanent visual loss. They also mentioned that
the aorta and its major branches may be involved in one quar-
ter of GCA patients as well as the high frequency of relapses in
GCA and PMR when corticosteroid dose is tapered [30••]. A
recent study disclosed a high frequency of visual manifesta-
tions in an Italian cohort of GCA patients [31•]. The study also
confirmed that once blindness is established, it is usually per-
manent and this risk makes GCA an ophthalmological emer-
gency [31•, 32].

With the use of new imaging techniques such as FDG-PET,
large-vessel involvement has increasingly been recognized in
patients with GCA and less often in those with PMR [33••].
Aortic involvement in early GCA has been described in ap-
proximately one half to two thirds of patients using FDG-PET
scan [33••]. The recognition of this complication is of main
importance due to the risk of large-vessel complications,
mainly aortic aneurysm and dissection [21]. Muratore et al.
compared baseline variables, treatment, and outcome of pa-
tients with large-vessel GCA primarily involving the upper
extremities, defined as radiographic evidence of subclavian
vessel involvement, with those with cranial GCA [34••]. Pa-
tients with large-vessel involvement were younger and had a
longer duration of symptoms at the time of GCA diagnosis
than those with typical cranial GCA. They hadmore common-
ly PMR but less commonly cranial symptoms and visual loss
than those presenting with typical cranial manifestations of
GCA [34••]. They also had more relapses and required a lon-
ger duration of treatment [34••]. In keeping with these find-
ings, in a study that included patients with a suspicion of GCA
seen in two Italian centers in the last two decades, patients
with “isolated aortitis,” defined as increased FDG uptake in
the aorta not explained by atherosclerosis in the absence of
FDG uptake in other large vessels, were younger than those
with cranial GCA, with a predominance of men, and none of
them presented at any time the typical cranial symptoms of
this vasculitis [35•].

With regard to the lumbar pain observed in patients with
PMR, a recent study using magnetic resonance imaging
disclosed evidence of interspinous lumbar bursitis in 9 of 10
patients. Interestingly, moderate to marked lumbar bursitis
occurred more frequently in patients with PMR than in the
control group that included patients with spondyloarthritis,
osteoarthritis, and rheumatoid arthritis [36•].

A retrospective population-based study of uniformly treat-
ed patients with biopsy-proven GCA disclosed relapses in 71
(40.8 %) of 174 patients [37]. The duration of corticosteroid
therapy was significantly longer in those GCA patients who
had relapses of the disease. The median dose of prednisone
and the median duration of corticosteroid treatment at the time
of the first relapse were 5 mg/day and 16months, respectively.
Headache (52 %) was the most common feature at the first

relapse. PMR manifestations occurred in 30 % of the patients
at that time. However, none of them developed visual loss
[37]. A series of 106 GCA patients that were longitudinally
followed also disclosed a high frequency of relapses (64 %
had at least one relapse) [38•]. In this series, the first relapse
consisted of PMR in 51 %, cranial symptoms in 31 %, and
systemic complaints in 18 %. Relapses appeared predomi-
nantly, but not exclusively, within the first 2 years of treat-
ment, and only 1 patient developed visual loss [38•]. Relapses
are also common in patients diagnosed with isolated PMR
[39•].

Treatment

Corticosteroids are the cornerstone of the therapy in GCA and
PMR [14, 24, 30••]. Its use has dramatically reduced the fre-
quency of severe visual ischemic complications in patients
with GCA. In this vasculitis, the initial dose of prednisone or
its equivalent ranges between 40 and 60 mg/day, either as
single or divided dose for 3–4 weeks [14]. In isolated PMR,
the initial dose of prednisone is lower than in GCA, generally
15–20 mg/day [30••]. GCA patients without severe ischemic
complications experience rapid disease improvement with an
initial prednisone dose of 40 mg/day. However, higher corti-
costeroid doses, generally an initial dose of 60mg/prednisone/
day or methylprednisolone pulse therapy (1 g daily for 3 con-
secutive days), are used in GCA patients who present with any
of the severe ischemic manifestations, in particular with visual
loss [24]. There are data showing that not the absolute dose
but the time from the onset of symptoms to the first adminis-
tration of corticosteroids is predictive of improvement of vi-
sual loss. Visual improvement, generally partial, was only
observed in 8 (28 %) of 29 GCA patients who developed loss
of vision closely to their admission at the hospital [32]. The
main factor influencing the response to corticosteroids was the
therapeutic delay [32]. In this regard, 7 of 12 patients treated
within the first 24 h after the onset of visual loss had visual
improvement. However, when corticosteroid therapy was de-
layed for more than 1 day, only 1 of the remaining 17 patients
had some visual recovery [32]. These observations indicate
that corticosteroid therapy should not be delayed under any
circumstances in GCA patients with suspected visual impair-
ment. In patients with visual ischemic manifestations such as
amaurosis fugax or visual loss, intravenous methylpredniso-
lone pulse therapy (1 g daily for 3 consecutive days), followed
by 60 mg/prednisone/day for 3–4 weeks, is usually recom-
mended [14, 24]. A question that needs further investigation
is whether intravenous pulse methylprednisolone therapy may
be better than high-dose oral prednisone in reducing the inci-
dence of irreversible visual loss in GCA patients presenting
with recent visual ischemic manifestations. In our experience,
the efficacy of high-dosage oral prednisonewas comparable to
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intravenous pulse corticosteroid therapy [32]. However, larger
series of patients are needed to clarify this issue.

Most GCA manifestations other than blindness usually be-
gin to improve within 24 to 72 h after the onset of corticoste-
roid therapy. Also, normalization of the routine laboratory
parameters of inflammation (erythrocyte sedimentation rate
and C-reactive protein) occurs within 2–4 weeks after onset
of the therapy [24]. In patients with isolated PMR, rapid re-
sponse to prednisone is achieved within a week after the onset
of corticosteroid therapy, generally within the first 48–72 h
[30••]. Afterward, corticosteroid dose can be tapered.

Alternative corticosteroid-sparing drugs are considered in
patients with GCA or PMR who experience severe
corticosteroid-related side effects and/or in those patients
who require prolonged corticosteroid therapy due to relapses
of the disease. However, a recent meta-analysis of published
data indicates that in most cases, prednisolone/prednisone
combined with adjunctive immunosuppression is not superior
to prednisolone/prednisone alone in terms of efficacy and
safety in GCA [40•]. With respect to this, there was no clear
benefit of anti-TNF-α therapy (infliximab or adalimumab) in
these patients [40•]. A former meta-analysis of three random-
ized placebo-controlled trials performed to reevaluate the ef-
ficacy and safety of adjunctive low-dose methotrexate (MTX)
in GCA had already disclosed a modest role of MTX (10–
15 mg/week) in reducing relapse rate and lowering the cumu-
lative corticosteroid dose [41]. Although in a small series that
included 12 patients with PMR and 11 with GCA leflunomide
appeared to be effective as a corticosteroid-sparing agent in
difficult-to-treat patients, further studies on this drug are nec-
essary to confirm its usefulness in the management of these
conditions [42•]. The humanized monoclonal anti-interleukin-
6 receptor tocilizumab appears to be a biologic agent effective
and relatively safe in patients with inflammatory aortitis re-
fractory to corticosteroids or to other biologic immunosup-
pressive drugs [43•]. This drug led to rapid improvement in
a series of 16 patients with aortitis who had failed to respond
to corticosteroids and in most cases to MTX [43•]. Toci-
lizumab both as monotherapy and in association with cortico-
steroids also appears to be effective and safe in the treatment
of patients with PMR [44•].

Outcome

Previous population-based studies did not show an increased
incidence of cancer in GCA [45, 46]. Although a systematic
review meta-analysis suggested that a low but statistically
significant increased risk of cancer might exist among patients
with GCA and PMR, when a study with potential selection
bias was excluded from the meta-analysis, the new pooled risk
ratio did not achieve statistical significance [47•].

Patients with biopsy-proven GCA and traditional cardio-
vascular risk factors or permanent visual loss have an in-
creased risk of suffering strokes, in particular in the
vertebrobasilar territory [48]. A recent study indicates that
GCA is associated with increased risks for myocardial infarc-
tion, cerebrovascular accidents, and peripheral vascular dis-
ease [49•]. However, there were important limitations in this
study such as lack of information on TAB and a substantial
amount of missing data on cardiovascular risk factors [49•].
Another recent study suggests that patients using statins are
less likely to develop GCA compared with patients not using
statins. However, among patients diagnosed with GCA, the
presenting clinical features and acute-phase reactants were
similar in patients receiving statins compared with those not
on statin therapy [50•].

Conclusion

GCA and PMR are common conditions in individuals aged
50 years and older. A TAB is the gold standard test for the
diagnosis of this vasculitis. FDG-PET is useful in disclosing
the presence of large-vessel vasculitis in patients with GCA.
Corticosteroids are the cornerstone of the therapy in GCA and
PMR. However, relapses are common. Unlike MTX and
TNF-α antagonists, anti-IL-6 receptor therapy appears to be
a promising therapy to be considered in the management of
patients with GCA and PMR who are refractory to
corticosteroids.
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