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!�!/#! � *�� ��� �� 1�� *�- ����* � $#/��� #!� "�"��� *����-�!�!��� �!� ���
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"����!%���*���!�-���! �- %;��%�3! �- %�(-�%��*�'�* ���������%� !����!����
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�����-��!� � *#��!��� ���� "��-����� <@� 1 ���� *��*�� �#� �"���%�(!�� "#�*��

-�$ �����#�"� !(���% ���!��5�?��!�%��* ���������-��!� �% ���% �*� ��������/ �
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�"�����*��������"���!���"��*���%%�(!�" �� ���%��%#��%�(!�%��!����� ���


������#!��5��%#����������.-�%��+#���)�%��� �� �������� �� ��5��%#������% - �

��� � ���� 2� �#�� ��-���� ��� �!)��-�%�(!� *��� ������ �� � �0���%��!����� �#!+#��

)��%#�!�����#�����������!� -M��%��2�"�����*���"��%�'�*���� � '���!�����!����

#!� :�H� 2� 9>P� *�� "�%��!���� *����� ���� �!�#���-��� 2G � *���%%�(!� �(���% ��

*#��!������ ��/#�-��!� � K-���#��./0������ ���������� 	

 
�1������2%�3� ��� ����

����
������������������������!L�����������������!�5���*����-���*������ ����*��

�#/��� �� #!�� *��-�!#%�(!� *�� ��� �#?� 5��%#���� 2� ��� �"���%�(!� *�� �;!� -���

��+#.-�% ���!��"� 0�-�*�-�!���#!�9@P�*��� ��"�%��!�����
"���!��-�!����

�������������+#��*���5�!�*���%�2�* ��(���% �� !�����+#������)�%��!�% !�-�2 ��

)��%#�!%���K(������������	
4 
���#����������������%�#������	
��
�1������2%�3����

���� ����L�� � �� "�%��!���� "#�*�!� "����!���� %��#*�%�%�(!� *�� �0���-�*�*����

��+#�-��� ���!��� ���� ��-����� ��� )�!(-�! � *�� ��2!�#*�� "�����������

"���).��%���2��!�%�� ��/��5���/�!/��!�����#�����������-���;���!�����!��!��*�*�

*�� � �� "#�� �� 2� �!� ��� "����(!� ��������� �!���� �-' �� '��? ��� ��;� % - � ���
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"�%��!����+#��1�!�"�*�%�* ��5�!� �� ��+#.-�% ���!�*�5������� %���?�%� !���

% - �% !��%#�!%���*��#!��
���K5����0���������6���#��	
��
��7����8���*��2%����

����	
��L��

�

��� "�#�'�� *�� ���%%�(!� "���� ��� *��/!(���% � *�� ��� �!)��-�*�*� ��� ���

'� "����*������������-" ����������% -�!*�'���+#����!/��#!��� !/��#*�*��<���

=�%-�2��+#���������� !����!)��-�� ��������*�����'#2�!�*��) �-��"��%1��*���

� �  '���!���� �(� � ��� 93=P� *�� � �� "�%��!���� % !� '� "���� !�/���5�� ���!�!�

��/! �� *�� 
��� �!� ��� '� "���� % !������������ � �� ��!� �� C!�%�-�!��� � ��

"�%��!����% !��;!� -���-#2��#/����5 ��*��
���*�'��;�!������ -���* ����

#!����/#!*��'� "�����!����%�� �*��+#�����"��-����! �1�2����* �*��/!(���%��

K$������ 9������ �� ������� 	
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-���%�!� � ���/��  )� �1�#-�� � /2� K
��L� "���� ���

%����)�%�%�(!�*������5��%#����������.-�%�����

�

��� ��%������ ���������'��%��� !�% !���� '$���5 �*��%����)�%����+#��� ��

"�%��!����+#��"�*�%;�!�#!��5��%#����������.-�%���#!+#����!�%�!�� ��* !*��
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Efectos de RANKL sobre células del sistema inmune

Células 
dendríticas

� � supervivencia

� Activación células T

� Secreción citocinas

� Estimula respuesta inmune

� Maduración células B

� � supervivencia

� Activación celular

� Secreción citocinas

� Estimula presentación Ag

� � supervivencia

� Secreción citocinas

� Estimula respuesta inmune

� Quimiotaxis

Monocitos/Macrófagos

Linfocitos
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Efectos de RANKL y OPG en el sistema vascular
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A Strong Initial Systemic Inflammatory Response
is Associated With Higher Corticosteroid
Requirements and Longer Duration of Therapy in
Patients With Giant-Cell Arteritis
JOSÉ HERNÁNDEZ-RODRÍGUEZ, ANA GARCÍA-MARTÍNEZ, JORDI CASADEMONT, XAVIER FILELLA,
MARÍA-JOSÉ ESTEBAN, ALFONSO LÓPEZ-SOTO, JOAQUIM FERNÁNDEZ-SOLÀ,
ÁLVARO URBANO-MÁRQUEZ, JOSEP M. GRAU, AND MARIA C. CID

Objective. To assess whether the intensity of the initial systemic inflammatory response is able to predict response to
therapy in patients with giant cell arteritis (GCA).
Methods. Retrospective review of 75 patients (49 women and 26 men) with biopsy-proven GCA who had regular followup
and were treated according to uniform criteria. Four parameters were used to evaluate the baseline inflammatory
response at diagnosis: fever, weight loss, erythrocyte sedimentation rate > 85 mm/hour, and hemoglobin < 110 gm/liter.
Patients were considered to have a weak inflammatory response if they had 2 or fewer inflammatory parameters (group
1) and a strong inflammatory response if 3 or 4 parameters were present (group 2). Time required to achieve a
maintenance dose of less than 10 mg prednisone/day was recorded and analyzed by the Kaplan–Meier survival analysis
method. Tumor necrosis factor � (TNF�) and interleukin 6 (IL-6) serum levels were also determined in 62 patients and
15 controls.
Results. Forty patients had a weak (group 1) and 35 had a strong (group 2) initial inflammatory response. Patients in
group 2 had significantly higher levels of circulating TNF� (31.9 � 16.8 versus 22.3 � 9 pg/ml; P � 0.01) and IL-6 (28.2 �

17.4 versus 16.6 � 13 pg/ml; P � 0.004) than patients in group 1. In group 1, 50% of patients required a median of 40 weeks
(95% CI 37–43) to reach a maintenance dose of <10 mg, whereas in group 2 a median of 62 weeks (95% CI 42–82) was
necessary (P � 0.0062). Patients in group 2 experienced more flares than patients in group 1 (P � 0.01) and received
higher cumulative steroid doses (8.974 � 3.939 gm versus 6.893 � 3.075 gm; P � 0.01).
Conclusion. GCA patients with a strong initial systemic inflammatory reaction have more elevated circulating levels of
IL-6 and TNF�, have higher and more prolonged corticosteroid requirements, and experience more disease flares during
corticosteroid therapy than patients with a weak systemic acute phase response.
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INTRODUCTION

Giant cell (temporal) arteritis (GCA) is a chronic granulo-
matous vasculitis preferentially targeting large- and medi-
um-sized arteries (1). Most of the classic disease manifes-

tations result from symptomatic involvement of the
carotid artery branches. Typical symptoms include head-
ache, jaw claudication, scalp tenderness, and a variety of
aches in the craniofacial area (1,2). Ischemic complica-
tions derived from vessel occlusion include visual loss
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Esteban, MD, Alfonso López-Soto, MD, Joaquim Fernández-
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mainly due to anterior ischemic optic neuritis and, less
frequently, stroke or scalp necrosis (3).

In addition to the above-mentioned clinical manifesta-
tions, GCA is a disease characterized by a prominent sys-
temic inflammatory reaction (1–3). The acute phase re-
sponse to infection or injury is a complex and not
completely understood phenomenon that, globally, is
thought to be protective and meant to avoid excessive
tissue destruction. It encompasses a series of reactions
distant from the areas of inflammation in which many
organs and systems participate. As a consequence, such
clinical manifestations as fever, anorexia, weight loss, he-
matologic abnormalities (i.e., anemia and thrombocytosis),
biochemical alterations (acute phase protein synthesis),
and metabolic changes (i.e., increased lipolysis and
muscle loss) characteristically occur. This systemic reac-
tion to injury is driven by proinflammatory cytokines,
mostly interleukin 1 (IL-1), tumor necrosis factor �

(TNF�), and IL-6, which are produced mainly by macro-
phages at the sites of inflammation. Although most cyto-
kines act in an autocrine/paracrine fashion, proinflamma-
tory cytokines drive the acute-phase response in a distant,
systemic way. They have pleiotropic effects on a variety of
cells that, in turn, secrete a wide array of products. A
complex network of stimulatory and inhibitory mediators
determines, eventually, the intensity of the acute phase
response (4,5).

Approximately 50% of GCA patients experience fever
and weight loss. Most patients have remarkably elevated
erythrocyte sedimentation rates (ESR) and chronic anemia
(1–3). Acute phase proteins such as C-reactive protein
(CRP), orosomucoid, and haptoglobin are elevated in a
substantial proportion of patients (3,6,7). However, the
intensity of the acute phase response is highly variable
among patients. Patients with no constitutional symptoms
(3,8) and normal or near-normal ESR have been reported
repeatedly (3,9–12). The mechanisms underlying this vari-
ability have not been investigated.

Corticosteroids are the treatment of choice for patients
with GCA; they rapidly relieve most symptoms in the
majority of cases. However, the duration of corticosteroid
therapy is highly variable (13,14). Some individuals
achieve a sustained remission after a few months of treat-
ment. Most patients require 1–2 years of therapy and some
patients require long-term corticosteroid therapy. Some
patients are able to maintain remission with less than 10
mg/day of prednisone, and other patients require at least
20 mg/day to remain asymptomatic (13–15). Corticoste-
roid-related morbidity is elevated in patients with GCA,
and iatrogenic complications are heavily influenced by the
intensity and duration of corticosteroid treatment (14,16).
To date, no clinical or analytic parameters have been iden-
tified that can consistently predict the intensity and dura-
tion of corticosteroid therapy in a large and homogeneous
cohort of people with GCA.

The goals of our study were to determine whether cir-
culating levels of proinflammatory cytokines are related to
the intensity of systemic inflammatory response in GCA
and to assess whether the intensity of the systemic inflam-
matory response may be an indicator of the magnitude and
duration of corticosteroid treatment.

SUBJECTS AND METHODS

The study group consisted of 75 patients, 49 women and
26 men, with biopsy-proven GCA diagnosed and treated at
our Internal Medicine Department over a 14-year period.
Patients were selected consecutively among those who
had regular followup. Patients who were transferred to
another institution or treating physician, had low compli-
ance, or died early (within 3 months) in the course of the
disease were excluded. Although this study is retrospec-
tive in design, patients included were evaluated and
treated by the authors according to uniform criteria. The
treatment schedule began with an initial prednisone dose
of 1 mg/kg/day (up to 60 mg/day) for 1 month. Subse-
quently, prednisone was tapered by 5 mg/week. Reduc-
tions below 20 mg/day were slower and individualized. A
rate of 2.5 mg every 3 months was attempted. A disease
flare was considered when ESR rose above 50 mm/hour
and disease-related manifestations (cranial symptoms,
polymyalgia rheumatica, fever, or malaise) appeared or
hemoglobin fell below 110 gm/liter. When clear and wors-
ening symptoms occurred with a normal or slightly ele-
vated ESR, a flare was also considered. When ESR rose
with no clinical symptoms or anemia, the maintenance
dose was held until it went back to normal or a flare could
be defined. When a disease flare was suspected, pred-
nisone was increased to 10 mg above the previous effective
dose; to be fully considered a flare, symptoms had to remit
after adjusting the prednisone dose.

Data recorded at entry included age, sex, number and
type of cranial symptoms, transient or permanent ischemic
complications, polymyalgia rheumatica, fever (�37°C),
weight loss (�5 kg), duration of clinically symptomatic
disease before diagnosis and time (weeks) of followup.
Laboratory parameters included ESR, CRP, hemoglobin
(Hgb), haptoglobin, �-glutamyl transpeptidase, alkaline
phosphatase, albumin, �2-globulin, and platelet count.

To evaluate the initial systemic inflammatory response,
the following 4 parameters were considered: fever, weight
loss, ESR � 85 mm/hour, and Hgb � 110 gm/liter because
they have been previously demonstrated to be useful in
discriminating patients at high and low risk of developing
ischemic events (3). Patients were considered to have a
weak systemic inflammatory response when they had 2 or
fewer inflammatory parameters (group 1) and a strong
systemic inflammatory response when they had 3 or 4
parameters (group 2). The time (weeks) required to achieve
a maintenance dose of �10 mg prednisone per day and the
cumulative dose of prednisone received at that point were
recorded. The number of flares and the number of patients
out of treatment at the end of followup were also included.

Sera was obtained from 62 patients (36 from group 1 and
26 from group 2) with active disease and from 15 age- and
sex-matched healthy individuals. Aliquots were frozen
and stored at �80°C until use. IL-1�, TNF�, and IL-6
concentrations were determined by enzyme-linked immu-
nosorbent assay (ELISA). Commercially available ELISA
kits for TNF� were obtained from Medgenix (Fleurus, Bel-
gium) and kits for IL-1� and IL-6 from Genzyme (Minne-
apolis, MN). The assays were performed according to the
manufacturer’s instructions.
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Fisher’s exact test was used for qualitative comparisons.
For quantitative comparisons among groups of individu-
als, Student’s unpaired t test was employed. The Pearson’s
correlation coefficient was used. The time required to
achieve a maintenance prednisone dose of �10 mg/day
was compared between group 1 and group 2 by the
Kaplan–Meier survival analysis method.

RESULTS

According to the previously mentioned criteria, 40 pa-
tients had a weak (group 1) and 35 had a strong (group 2)
systemic inflammatory response at first evaluation. The
main clinical findings in both groups of patients are sum-
marized in Table 1. In accordance with previously re-
ported data (3,17,18), ischemic events were significantly
more frequent in patients with a weak systemic inflamma-
tory response. No differences were found in the distribu-
tion of other major clinical manifestations between both
groups of patients except for the clinical criteria (fever and
weight loss) used to define them. No differences existed in
the duration of clinically apparent disease between the
groups, suggesting that differences in the intensity of the
systemic inflammatory response may be constitutive

rather than reflect early or late time points in the course of
the disease. No differences existed in the duration of fol-
lowup.

In addition to Hgb and ESR values employed as criteria
to define both groups of patients, parameters related to the
acute phase response, such as CRP, haptoglobin, platelet
count, and �2 globulins, were more elevated in patients
with a strong systemic inflammatory reaction (Table 2). In
contrast, albumin, a negatively-regulated protein during
the acute phase response, was lower in patients with a
strong systemic inflammatory reaction.

Circulating TNF� levels were moderately but signifi-
cantly higher in GCA patients (26.4 � 13.7 pg/ml) than in
controls (16 � 9.5 pg/ml; P � 0.007) (Figure 1). As was
shown previously (19–21), IL-6 concentrations were more
elevated in patients than in healthy controls (21.4 � 16
pg/ml versus 5 � 11 pg/ml; P � 0.0004) (Figure 2). In
addition, remarkable differences in the concentrations of
both cytokines were observed between patients with a
strong systemic inflammatory response and patients with a
weak inflammatory reaction. TNF� concentrations were
22.3 � 9 pg/ml in group 1 and 31.9 � 16.8 pg/ml in group
2 (P � 0.01) and IL-6 concentrations were 16.6 � 13 pg/ml
in group 1 and 28.2 � 17.4 in group 2 (P � 0.004) (Figures

Table 1. Clinical findings in patients with weak (group 1) and strong (group 2) systemic
inflammatory reactions

Clinical characteristics
Group 1
(n � 40)

Group 2
(n � 35)

General characteristics
Age in years, mean (range) 76 (57–90) 73 (58–87)
Sex, male/female 16/24 9/26
Duration of symptoms in weeks, mean (range) 14 (1–80) 16 (2–104)
Followup time in months, mean (range) 31 (4–84) 40 (4–166)

Cranial symptoms (%)
Headache 85 74
Jaw claudication 45 46
Scalp tenderness 52.5 43
Facial pain/edema 27.5 31
Abnormal temporal arteries* 83 79
Ocular pain 15 8.6
Tongue pain 7.5 3
Earache 22.5 31
Trismus 0 6
Carotidynia 5 3
Toothache 15 11
Odynophagia 7.5 23

Ischemics events (%) 30† 9
Amaurosis fugax 12.5 3
Established amaurosis 17.5 3
Transient diplopia 5 6
Permanent diplopia 5 0
Stroke 2.5 0

Symptomatic involvement of other vascular territories (%) 2.5 3
Systemic manifestations (%)

Fever 22.5‡ 77
Weight loss 32.5‡ 86
Polymyalgia rheumatica 40 46

* Prominent and hard arteries; pulse asymmetric, weak or absent; or inflammatory signs.
† P � 0.04 versus patients with a high inflammatory status.
‡ P � 0.0001

Inflammatory Response and Corticosteroids in GCA 31



1 and 2), indicating that TNF� and IL-6 may participate in
the development of the acute phase response in GCA.
TNF� concentrations correlated positively with ESR val-
ues (r � 0.364, P � 0.018) and haptoglobin levels (r �

0.448, P � 0.022), and negatively with hemoglobin con-
centration (r � �0.329, P � 0.033). Similarly, IL-6 levels
significantly correlated with CRP (r � 0.378, P � 0.025). In
contrast, IL-1� was below the detection threshold in most
patients and controls.

Corticosteroid requirements were significantly higher in
patients with a strong systemic inflammatory response.
While in group 1, 50% of patients required a median of 40
weeks (95% CI 37–43) to reach a maintenance dose of
prednisone lower than 10 mg/day; in group 2, 50% of
patients required a median of 62 weeks to reach mainte-
nance dose (95% CI 42–82; P � 0.0062) (Figure 3). The
cumulative dose of prednisone received during this period
was 6.893 � 3.075 gm in group 1 and 8.974 � 3.939 gm in

group 2 (P � 0.01). During the followup, 22 of 40 (55%)
patients in group 1 and 27 of 35 (77%) in group 2 experi-
enced at least 1 disease flare (P � 0.054). The main man-
ifestation of a GCA recurrance was headache in 29 flares,
polymyalgia rheumatica in 37, fever in 7, malaise in 12,
and anemia in 5. Headache was more frequent in flares of
patients in group 1 (17 versus 12; P � 0.0046) and malaise
was slightly more frequent in patients in group 2 (P �

0.0495). No additional differences in the nature of flares
were observed between groups. Nine (22.5%) patients in
group 1 and 18 (51.4%) in group 2 had more than 1 disease
flare (P � 0.01). At the end of followup, 17 (42.5%) pa-
tients in group 1 and 6 (17%) patients in group 2 were out
of treatment (OR 3.6; CI 95% 1.2–10.5; P � 0.02). Six
(15%) patients in group 1 and 7 (20%) patients in group 2
had died by the end of followup (P � NS).

Table 2. Blood chemistry and hematologic values in patients with weak (group 1) and
strong (group 2) systemic inflammatory reactions*

Parameter Group 1 mean (range) Group 2 mean (range)

ESR, mm/hour 80 (28–130)† 114 (65–147)
CRP, mg/dl 4.7 (0.5–25.5)‡ 12 (1.9–33.3)
Haptoglobin, gm/liter 3.221 (0.079–6.770)§ 4.877 (3.024–7.490)
Hemoglobin, gm/liter 120 (66–156)† 98 (75–119)
Platelets, � 109/liter 315 (105–493)¶ 378 (130–768)
Albumin, gm/liter 35 (24–42)# 32 (25–43)
�2-globulin, gm/liter 9 (5–18)¶ 10.4 (4.4–20)
Alkaline phosphatase,

units/liter
219 (139–450) 304 (98–1682)

�-glutamyl transpeptidase,
units/liter

32 (8–140) 63 (10–383)

* ESR � erythrocyte sedimentation rate; CRP � C-reactive protein.
† P � 0.0001 versus patients with a high inflammatory status.
‡ P � 0.001
§ P � 0.004
¶ P � 0.03
# P � 0.02

Figure 1. Box plots indicating range (error bars), 25–75% interval
and median valve (horizontal line) of serum tumor necrosis factor
(TNF)� levels in 62 patients with giant cell arteritis classified
according to the intensity of their systemic inflammatory response
as defined in the Subjects and Methods section, and in 15 age- and
sex-matched healthy controls.

Figure 2. Box plots indicating range (error bars), 25–75% interval
and median valve (horizontal line) of circulating concentrations
of interleukin 6 (IL-6) in 62 patients with giant cell arteritis
classified according to the intensity of their systemic inflamma-
tory response as defined in the Subjects and Methods section, and
in 15 age- and sex-matched healthy controls.
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DISCUSSION

GCA is a disease characterized by a strong acute phase
response, and proinflammatory cytokine transcripts,
namely IL-1�, TNF�, and IL-6 have been detected in tem-
poral artery lesions by reverse transcriptase–polymerase
chain reaction and in situ hybridization (22,23). However,
when evaluating the influence of these cytokines in the
development of the systemic inflammatory response, de-
termining circulating levels may be more significant than
their detection in tissue. First, most cytokines have insta-
bility sequences at their 3� untranslated region and are
subjected to a strict postranscriptional regulation, and the
amount of mRNA at a given time point may not represent
the actual resulting protein synthesis. Second, activated
circulating monocytes may also contribute to the produc-
tion of cytokines in the bloodstream (19,23); and third,
circulating levels of cytokines may better reflect their over-
all systemic effects. With the exception of IL-6, previous
attempts to determine circulating levels of cytokines have
been performed mostly in patients with polymyalgia rheu-
matica, including just a few patients with GCA (24–28). In
a homogeneous series of 19 and 20 patients with biopsy-
proven GCA, Roche et al (19) and Roblot et al (20) found
elevated levels of circulating IL-6 in patients with active
disease. A trend towards elevated levels of TNF� in pa-
tients versus controls was also found, but the difference
was not significant, probably due to the small number of
patients included and to the fact that, according to our
data, TNF� may only be elevated in a subset of patients. In
an extended prospective followup study including 25 pa-
tients, Weyand et al (21) found IL-6 to be a sensitive
marker of disease activity, but no correlation with clinical
findings was investigated. In the present study of a large
and homogeneous series of patients with biopsy-proven
GCA, we found elevated levels of both TNF� and IL-6 in
sera from active patients compared to controls. In addi-
tion, in active patients, IL-6 levels correlated with CRP
concentrations; TNF� levels correlated positively with
haptoglobin and ESR values and inversely with Hgb con-
centrations. Both TNF� and IL-6 levels were significantly
higher in patients with strong overall systemic inflamma-
tory reaction evaluated with previously established clini-
cal and analytic parameters. Taken together, these data
indicate an important role for circulating TNF� and IL-6 in
the pathogenesis of the acute phase response in GCA. In

contrast, although IL-1� mRNA can be detected in tempo-
ral artery lesions from patients with GCA (22,23), serum
IL-1� levels were below the detection threshold in most
patients. This result supports the concept that tissue cyto-
kine mRNA may not correlate with circulating cytokine
concentrations and suggests a less relevant participation of
IL-1� in the generation of the systemic inflammatory re-
sponse in GCA.

Corticosteroid requirements are highly variable among
patients with GCA (13–15). Although some patients
treated for a few months sustain remission, others require
long-term therapy and higher-than-desirable maintenance
prednisone doses with their ensuing iatrogenic complica-
tions (13–16). To date, no clinical or analytic findings able
to predict the outcome of patients with GCA have been
identified in large and homogeneous series of patients. Our
results indicate that the intensity of the initial systemic
inflammatory reaction is a major predictor of disease du-
ration and corticosteroid requirements. Patients with a
strong initial systemic inflammatory response evaluated
with previously established clinical and analytic parame-
ters have more disease flares and require a significantly
longer duration of corticosteroid therapy. A similar trend
has been observed by other investigators. In this regard,
Weyand et al (29) found that elevated pretreatment ESR
was associated with longer duration of corticosteroid treat-
ment in a series of 27 patients with polymyalgia rheu-
matica.

We have previously published that patients with a
strong inflammatory reaction have a lower risk of devel-
oping ischemic complications (3). The reason the intensity
of the initial systemic inflammatory response is able to
delineate patient subpopulations with different prognoses
is unknown. As suggested by our results, an intense sys-
temic inflammatory reaction may reflect higher proinflam-
matory cytokine production. Higher cytokine production
may be constitutive in some patients, caused by more
widespread inflammatory lesions; by a more sustained,
self-perpetuating, inflammatory response; or due to a com-
bination of these or other factors. The intensity of the acute
phase response probably reflects upstream cytokine and
growth factor production, which influences vessel perme-
ability and remodeling and determines the fate of inflam-
matory lesions in GCA (30–35). In this regard, we have
previously shown that patients with strong systemic in-
flammatory reactions have more striking inflammation-
induced angiogenesis and expression of endothelial adhe-
sion molecules for leukocytes in their lesions (36,37).
Taken together, our data suggest that some patients would
develop an obliterative, self-limiting disease with high risk
of vessel occlusion and ischemic events, whereas other
patients would develop a chronic self-perpetuating dis-
ease. In the latter, continuous release of unknown media-
tors would prevent vessel occlusion, and neovessels
would, at distal sites, compensate for ischemia but, at the
same time, would continue recruiting leukocytes through
adhesion molecule expression. The intensity of acute
phase response, although probably an epiphenomenon de-
rived from more directly related upstream events, would
be able to distinguish between these 2 disease patterns.

Our data suggest that different cytokine production

Figure 3. Percentage of patients requiring a maintenance dose of
prednisone equal or greater than 10 mg/day over time.
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might, at least partially, account for these 2 different dis-
ease patterns. Both IL-6 and TNF� levels correlated with
the intensity of the inflammatory response in our patients.
TNF� is upstream of IL-6 production in many macrophage
responses and it is one of its major inducers (4,5,38,39).
Perhaps TNF� blockade, which appears to be promising in
several chronic inflammatory disorders including rheuma-
toid arthritis and inflammatory bowel disease (40–43),
and which is currently being tested in other vasculitides
such as Wegener’s granulomatosis (44), might also be of
help for GCA patients, particularly those with strong sys-
temic inflammatory response and high TNF� who, accord-
ing to our results, have higher and longer corticosteroid
requirements.
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17. González-Gay MA, Blanco R, Rodrı́guez-Valverde V, Mar-
tı́nez-Taboada VM, Delgado-Rodrı́guez M, Figueroa M, et al.
Permanent visual loss and cerebrovascular accidents in giant-
cell arteritis: predictors and response to treatment. Arthritis
Rheum 1998;41:1497–1504.
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Treatment With Statins Does Not Exhibit a
Clinically Relevant Corticosteroid-Sparing
Effect in Patients With Giant Cell Arteritis
ANA GARCÍA-MARTÍNEZ, JOSÉ HERNÁNDEZ-RODRÍGUEZ, JOSEP M. GRAU, AND MARIA C. CID

Introduction
Giant cell arteritis (GCA) is a chronic granulomatous vas-
culitis preferentially targeting large- and medium-sized
vessels in aged people. The inflammatory lesions eventu-
ally lead to vessel occlusion and 
15% of patients develop
cranial ischemic complications, particularly visual loss
(1,2).

The granulomatous nature of GCA lesions, with the fre-
quent presence of multinucleated giant cells, has classi-
cally suggested a delayed-type hypersensitivity reaction
but the potential triggering agents remain unknown (1–3).
CD4 T cells infiltrating the vessel wall display a T helper
type 1 functional differentiation with copious production
of interferon � (IFN�), a major cytokine in macrophage
activation (3). Activated macrophages produce angiogenic
factors and proinflammatory cytokines, such as interleu-
kin-1�, tumor necrosis factor �, and interleukin-6 (IL-6)
(2,3). These mediators amplify the inflammatory response
by inducing endothelial cell adhesion molecules for leu-
kocytes and chemokines, and by generating new vessels
through which additional leukocytes may subsequently
invade the vessel wall (2,4–7). Macrophages also partici-
pate in tissue destruction by producing oxidative damage
and secreting metalloproteases, and in tissue repair by
secreting fibrogenic cytokines that eventually may lead to
vessel occlusion with its ensuing ischemic complications
(3).

Corticosteroids are, at present, the treatment of choice
for patients with GCA (1–3). Although their ability to

modify the course of the disease or to cure it is question-
able, corticosteroids induce dramatic functional changes
in GCA lesions both in humans and in human arteritis–
severe combined immunodeficient mouse chimeras
(4,8,9). These functional changes result in a rapid relief of
symptoms and prevention of ischemic complications.
However, therapeutic requirements are highly variable
among patients. Some patients achieve persistent remis-
sion of the disease within a few months, whereas others
present recurrent relapses and need maintenance doses of
corticosteroids for long periods of time.

Sustained corticosteroid therapy has been associated
with the development of dyslipidemia by inducing insulin
resistance, increasing the hepatic synthesis of very low-
density lipoproteins and triglyceride, enhancing the activ-
ity of hydroxymethylglutaryl-coenzyme A (HMG-CoA) re-
ductase, and inhibiting lipoprotein lipase. Moreover,
studies in vitro have demonstrated that corticosteroids
inhibit the activity of the low-density lipoprotein (LDL)
receptor leading to an increase in LDL levels in patients
(10–13). For that reason, some patients diagnosed with
GCA receiving corticosteroid therapy may require lipid-
lowering agents during their followup.

HMG-CoA reductase inhibitors, statins, are widely and
effectively used as hypolipidemic agents. They competi-
tively inhibit HMG-CoA reductase, the rate-limiting en-
zyme in cholesterol biosynthesis. Treatment with statins
results in a reduction of the cholesterol levels through a
decrease in cholesterol synthesis and by increasing the
expression of hepatic LDL receptors, which clear LDL and
LDL precursors from the bloodstream (14). Numerous clin-
ical trials have demonstrated that statins reduce coronary
heart disease mortality and the incidence of cardiovascu-
lar events (14–16). Recently, it has been demonstrated that
statins also have antiinflammatory properties, through var-
ious mechanisms (14). The effect of statins on the inflam-
matory component of atherosclerosis is considered to be
an important mechanism through which statins reduce
cardiovascular events and death (14,17,18). Furthermore,
statins have demonstrated to be of therapeutic benefit in
animal models of chronic inflammatory conditions (19–
21) and have been shown to reduce graft rejection in heart
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and kidney transplantation in humans, even at low or
moderate doses (22).

The objective of this study was to evaluate whether
concomitant use of statins had any significant impact in
the outcome of patients with GCA in terms of corticoste-
roid requirements, frequency of relapses, and disease ac-
tivity markers.

Patients and Methods
The study group consisted of 54 biopsy-proven GCA pa-
tients (38 women and 16 men) aged 76 years (range 57–91
years) selected among those diagnosed during the past 7
years. Patients eligible were those who had not received
statins at all (group 1) and those who had received statins
for at least 12 months during GCA treatment, starting be-
fore the diagnosis of GCA or during the first year of corti-
costeroid therapy (group 2). Patients who did not fit into
these categories were excluded. Although this study is
retrospective in design, these patients were prospectively
evaluated at baseline as part of other ongoing studies and
they all were treated by the authors according to uniform
criteria. Patients included were treated with corticoste-
roids at an initial prednisone dosage of 1 mg/kg/day (up to
60 mg/day) for 1 month. Subsequently, prednisone was
tapered by 10 mg/week. Reduction below 20 mg/day was
slower and individualized. A further reduction to a main-
tenance dose of 10 mg/day was attempted over a 2-month
period. If tolerated, a reduction to 7.5 mg/day was tried
after 
3 months. If the erythrocyte sedimentation rate
(ESR) rose to �40, corticosteroid dose was held. If disease-
related symptoms (cranial manifestations or polymyalgia
rheumatica), persistent malaise, or anemia occurred, the
prednisone dosage was increased by 10 mg/day above the
previous effective dose. All patients had a sustained and
regular followup for an average of 2.8 years (range 9
months to 6.7 years).

Variables recorded were time (in weeks) required to
reach a prednisone maintenance dosage �10 mg/day, not
followed by a relapse during at least 3 months, and cumu-
lative dose of prednisone received at that point. ESR and
serum C-reactive protein (CRP) were determined at base-
line evaluation, before starting therapy, and serially during
followup.

Student’s t-test was used for statistical comparison be-
tween quantitative variables. Fisher’s exact test was em-
ployed for contingency tables. Time required to achieve a
maintenance prednisone dosage �10 mg/day was com-
pared between group 1 and group 2 by the Kaplan-Meier
survival analysis method.

Results
Thirty-seven patients did not receive statins at all during
the followup period (group 1) and 17 received statins for
2.7 years (range 1–6.5 years; group 2). The type and dos-
ages of statins received are displayed in Table 1. No evi-
dence of secondary adverse effects attributable to statins
was observed during the followup.

No differences in age, sex, clinical manifestations, or
disease duration before diagnosis were observed between
the groups (Table 2). They also had a similar intensity of

the initial systemic inflammatory response assessed by
clinical or analytic parameters (Tables 2 and 3). This is
important because patients with a weak acute-phase re-
sponse may require less corticosteroid (23).

No differences in corticosteroid requirements were
found between both groups: patients who had not received
statins required a median of 27 weeks (95% confidence
interval [95% CI] 22–32) to reach a maintenance pred-
nisone dosage �10 mg/day, and patients who had received
statins required a median of 40 weeks (95% CI 21–59, P �

0.39; Figure 1). The mean � SD cumulative dose of pred-
nisone received until the patients reach a maintenance
dose of �10 mg/day was 5.7 � 2.3 gm in group 1 and
5.81 � 2.1 gm in group 2 (P � 0.87). Nineteen (51.3%)
patients in group 1 relapsed during the first year compared

Table 1. Type and dose of statins used

Simvastatin, 10–40 mg: 7 patients
Lovastatin, 10 mg: 3 patients
Atorvastatin, 10 mg: 4 patients
Pravastatin, 10 mg: 3 patients

Table 2. Clinical findings in patients not receiving
statins (group 1) or under therapy with statins (group 2)

Clinical characteristics
Group 1
(n � 37)

Group 2
(n � 17)

General characteristics:
Age, mean (range) years 76 (58–91) 75 (57–86)
Sex, no. male/female 10/27 6/11
Duration of symptoms, mean

(range) weeks
17 (1–96) 24 (2–104)

Followup time, mean (range)
months

33 (9–81) 33 (12–78)

Cranial symptoms (%)
Headache 86.4 88.2
Jaw claudication 45.9 47
Scalp tenderness 51.3 64.7
Facial pain 24.3 29.4

Ischemic events (%)
Amaurosis fugax 10.8 5.8
Permanent visual loss 16.2 5.8
Diplopia 10.8 5.8

Systemic manifestations (%)
Fever 32.4 35.2
Polymyalgia rheumatica 43.2 41.1
Weight loss 35.1 52.9

Table 3. Baseline laboratory parameters reflecting acute
phase response in patients not receiving statins (group 1)

and those under statin therapy (group 2)*

Parameter
Group 1 (n � 37)

mean (range)
Group 2 (n � 17)

mean (range)

ESR, mm/hour 89 (28–131) 87 (24–130)
CRP, mg/dl 7.4 (0.5–30.4) 7.9 (0.4–20.2)
Albumin, gm/liter 35 (24–44) 35 (28–41)
Hemoglobin, gm/dl 11.2 (8.3–14.5) 11.9 (9.6–14)
Haptoglobin, gm/liter 3.87 (1.72–7.49) 3.77 (1.87–6.77)

* ESR � erythrocyte sedimentation rate; CRP � C-reactive protein.
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with 5 (29.4%) in group 2 (odds ratio [OR] 2.4, 95% CI
0.71–8.15, P � 0.24). Six (16.2%) patients in group 1 and
3 (17.6%) in group 2 suffered more than 1 relapse during
the first year (OR 0.88, 95% CI 0.19–4.01, P � 1). As
shown in Figures 2 and 3, ESR and CRP values were
equivalent in both groups, at baseline evaluation and at
every time point during followup.

Discussion
Although corticosteroids induce a rapid remission of clin-
ical manifestations in GCA, 30–50% of patients have dis-
ease exacerbations during corticosteroid tapering, espe-
cially during the first 2 years (1,2). Population-based
analyses have shown that only 50% of patients are able to
successfully discontinue therapy after 2 years (24–28).
The numerous complications associated with corticoste-
roid therapy (24–28) have urged the pursuit of corticoste-
roid-sparing agents. The use of immunosuppressive agents
has been assayed in isolated cases and uncontrolled small
series (29–31), with the exception of methotrexate, which
has been tried in 3 double-blind, placebo-controlled trials
with variable results (32–34).

As mentioned, HMG-CoA reductase inhibitors, statins,
have antiinflammatory and immunosuppressive proper-
ties (14,21,35). Statins decrease major histocompatibility
complex class II antigen expression induced by IFN� in a
variety of cells and decrease T cell activation and prolif-
eration (19,35). Statins are able to block interactions be-
tween lymphocyte integrin lymphocyte function–associ-
ated antigen 1 (LFA-1) and its counterreceptor
intercellular adhesion molecule 1 by locking LFA-1 inte-
grin in a nonadherent conformation status (36); they are
also able to downregulate endothelial adhesion molecules
(37). Given the important role of LFA-1 in contact-depen-
dent T-cell activation and lymphocyte–endothelial cell
interactions required for lymphocyte transmigration into
tissues, this effect may have immunodepressive and anti-
inflammatory consequences. In addition to these experi-
mental observations, treatment of humans with statins ac-
tually results in a decrease of circulating molecules that
are known to participate in inflammatory reactions, such
as soluble adhesion molecules (P-selectin) chemokines
(IL-8 and monocyte chemotactic protein 1), and acute
phase proteins (CRP) (38–40). In addition, statins also
have effects on vessel wall components. Statins restore
endothelial cell function assessed by nitric oxide produc-
tion and decrease smooth muscle cell proliferation and its
ensuing intimal hyperplasia (14,18). Consequently, statins
influence a variety of immune pathways, inflammatory
cascades, and vascular responses to inflammatory media-
tors that are known to play a significant role in the patho-
genesis of GCA (2–4,6,7).

We did not observe a significant benefit derived from the
use of statins on disease outcome in patients with GCA.
However, the conclusions of our study cannot be consid-
ered definitive given that it has several limitations. Al-
though all statins used had proven effects on inflammation
in other experimental conditions and were administered
in doses within the therapeutic range, the type and dose of
statins, as well as the duration of treatment, were variable
among patients. In addition, the doses used were in the
low to moderate range. Furthermore, even though these
patients were prospectively evaluated at baseline and pro-
spectively followed as part of other research projects, this
study was not randomized and was retrospective in de-

Figure 1. Percentage of giant cell arteritis patients achieving a
maintenance prednisone dose �10 mg/day over time.

Figure 2. Serial determination of erythrocyte sedimentation rate
(ESR) during followup in giant cell arteritis patients receiving or
not receiving statins.

Figure 3. Serial measurement of serum C-reactive protein (CRP)
in giant cell arteritis patients during followup with and without
statins.
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sign. Its retrospective nature, however, guarantees that
therapeutic decisions in terms of corticosteroid tapering
were not biased by the knowledge of whether or not pa-
tients were receiving statins. In spite of these limitations,
our data do not suggest that concomitant use of statins
during the first year of treatment has a clinically relevant
impact on disease outcome in individuals with GCA re-
ceiving corticosteroids. However, we cannot exclude that
at higher doses or with a more aggressive corticosteroid
tapering schedule, statins may show some clinically ap-
parent beneficial effects on disease activity and disease
duration in these patients. Yet, a potential benefit in later
stages of the disease (allowing an earlier corticosteroid
withdrawal in patients in sustained remission with low
corticosteroid doses) cannot be excluded from our data.
These possibilities deserve further investigation with pro-
spective, randomized trials.
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Infliximab for Maintenance of Glucocorticosteroid-Induced Remission
of Giant Cell Arteritis
A Randomized Trial
Gary S. Hoffman, MD; Maria C. Cid, MD; Karen E. Rendt-Zagar, MD; Peter A. Merkel, MD, MPH; Cornelia M. Weyand, MD;
John H. Stone, MD, MPH; Carlo Salvarani, MD; Weichun Xu, PhD; Sudha Visvanathan, PhD; and Mahboob U. Rahman, MD, PhD,
for the Infliximab-GCA Study Group*

Background: Tumor necrosis factor-� is present in arteries in giant
cell arteritis.

Objective: To evaluate the efficacy of infliximab, an anti–tumor
necrosis factor-� agent, in giant cell arteritis.

Design: Randomized, controlled trial.

Setting: 22 sites in the United States, the United Kingdom, Bel-
gium, Italy, and Spain.

Patients: 44 patients with newly diagnosed giant cell arteritis that
was in glucocorticosteroid-induced remission.

Intervention: Participants were randomly assigned in a 2:1 ratio to
receive infliximab (5 mg/kg of body weight) or placebo. Sixteen
patients were assigned to glucocorticosteroid plus placebo, and 28
patients to glucocorticosteroid plus infliximab.

Measurements: End points were measured through week 22,
when an interim analysis resulted in early stopping of the planned
54-week trial. Primary end points were the number of patients who
remained free of relapse through week 22 and adverse events.
Secondary end points were time to first relapse, biomarkers, cumu-
lative glucocorticosteroid dose, and the number of patients who
remained relapse-free while the glucocorticosteroid dosage was ta-
pered to 10 mg/d.

Results: Infliximab therapy did not increase the proportion of pa-
tients without relapse at week 22 compared with placebo (43% vs.
50%, respectively; difference, �7 percentage points [95% CI, �38
to 23 percentage points; P � 0.65), nor did it increase the propor-
tion of patients whose glucocorticosteroid dosages were tapered to
10 mg/d without relapse (61% vs. 75%, respectively; difference,
�14 percentage points [CI, �42 to 14 percentage points]; P �

0.31). The incidence of infection was 71% with infliximab and
56% with placebo (difference, 15 percentage points [CI, �14 to 45
percentage points]).

Limitations: The sample was too small to rule out modest effects
of infliximab and included only patients with a new diagnosis. Only
one dose of infliximab was evaluated, and the study was termi-
nated early.

Conclusions: This trial is too small to draw definitive conclusions,
but it provides evidence that using infliximab as maintenance ther-
apy in patients in glucocorticoid-induced remission of newly diag-
nosed giant cell arteritis is of no benefit and may be harmful.
If infliximab has benefit, it is unlikely to be great.

Ann Intern Med. 2007;146:621-630. www.annals.org
For author affiliations, see end of text.
*For a list of the members of the Infliximab-GCA Study Group, see the
Appendix (available at www.annals.org).
ClinicalTrials.gov registration number: NCT00076726.

In northern Europe and North America, the estimated
annual incidence of giant cell arteritis is 19 to 32 cases

per 100 000 persons older than 50 years of age. In Medi-
terranean countries, the annual incidence appears to be
lower: 6 to 10 cases per 100 000 persons (1–5). Treatment
with glucocorticosteroids dramatically alters the symptoms
and course of giant cell arteritis, reducing the likelihood
that the patient will develop blindness (6, 7). However,
relapses usually occur when glucocorticosteroid dosages are
tapered, resulting in frequent re-treatment and glucocorti-
costeroid dependence and toxicity (8–10). Approximately
80% of patients with giant cell arteritis will eventually ex-
perience at least 1 adverse event attributable to glucocorti-
costeroids, and about 60% will have 2 or more adverse
events. Compared with age- and sex-matched controls, pa-
tients with giant cell arteritis have an increased risk for
fractures and corticosteroid-related cataracts (9).

Adjunctive treatments are needed that would effec-
tively reduce the dose and duration of glucocorticosteroid
therapy and provide more durable remissions of giant cell
arteritis. Other investigators have evaluated the utility of
cytotoxic and anti-inflammatory agents in giant cell arteri-

tis. However, the reports have been anecdotal, of uncon-
trolled studies, or of controlled studies with conflicting
results in terms of efficacy (11, 12).

Increased knowledge of cell types and mediators
within vessels damaged by giant cell arteritis has led to
speculation about the potential therapeutic role of several
cytokine antagonists. Interleukin-1, interleukin-6, tumor
necrosis factor (TNF)–�, and interferon-� have been im-
plicated in contributing to vascular injury in patients with
giant cell arteritis (13–16). Published case studies reported
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that some patients with giant cell arteritis or polymyalgia
rheumatica who received the anti–TNF-� agent infliximab
had sustained remission and became glucocorticosteroid-
independent (17, 18). However, the investigators cau-
tioned that randomized, controlled studies were needed to
validate these results.

We report the results of the first randomized, placebo-
controlled, double-blind, multicenter trial of standardized
treatment with glucocorticosteroids and adjunctive treat-
ment with placebo or infliximab in patients with newly
diagnosed giant cell arteritis.

METHODS

Design
We designed a multicenter, randomized, double-blind,

placebo-controlled study to determine whether infliximab
added to a standardized program of glucocorticosteroid
therapy (equivalent daily doses of prednisone or pred-
nisolone) in patients with newly diagnosed giant cell arteri-
tis would decrease the frequency of relapse, cumulative
glucocorticosteroid requirement, and glucocorticosteroid-
associated toxicity. The study protocol was approved by
the institutional review boards or ethics committees of the
individual study sites. The study was conducted according
to the current regulations of the U.S. Food and Drug Ad-
ministration, the International Conference on Harmoniza-
tion guidelines, and the principles of the Declaration of
Helsinki. All patients provided written informed consent
before participating in any protocol-specific procedures.
An independent safety monitoring committee reviewed
safety information during the trial. The first patient was

enrolled on 22 October 2003, and the last patient com-
pleted the study on 29 July 2005.

The primary objective was to obtain preliminary evi-
dence on the safety and efficacy of infliximab therapy in
patients with glucocorticoid-induced remission of newly
diagnosed giant cell arteritis, as measured by the propor-
tion of patients who were relapse-free through week 22 and
the incidence of adverse events. The secondary objective
was to further evaluate the preliminary evidence of the
efficacy of infliximab therapy, as measured by the propor-
tion of patients who remained relapse-free through week
54, time to first relapse, levels of biochemical markers of
inflammation and disease activity, and cumulative dose of
glucocorticosteroids.

Setting
The study was conducted at 22 sites in the United

States, United Kingdom, Belgium, Italy, and Spain.

Participants
To be eligible for the study, patients must have had a

diagnosis of giant cell arteritis within 4 weeks of enroll-
ment, satisfied the American College of Rheumatology cri-
teria for giant cell arteritis (19), had an erythrocyte sedi-
mentation rate 40 mm or greater in the first hour at the
time of diagnosis, and achieved clinical remission before
randomization. For at least 1 week before randomization,
patients were required to be receiving prednisone or pred-
nisolone at a stable dosage of 40 to 60 mg/d, have a normal
erythrocyte sedimentation rate (�40 mm in the first hour,
as determined by using the Westergren method), and have
no symptoms or signs of active giant cell arteritis.

Patients were excluded if they had received a diagnosis
of giant cell arteritis or polymyalgia rheumatica more than
4 weeks before screening, did not respond to glucocortico-
steroid therapy within 5 days of initiation of therapy, re-
ceived intravenous glucocorticosteroid therapy with an
equivalent dose of methylprednisolone (�1000 mg/d for
�3 days), or received other forms of immunosuppressive
therapy (such as methotrexate, azathioprine, or other cyto-
toxic agents) or any investigational or biological agents
within the 3 months before screening. Patients with screen-
ing blood test results within the following ranges were also
excluded: leukocyte count less than 3.5 � 109 cells/L, neu-
trophil count less than 1.5 � 109 cells/L, hemoglobin level
less than 85 g/L, platelet count less than 100 � 109 cells/L,
or hepatic aminotransferase or alkaline phosphatase levels
greater than 3 times the upper limit of normal. We ex-
cluded patients with serious or chronic infections in the
previous 3 months; opportunistic infections within the 6
months before screening; cancer within the 5 years before
screening (with the exception of treated and cured squa-
mous or basal cell carcinoma of the skin); a history of
severe congestive heart failure or demyelinating disease;
current signs or symptoms of severe, progressive, or uncon-
trolled renal, hepatic, hematologic, gastrointestinal, endo-
crine, pulmonary, cardiac, neurologic, or cerebral disease; a

Context

Up to 80% of patients with giant cell arteritis (GCA) expe-
rience complications related to glucocorticoid therapy.
Case reports suggest that patients with GCA who received
infliximab achieved sustained disease remission and inde-
pendence from glucocorticoids.

Contribution

Patients with glucocorticoid-induced GCA remission were
randomly assigned to infusions of infliximab, 5 mg/kg, or
placebo at 0, 2, and 6 weeks and every 8 weeks thereaf-
ter. The investigators found that infliximab did not reduce
rates of relapse or any secondary end point.

Caution

The study was small and stopped early (after week 22 of
the planned 54 weeks), so it could not definitively identify
harms or small benefits.

Implication

Infliximab is unlikely to cause large reductions in rates of
relapse of GCA.

—The Editors

Article Infliximab to Maintain Remission of Giant Cell Arteritis

622 1 May 2007 Annals of Internal Medicine Volume 146 • Number 9 www.annals.org



transplanted organ (with the exception of corneal trans-
plantation done more than 3 months before screening); or
evidence of active or previous tuberculosis.

Randomization and Intervention
Patients were randomly assigned in a 2:1 ratio to re-

ceive infliximab, 5 mg/kg, or placebo by using adaptive
treatment allocation (20, 21) stratified by baseline gluco-
corticosteroid dosage (40 to 50 mg/d or 51 to 60 mg/d
prednisone equivalent). Patients received infusions at
weeks 0, 2, and 6 and every 8 weeks thereafter. Allocation
to treatment group was performed by using a central ran-
domization procedure through an interactive voice re-
sponse system. Patients, investigators, and study personnel
were blinded to treatment assignments during the study;
the site pharmacists, who prepared study medication, were
not blinded to this information.

Infliximab and placebo were supplied as sterile, white,
lyophilized powders that were reconstituted with sterile
water for injection. The reconstituted placebo solution
contained the same excipients as the infliximab solution
but did not contain infliximab.

Glucocorticosteroid dosages were tapered according to
a predefined schedule (Table 1). Each week, the daily dose
of prednisone or prednisolone was decreased by 10 mg
until the dosage reached 20 mg/d. It was then tapered by
2.5 mg until it reached 10 mg/d and then by 1 mg until
the dosage was 0 mg/d. In the absence of a relapse, this
schedule results in a glucocorticosteroid dosage of 10 mg/d
after 4 months and no glucocorticosteroid use after 6
months. If a relapse occurred, the patient was to resume
treatment with the previous higher dose of prednisone or
prednisolone that provided disease remission, plus 10
mg/d. If the relapse resolved within 72 hours, the patient
was to continue receiving that dosage for 2 weeks and then
resume tapering according to the protocol. If relapse did
not resolve within 72 hours, the patient was to receive
another increase of 10 mg and resume treatment according
to the protocol.

If relapse included visual symptoms, the patient was to
receive at least 40 mg/d or the previous higher dosage of
prednisone or prednisolone, plus 10 mg (whichever was
higher). If the visual symptoms improved within 48 hours,
the patient was to resume tapering according to the proto-
col above. If the visual symptoms did not resolve within 48
hours, the patient’s vision was threatened, or there was
concern about any other catastrophic event, the investiga-
tor was to take any measures necessary according to clinical
judgment to treat the patient, including but not limited to
increasing the glucocorticosteroid dosage to more than 60
mg/d. If a patient received more than 60 mg of oral pred-
nisone or prednisolone daily or more than 1000 mg of
intravenous glucocorticosteroid daily for more than 3 days,
study infusions were discontinued, but the patient contin-
ued to return for study visits.

Outcomes and Measurements
Disease relapse was defined as an increase in erythro-

cyte sedimentation rate from normal to 40 mm or greater
in the first hour, plus at least 1 symptom or sign of giant
cell arteritis: sustained fever (temperature � 100.4 °F
[38 °C] for � 1 week) that was not attributable to a cause
other than giant cell arteritis; new or recurrent headache or
pain or tenderness of the scalp; new, recurrent, or worsen-
ing ischemic retinopathy, optic neuropathy, or visual loss
not attributable to other causes; new or recurrent pain or
claudication of the tongue or jaw; new or recurrent clau-
dication of the extremities; new, recurrent, or worsening
thickness, tenderness, or ulcers or nodules over the tempo-
ral or occipital arteries; new, recurrent, or worsening an-
giographic abnormalities compatible with vasculitis of the
aorta or its primary branches; new, recurrent, or worsening
transient cerebral ischemia or stroke not attributable to
cardiac arrhythmias or atherosclerotic disease; or new, re-
current, or worsening classic polymyalgia rheumatica–like
symptoms, including malaise and fatigue that were unex-
plained by processes other than giant cell arteritis. In addi-
tion, patients with symptoms or signs of giant cell arteritis
other than those listed above that could not be attributed
to any cause other than giant cell arteritis and that were
accompanied by an increase in the dose of glucocorticoste-
roids used to treat giant cell arteritis were considered to
have had relapse.

Clinical remission was defined as an erythrocyte sedi-

Table 1. Schedule of Dosage Tapering for
Glucocorticosteroid Therapy*

Week Starting Glucocorticosteroid Dosage, mg/d

40 41–50 51–60

0 40 41–50 51–60
1 40 41–50 51–60
2 30 40 50
3 20 30 40
4 20 20 30
5 17.5 20 20
6 17.5 17.5 20
7 15 17.5 17.5
8 15 15 17.5
9 12.5 15 15
10 12.5 12.5 15
11 10 12.5 12.5
12 9 10 12.5
13 8 9 10
14 7 8 9
15 6 7 8
16 5 6 7
17 4 5 6
18 3 4 5
19 2 3 4
20 1 2 3
21 0 1 2
22 0 1
23 – – 0
24 Discontinued before week 24

* Prednisone or prednisolone.
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mentation rate less than 40 mm in the first hour and lack
of the symptoms or signs of giant cell arteritis. Complete
clinical remission was defined as maintenance of clinical
remission for 12 weeks after discontinuation of glucocorti-
costeroid therapy. C-reactive protein was evaluated by us-
ing the Tinaquant assay (Roche, Indianapolis, Indiana)
(normal range, 0 to 6 mg/L). Interleukin-6 was evaluated
by using assays from R&D Systems (Minneapolis, Minne-
sota) (normal range, 0.45 to 9.96 ng/mL). All laboratory
tests were done in a single batch by a central laboratory.
Antibodies to infliximab, antinuclear antibodies, and anti-
bodies to double-stranded DNA were evaluated at baseline,
week 22, and 20 weeks after the last dose of study medi-
cation, by using a method described elsewhere (22). Anti-
bodies to infliximab were assessed by measuring the optical
density of antibodies in serum samples, using a double-
antigen enzyme immunoassay in which infliximab served
as the detection and capture reagent (23). Because the pres-
ence of infliximab in serum samples can interfere with de-

tection of antibodies to infliximab, samples were classified
as inconclusive when infliximab levels in patient sera were
greater than 0.1 �g/mL.

At each site, one clinician-investigator provided com-
prehensive care for an individual patient. A second inde-
pendent physician-assessor (who did not have access to any
other clinical information on the patient) evaluated the
patient at each study visit and indicated on standardized
forms whether symptoms or signs of giant cell arteritis were
present or absent. Both physicians were blinded to treat-
ment group assignment. Patients who discontinued study
infusions were to be followed, according to the study
schedule, for clinical and safety assessments.

Statistical Analysis
Primary study end points were the proportion of pa-

tients who remained relapse-free through week 22 and the
incidence of adverse events. Secondary end points included
the proportion of patients who remained relapse-free

Figure 1. Study flow diagram.
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through week 54, time to first relapse, levels of biochemical
markers of inflammation and disease activity (erythrocyte
sedimentation rate, C-reactive protein level, and inter-
leukin-6 level), cumulative dose of glucocorticosteroid, the
proportion of patients who remained relapse-free during ta-
pering of the glucocorticosteroid dosage to 10 mg/d, and the
duration of complete clinical remissions beyond week 22.

The Cochran–Mantel–Haenszel 2-sided chi-square
test at a 5% level of significance with stratification by base-
line prednisone or prednisolone dosage (40 to 50 mg/d or
51 to 60 mg/d) was used for the efficacy analysis. An in-
tention-to-treat analysis was performed. Patients who dis-
continued treatment before week 22 because of lack of
efficacy were considered to have had relapse. Patients who
did not return for an evaluation or for whom data were
insufficient to assess whether they were relapse-free before
week 18 were considered to have had relapse. Patients who
were relapse-free through evaluations at week 18 but who
did not have sufficient evaluations at week 22 were consid-
ered to have achieved the primary end point (the week 18
value was carried forward). Patients whose glucocorticoste-
roid dose was increased to treat giant cell arteritis were
considered to have had relapse because they did not follow

the glucocorticosteroid dose-tapering schedule; this was
called an “analytical relapse.” A Kaplan–Meier analysis was
used to estimate the proportion of patients who remained
relapse-free through week 22.

The study was designed with a planned sample size of
42 patients (14 in the placebo group and 28 in the inflix-
imab group). The power calculations were based on a chi-
square test with no stratification and a type I error rate of
5%. The power of the study was expected to be greater
than 80% if the relapse-free response rate was approxi-
mately 80% in the infliximab group and approximately
30% in the placebo group (11, 12).

A prespecified interim safety and efficacy analysis was
performed by 1 of the authors after the last enrolled patient
completed the week 22 study visit. The objective of the
interim analysis was to aid in directing the clinical devel-
opment program. The primary and major secondary end
points were examined, although the specific end points to
be examined were not prespecified. No formal stopping
rules were prespecified for the interim analysis because the
results were not expected to affect the conduct of the study.
The independent safety monitoring committee was not in-
volved in the interim analysis.

Table 2. Demographic and Clinical Characteristics of Patients at Randomization*

Characteristic Placebo Group (n � 16) Infliximab Group (n � 28)

Women, n (%) 11 (69) 24 (86)
White persons, n (%) 16 (100) 28 (100)
Median age (IQR), y 69.5 (65.0–77.0) 71.5 (66.0–75.5)
Median body weight (IQR), kg 67.8 (59.6–72.1) 66.9 (57.3–73.6)
Symptoms and signs of relapse of giant cell arteritis, n (%)

Fever 8 (50) 5 (18)
Headache, or pain or tenderness of the scalp or temporal artery 14 (88) 21 (75)
Visual impairment 5 (31) 2 (7)
Pain or claudication of the tongue or jaw 7 (44) 12 (43)
Polymyalgia rheumatica–like symptoms 6 (38) 8 (29)
Extremity claudication 0 (0) 2 (7)
Angiographic abnormalities 1 (7) 1 (4)
Transient cerebral ischemia or stroke 1 (6) 0 (0)
Positive temporal artery biopsy 10 (67)† 24 (92)‡

Median serum creatinine concentration (IQR)
�mol/L 79.5 (61.9–88.4) 70.7 (61.9–79.5)
mg/dL 0.9 (0.7–1.0) 0.8 (0.7–0.9)

Median hematocrit (IQR) 0.38 (0.35–0.41) 0.39 (0.37–0.41)
Median erythrocyte sedimentation rate (IQR), mm/h

At diagnosis of giant cell arteritis 76.0 (51.0–130.0) 79.0 (52.0–102.0)
At screening 41.5 (26.5–74.5) 49.5 (27.0–67.0)
At remission (week 0) 30 (22.0–44.5) 36 (18.0–50.0)

Median C-reactive protein level (IQR), mg/L§
At screening 5 (4–18) 4 (4–10)
At remission (week 0) 6 (4–17) 5 (4–8)

Median interleukin-6 level (IQR), ng/L�

At screening 3.0 (1.3–11.8) 3.8 (1.6–5.0)
At remission (week 0) 4.1 (1.6–7.3) 3.2 (2.1–7.4)

Starting glucocorticosteroid dosage, n (%)
40–50 mg/d 9 (56) 17 (61)
51–60 mg/d 7 (44) 11 (39)

* Values are those obtained at screening, unless otherwise specified. IQR � interquartile range.
† Percentage is based on 10 of 15 patients.
‡ Percentage is based on 24 of 26 patients.
§ Normal range, 0.0 to 0.6 mg/dL.
� Normal range, 0.45 to 9.96 ng/L.
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All statistical analyses were done by using SAS soft-
ware, version 8.2 (SAS Institute, Inc., Cary, North Caro-
lina).

Role of the Funding Source
This study was funded by Centocor Research and De-

velopment, Inc. The study was led by a steering committee
(Drs. Hoffman, Cid, Rendt-Zagar, Weyand, Stone, and
Rahman), which was primarily responsible for the design
of the study, interpretation of the results, and preparation
of the manuscript. Dr. Xu (Centocor Research and Devel-
opment, Inc.) conducted the statistical analysis. Employees
of Centocor Research and Development, Inc., were also
involved in the design of the study, interpretation of the
results, and preparation of the manuscript. Dr. Hoffman
wrote the first draft of the manuscript. All authors re-
viewed, contributed revisions to, and approved the manu-
script before submission.

RESULTS

Patient Characteristics
Forty-four patients were enrolled, 16 in the placebo

group and 28 in the infliximab group (Figure 1). Thirty-
four patients (83%) had findings on baseline temporal ar-
tery biopsy that were consistent with giant cell arteritis.
Baseline demographic and disease characteristics of the

treatment groups were similar, except that fever was more
frequent in the placebo group than the infliximab group
(50% vs. 18%; P � 0.040, 2-sided Fisher exact test)
(Table 2). The difference between the placebo and inflix-
imab groups in the frequency of temporal artery biopsies
demonstrating giant cell arteritis was not statistically signifi-
cant (67% vs. 92%; P � 0.079, 2-sided Fisher exact test).

Five patients discontinued treatment before the week
22 visit (4 in the infliximab group and 1 in the placebo
group) (Figure 1). Four of these patients returned for the
assessment visit at week 22; 1 patient in the infliximab
group withdrew consent at week 14 and did not return for
assessment.

Efficacy
The proportion of patients who were relapse-free

through week 22 was similar between the placebo and
infliximab groups (50% vs. 43%, respectively; P �

0.65) (Table 3). The groups did not differ in time to
first relapse (Figure 2) or in interleukin-6 and C-reactive
protein levels and erythrocyte sedimentation rates at first re-
lapse (Figure 3).

Of the 24 patients who had relapse by week 22, 16
met the primary definition of relapse (an increase in the
erythrocyte sedimentation rate �40 mm in the first hour
and at least 1 of the signs or symptoms of giant cell arteritis

Table 3. Efficacy Outcomes at 22 Weeks

Outcome Placebo Group (n � 16) Infliximab Group (n � 28)

Patients who remained relapse-free*
Total, n (%) 8 (50) 12 (43)
Difference (95% CI), percentage points �7 (�38 to 23)
P value 0.65†

Patients whose glucocorticosteroid dosage was tapered to 10 mg/d
Total, n (%) 12 (75) 17 (61)
Difference (95% CI), percentage points �14 (�42 to 14)
P value 0.31†

Cumulative glucocorticosteroid dose at week 22
Mean (SD), mg 3049.56 (769.54) 3154.10 (968.50)
Median (interquartile range), mg 2909.3 (2502.5–3143.0) 2982.0 (2461.0–3630.0)
P value 0.95‡

Glucocorticosteroid dosage at first relapse
Mean (SD), mg/d 11.8 (16.9) 13.4 (17.5)
Median (interquartile range), mg/d 6.5 (0.5–17.5) 10 (1.0–20.0)
P value 0.59‡

Signs and symptoms of relapse through week 22, n (%)§
Sustained fever 0 (0) 0 (0)
New or recurrent headache or pain or tenderness of the scalp or temporal artery 7 (44) 8 (29)
New, recurrent, or worsening visual symptoms specific to giant cell arteritis 1 (6) 6 (21)
New or recurrent pain or claudication of the tongue or jaw 3 (19) 4 (14)
New or recurrent claudication other than of the tongue or jaw 1 (6) 2 (7)
New, recurrent, or worsening temporal artery signs and symptoms 3 (19) 4 (14)
New, recurrent, or worsening angiographic abnormalities 0 (0) 0 (0)
New, recurrent, or worsening transient cerebral ischemia 0 (0) 1 (4)
New, recurrent, or worsening classic polymyalgia rheumatica–like symptoms 3 (19) 4 (14)
Other symptoms specified by the individual assessor 1 (6.3) 5 (18)
Other related symptoms specified by the investigator 1 (6.3) 3 (10.7)

* One patient in the infliximab group who withdrew consent at week 14 and did not return for the week 22 visit was considered to have had relapse.
† Cochran–Mantel–Haenszel 2-sided chi-square test stratified by baseline glucocorticosteroid dosage (40 to 50 mg/d or 51 to 60 mg/d).
‡ Analysis of variance on the van der Waerden normal scores.
§ Statistical testing was not done for this post hoc analysis because of the small number of patients and the error rates of statistical inferences caused by multiple comparisons.
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listed in the Methods section). Eight patients (4 placebo
recipients and 4 infliximab recipients) had an analytical
relapse, in that they did not meet the primary definition of
relapse but their glucocorticosteroid dose was increased to
treat giant cell arteritis. Of these 8 patients, 5 had signs and
symptoms of giant cell arteritis but did not meet the eryth-
rocyte sedimentation rate criterion in the primary defini-
tion, 2 met the erythrocyte sedimentation rate criterion but
did not have a sign or symptom of giant cell arteritis, and
1 had neither a sign nor symptom nor met the erythrocyte
sedimentation rate criterion. If patients with analytical re-
lapse were considered to be relapse-free and only patients
who met the primary definition were considered to have
relapsed, 12 of 16 patients (75%) in the placebo group and
16 of 28 patients (57%) in the infliximab group would
have been relapse-free through week 22.

The groups did not differ in the cumulative dose of
prednisone or prednisolone at week 22 or the mean gluco-
corticosteroid dose at relapse (Table 3). Only 3 patients
(25%) in the placebo group and 4 patients (17%) in the
infliximab group were not receiving glucocorticosteroids at
the time of relapse (P � 0.34).

The week 22 results were analyzed during the pre-
planned interim analysis. The study steering committee
and sponsor reviewed the results of the interim analysis and
determined that although infliximab was generally well tol-
erated and had no unexpected safety issues, it appeared to
provide no therapeutic benefit. Therefore, the steering
committee and the sponsor decided to discontinue study
infusions for all patients. Each patient had a safety fol-
low-up visit 4 weeks after infusions were stopped. Patients
also had a visit 20 weeks after their last dose of infliximab
to evaluate antibodies to infliximab and disease activity.
One patient in the infliximab group withdrew consent at
week 26; all other patients who completed the week 22
visit returned for all follow-up visits.

Figure 2 shows the time to first relapse. The results
after week 22 should be interpreted with caution because
some patients completed the 54-week study, whereas only
limited data were available for others because the study was
terminated prematurely.

The mean number of relapses per patient during the
study was 1.7 (SD, 1.45) in the placebo group and 1.8
(SD, 1.66) in the infliximab group. In the placebo group,
4 patients (25%) had no relapse, 5 patients (31%) had 1
relapse, 1 patient (6%) had 2 relapses, and 6 patients had 3
or more relapses (38%). In the infliximab group, 5 patients
(18%) had no relapse, 10 patients (36%) had 1 relapse, 8
patients (29%) had 2 relapses, and 5 patients (18%) had 3
or more relapses (P � 0.23). Table 3 summarizes signs and
symptoms of relapse.

Seven patients (44%) in the placebo group and 11
patients (39%) in the infliximab group achieved complete
clinical remission (no sign of active giant cell arteritis for at
least 12 weeks after discontinuation of prednisone or pred-
nisolone therapy) (P � 1.00). The median duration of

complete clinical remission was 20.3 weeks (interquartile
range, 18.0 to 25.0 weeks) in the placebo group and 21.0
weeks (interquartile range, 18.6 to 32.3 weeks) in the in-
fliximab group. Of the patients who achieved complete
clinical remission, 6 (86%) in the placebo group and 8
(73%) in the infliximab group later had relapse.

Pharmacokinetics
The median trough serum infliximab concentration in

the infliximab group at week 22 was 1.7 �g/mL (interquar-
tile range, 0.0 to 5.1 �g/mL; range, 0.0 to 113.6 �g/mL).

Adverse Events
Patients in each group received an average of 7 study

infusions, and the median total dose of infliximab was 35.0
mg/kg. The groups did not differ clinically or statistically
in the frequency of adverse events or serious adverse events
(Table 4). Although the incidence of infections was nu-
merically higher among infliximab recipients than placebo
recipients, the difference was not statistically significant
(71% vs. 56%; difference, 15 percentage points [95%
CI,�14 to 45 percentage points]). The incidence of infec-
tions requiring oral or parenteral antimicrobial treatment
for each treatment group did not differ (57% of infliximab
recipients vs. 50% of placebo recipients; difference, 7 per-
centage points [CI, �23 to 38 percentage points]). Four
patients reported serious infections (3 [11%] in the inflix-
imab group vs. 1 [6%] in placebo group; difference, 5
percentage points [CI, �12 to 21 percentage points]). The
patient in the placebo group had ischemic colitis 13 days
after the week 22 infusion. In the infliximab group, 1 pa-
tient had herpes keratitis in the right eye 35 days after the
week 30 infusion, 1 had bronchitis 7 days after the week 2
infusion, and 1 had a Staphylococcus aureus–infected hema-

Figure 2. Kaplan–Meier estimate of the proportion of
patients who remained relapse-free through the end of
the study.

The groups did not differ significantly in the time to first relapse, ac-
cording to a log-rank test.
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toma 23 days after the week 2 infusion and pleuropneu-
monia 89 days after the week 46 infusion. There were no
cases of tuberculosis or sepsis. One patient in the placebo
group developed Kaposi sarcoma. No cases of cancer were
observed in patients receiving infliximab.

An infusion reaction was predefined as any adverse
event that occurred during an infusion or within 1 hour
after completion of an infusion. Ten infusion reactions

occurred in 6 patients in the infliximab group, whereas no
infusion reaction occurred in the placebo group (difference
21%, [CI, 6% to 37%]). Most infusion reactions were
mild or moderate in intensity. One patient discontinued
treatment because of an infusion reaction (dyspnea and
flushing) during the week 30 infusion. Other infusion re-
actions included chest pain, chills, and fatigue.

Five patients discontinued treatment because of ad-
verse events (Figure 1). In the placebo group, 1 patient had
dyspnea, atrial fibrillation, and digoxin toxicity and 1 had
Kaposi sarcoma. In the infliximab group, 1 patient experi-
enced weakness and convulsions related to a resected me-
ningioma, 1 had cardiac failure, and 1 experienced dyspnea
and flushing (the infusion reaction previously described).

Seven patients (27%) in the infliximab group had anti-
bodies to infliximab at any time, 18 patients (69%) were
negative for antibodies to infliximab, and 1 patient (4%)
had an inconclusive antibody status 20 weeks after the last
dose of infliximab. Five patients (33%) in the placebo
group and 13 patients (52%) in the infliximab group de-
veloped antinuclear antibodies during the study. Antibod-
ies to double-stranded DNA were not found in the placebo
group and developed in 16% of patients in the infliximab
group. However, no clinical syndromes associated with anti-
nuclear antibodies or antibodies to double-stranded DNA
were observed.

DISCUSSION

To address the unmet need for a treatment that would
allow patients with giant cell arteritis to reduce their de-
pendence on glucocorticosteroids, we conducted the first

Figure 3. Box plots showing interleukin-6 level, C-reactive protein (CRP) level, and erythrocyte sedimentation rate (ESR) at the
time of first relapse.

Solid horizontal lines represent medians, boxes represent interquartile
ranges, dashed horizontal lines represent means, and error bars represent
SDs. Values were available for 13 placebo recipients and 21 infliximab
recipients.
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double-blind, randomized, placebo-controlled trial in
which a biological agent was used as an adjunct to gluco-
corticosteroid therapy for giant cell arteritis. Our results
failed to demonstrate that infliximab improved the dura-
tion of remissions or decreased the glucocorticosteroid re-
quirement in patients with newly diagnosed giant cell ar-
teritis. These conclusions were based on a duration of
follow-up of at least 22 weeks for all patients and a median
of 7 infliximab infusions per patient. The results are con-
sistent with a difference in the proportion of relapse-free
patients ranging from a 38% advantage for placebo to a
23% advantage for infliximab. The results are also consis-
tent with a difference in the proportion of relapse-free pa-
tients whose glucocorticosteroid dosages were tapered to 10
mg/d, ranging from a 42% advantage for placebo to a 14%
advantage for infliximab. Thus, our study provides evi-
dence that infliximab therapy is unlikely to greatly reduce the
proportion of patients with relapse of giant cell arteritis.

The study was not powered to detect modest effects of
adding infliximab to glucocorticosteroid therapy for newly
diagnosed giant cell arteritis. However, the expense and
risk of the intervention would not likely be justified in
routine practice if studies in a much larger sample demon-
strated only a small benefit of infliximab.

Several matters regarding the study drug and trial de-
sign merit discussion. One might question whether a
higher dose of infliximab might be efficacious for giant cell
arteritis. The infliximab dose of 5 mg/kg, rather than the
usual initial dose of 3 mg/kg used to treat for inflammatory
arthritis, was chosen to reduce the possibility of failure
merely because of an inadequate dose. The 5-mg/kg induc-
tion and maintenance regimen has been shown to be effec-
tive and well tolerated in patients with psoriasis (24), spon-

dyloarthropathy (25), and Crohn disease (26). Infliximab
was not administered with concomitant methotrexate in
these studies. We did not address whether efficacy may
have been achieved by using even higher doses of inflix-
imab, greater frequency of administration, or concurrent
administration of methotrexate.

We found that approximately one quarter of patients
who received infliximab developed antibodies to infliximab
20 weeks after the last dose was administered. Thus, for
most patients, the lack of efficacy could not be attributed
to antibodies to infliximab. In EXPRESS (European Inflix-
imab for Psoriasis [Remicade] Efficacy and Safety Study),
which studied infliximab therapy in patients with psoriasis
(24), the rate of antibody formation to infliximab (27%)
20 weeks after the last dose was similar to that in our study.
However, contrary to our results, the EXPRESS investiga-
tors found that infliximab was much more effective than
placebo at reducing the signs and symptoms of psoriasis.

Salvarani and colleagues’ study of polymyalgia rheu-
matica (27), a forme fruste of giant cell arteritis, further
supports our findings. The researchers used a trial design
that was similar to that of our study and found no statis-
tically significant therapeutic benefit of infliximab. Thus,
these 2 studies indicate that the addition of infliximab to
glucocorticosteroids does not markedly decrease relapse
rates or cumulative glucocorticosteroid requirements of pa-
tients with newly diagnosed giant cell arteritis or polymy-
algia rheumatica. However, the role of anti–TNF-� therapy
in patients with glucocorticosteroid-refractory giant cell ar-
teritis or polymyalgia rheumatica has not been systemati-
cally studied.

Although TNF is found in abundance in biopsy sam-
ples with vascular damage from giant cell arteritis, the exact
role of TNF in the pathogenesis of giant cell arteritis re-
mains to be elucidated. It is possible that other pathways
and mediators play more important or pivotal roles in the
pathogenesis of giant cell arteritis.

From The Cleveland Clinic Foundation, Cleveland, Ohio; Hospital
Clinic, University of Barcelona, Institut d’Investigacions Biomediques
August Pi y Sunyer, Barcelona, Spain; Boston University School of Med-
icine, Boston, Massachusetts; Emory University School of Medicine, At-
lanta, Georgia; Johns Hopkins University School of Medicine, Balti-
more, Maryland; Arcispedale Santa Maria Nuova, Reggio Emilia, Italy;
and Centocor Research and Development, Inc., Malvern, Pennsylvania.

Acknowledgments: The authors thank Scott Newcomer, MS (Centocor
Research and Development, Inc.), for assistance with the preparation of
the manuscript; the patients, investigators, and study personnel; and the
independent safety monitoring board who oversaw the study: Gene
Hunder, MD (Mayo Clinic, Rochester, Minnesota); Stefano Bombar-
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Clinical Relevance of Persistently Elevated
Circulating Cytokines (Tumor Necrosis Factor �

and Interleukin-6) in the Long-Term Followup of
Patients With Giant Cell Arteritis
ANA GARCÍA-MARTÍNEZ, JOSÉ HERNÁNDEZ-RODRÍGUEZ, GEORGINA ESPÍGOL-FRIGOLÉ,
SERGIO PRIETO-GONZÁLEZ, MONTSERRAT BUTJOSA, MARTA SEGARRA, ESTER LOZANO, AND

MARIA C. CID

Objective. To assess the clinical relevance of increased circulating cytokines in patients with giant cell arteritis (GCA)
after long-term followup.
Methods. We performed a cross-sectional evaluation of 54 patients with biopsy-proven GCA prospectively followed for
a median of 5.4 years (range 4–10.5 years). GCA-related complications, vascular events, relapses, current prednisone
dose, time required to achieve a maintenance prednisone dosage <10 mg/day, cumulated prednisone at that point, and
adverse effects during followup were recorded. Serum interleukin-6 (IL-6) and tumor necrosis factor � (TNF�) were
determined by immunoassay.
Results. All patients were in clinical remission. Both cytokines were significantly higher in patients than in controls
(mean � SD 21 � 35 versus 5 � 11 pg/ml; P < 0.001 for IL-6 and mean � SD 32 � 14 versus 16 � 9 pg/ml; P < 0.001 for
TNF�). No differences were found in patients with or without GCA-related complications or vascular events during
followup. Circulating cytokines were significantly higher in patients who had experienced relapses (mean � SD 25 � 39
versus 10 � 11 pg/ml; P � 0.04 for IL-6 and mean � SD 34 � 15 versus 25 � 11 pg/ml; P � 0.042 for TNF�). IL-6 was
significantly higher in patients still requiring prednisone (mean � SD 29 � 45 versus 13 � 17 pg/ml; P � 0.008), and TNF�

correlated with cumulated prednisone dose (r � 0.292, P � 0.04). No significant relationship was found between elevated
cytokines and prednisone adverse effects or patients’ quality of life.
Conclusion. Circulating TNF� and IL-6 may persist elevated in GCA patients after long-term followup and remain higher
in patients who have experienced more relapsing disease. However, in this patient cohort, elevated circulating cytokines
were not associated with increased frequency of GCA complications, vascular events, or treatment-related side effects.

INTRODUCTION

Giant cell arteritis (GCA) is the most common systemic
vasculitis among people age �50 years. GCA inflammatory
lesions preferentially target large and medium-sized ves-
sels. Typical symptoms of the disease (headache, jaw clau-
dication, scalp tenderness, facial aches, and visual loss)

derive from inflammatory involvement of the carotid ar-
tery branches. Involvement of other arteries such as the
aorta and its major tributaries remains asymptomatic un-
less complications such as dilatation or stenosis occur
(1–4).

Vascular inflammatory infiltrates are mainly composed
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of T lymphocytes and macrophages, which are the source
of a variety of inflammatory mediators, including proin-
flammatory cytokines interleukin-1� (IL-1�), tumor necro-
sis factor � (TNF�), and IL-6 (5–9). These cytokines are
mainly involved in local autocrine/paracrine responses,
but TNF� and IL-6 may be released into the bloodstream
and trigger systemic effects, including fever, malaise,
weight loss, anemia of chronic disease type, and elevation
of acute-phase proteins, all common in patients with GCA.
Accordingly, local production of proinflammatory cyto-
kines TNF�, IL-1�, and IL-6 in involved temporal arteries
and circulating TNF� and IL-6 correlate with the intensity
of the acute-phase response at diagnosis (8,10). Interest-
ingly, a strong systemic inflammatory response and mark-
edly increased expression of IL-6 are negatively associated
with the development of disease-related cranial ischemic
events at diagnosis (11,12).

Patients with GCA experience a rapid relief of their
symptoms with high-dose corticosteroids. However, dis-
ease activity may not be completely abrogated, and 40–
60% of patients relapse when corticosteroids are tapered
(13,14). In addition, corticosteroid-treated patients may
develop GCA-related vascular complications during fol-
lowup: approximately 10–15% of patients with visual
symptoms continue to have deteriorating vision during the
first weeks of treatment (13,15), 22.2% of patients develop
significant aortic dilatation (3), and 5–15% develop ex-
tremity artery stenosis (2,16). It is not clear at present
whether these vascular complications arise from subclin-
ical vascular inflammation or result from maladaptive re-
modeling driven by the initial inflammatory injury.

High-dose corticosteroid treatment results in sharp de-
creases in erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) level (17–19). However, when cor-
ticosteroids are tapered, acute-phase proteins may remain
slightly or moderately elevated above the normal levels in
some patients, even maintaining clinical remission (17–
19). In keeping with this observation, it has been shown
that circulating IL-6 persists elevated for several months,
but it is not known whether IL-6 persists elevated after
long-term followup (20). Elevated IL-6 in asymptomatic
patients with GCA has been considered to reflect remain-
ing subclinical vascular inflammation. Persistent vascular
inflammation raises concerns about its long-term clinical
consequences, including late GCA-related complications,
accelerated atherosclerotic disease, or IL-6–induced os-
teopenia (20).

The aim of our study was to determine whether circu-
lating proinflammatory cytokines persist elevated in pa-
tients with GCA after long-term followup, and whether
persistent increase in circulating cytokines is associated
with a higher frequency of GCA-related complications or
other vascular events, clinically apparent disease activity,
corticosteroid requirements, and corticosteroid-derived
side effects.

PATIENTS AND METHODS

The study group consisted of 54 patients (14 men and 40
women) with biopsy-proven GCA and a median age of 79

years (range 63–91 years) who were prospectively treated
and followed by the authors for a median of 5.4 years
(range 4–10.5 years). This patient cohort was subjected to
a cross-sectional screening for aortic dilatation in a previ-
ous study, and details regarding patient selection have
been previously published (3). Briefly, patients were con-
secutively selected among those who had regular followup
visits every 4–6 months for at least 4 years. All of the
patients were treated according to a defined protocol (3). A
relapse was defined as reappearance of disease-related
symptoms (cranial, polymyalgic, systemic symptoms, or
anemia of chronic disease type not attributable to other
causes) that resolved with an increase in prednisone dose
10 mg above the previous dose able to maintain remission.

At the time of the screening for aortic aneurysm, patients
were subjected to a clinical evaluation in search of disease-
related symptoms. Patients’ quality of life was self-
estimated with a visual analog scale (VAS; 0–100 mm) for
pain or other physical limitations, psychological well-
being, independence for self-care, and the ability to per-
form work, social, or recreational activities. The average of
these 4 assessments was considered.

Followup data were categorized into disease-related
complications, other vascular events, disease activity, cor-
ticosteroid requirements, and corticosteroid-related ad-
verse events. Disease-related complications included aor-
tic dilatation and visual deterioration due to anterior
ischemic optic neuritis during followup (confirmed by an
ophthalmologist). Other vascular events included clinically
symptomatic cardiovascular (angina or myocardial infarc-
tion), cerebrovascular (transient ischemic attack or stroke),
or lower extremity arteriopathy (intermittent claudication
or ischemia). Disease activity data comprised the number
of relapses and the corticosteroid requirement assessed
as time (in weeks) necessary to achieve a maintenance
prednisone dosage �10 mg of prednisone/day, cumulated
prednisone dose at that point, and prednisone treatment
(any dose) at the time of evaluation. Corticosteroid-related
side effects included new or worsening hypertension, di-
abetes mellitus and hypercholesterolemia, symptomatic
fractures, gastrointestinal bleeding, mild or serious (re-
quiring hospitalization) infection, and symptomatic cata-
racts requiring intervention.

At the time of the evaluation, general laboratory analy-
sis, including hemoglobin and acute-phase reactants ESR,
CRP, and haptoglobin, was performed. Circulating levels
of IL-6 and TNF� were measured by immunoassay using
Quantikine kits from R&D Systems, according to the man-
ufacturer’s instructions. Other cytokines thought to be rel-
evant in the pathogenesis of GCA such as interferon-� and
IL-1� were not determined because concentrations of these
cytokines in human serum are usually around the detec-
tion threshold. IL-6 and TNF� were also measured in 15
healthy donors with similar age and sex distribution.
Mann-Whitney test or Student’s t-test, when applicable,
was employed for quantitative variables, and Spearman’s
or Pearson’s test was employed for correlations.

The study was approved by the ethics committee of our
institution, and all of the patients signed informed con-
sent.
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RESULTS

IL-6 and TNF� concentrations in sera from patients
with GCA after long-term followup. The median IL-6 con-
centration in the patient cohort was 13 pg/ml (range
0–237) and the median TNF� concentration was 30 pg/ml
(range 6–77). Seventy-eight percent of patients with GCA
had IL-6 levels and 79% had TNF� concentrations above
the reference values for the general population (0–5 pg/ml
for IL-6 and 0–20 pg/ml for TNF�). As shown in Figure 1,
circulating levels of IL-6 and TNF� were significantly
higher in GCA patients than in healthy controls with sim-
ilar age and sex distribution.

At the time of the evaluation, the median ESR was 32
mm/hour (range 8–66), the median CRP level was 0.7
mg/dl (range 0.2–5.5), the median haptoglobin level was
1.63 gm/liter (range 0.08–2.86), and the median hemoglo-
bin level was 129 gm/liter (range 108–167). Circulating
IL-6 significantly correlated with TNF� concentrations
(r � 0.378, P � 0.005) and with CRP plasma levels (r �

0.296, P � 0.03). No significant correlations were found
between IL-6 or TNF� and the rest of the laboratory pa-
rameters determined (Table 1).

IL-6 and TNF� concentrations and the development of
GCA-related complications during followup. As previ-
ously published, 12 (22.2%) of the 54 patients developed
aortic aneurysm or dilatation during the followup period
(3). Two patients (3.7%) experienced GCA-related worsen-

ing of vision after the initiation of corticosteroid treatment.
As shown in Table 2, no differences in cytokine concen-
trations were found between patients who had or had not
developed disease-related vascular complications during
followup.

IL-6 and TNF� concentrations and the development of
vascular events. Seven patients (13%) experienced symp-
tomatic vascular complications in other territories. The
relative contribution of GCA versus traditional vascular
risk factors in the development of vascular disease could
not be fully ascertained. Four patients presented lower
extremity ischemia that required percutaneous revascular-
ization and stenting (1 patient), bypass surgery (1 patient),
and extremity amputation (1 patient). Three patients de-
veloped transient cerebral ischemic attacks and a Doppler
sonography disclosed significant carotid stenosis. One pa-
tient experienced a stroke 1 month after the diagnosis of
GCA, and the magnetic resonance angiography exhibited
thrombosis of the right carotid artery. Finally, 1 patient
developed myocardial infarction that required percutane-
ous angioplasty and stenting. Overall, 2 of the 7 patients
exhibited symptomatic vascular involvement in more than
one territory (extremity and cerebrovascular ischemia). As
shown in Table 2, there were no significant differences in
circulating levels of proinflammatory cytokines between
patients with or without symptomatic vascular events dur-
ing followup.

Correlation between IL-6 and TNF� concentrations and
GCA activity and corticosteroid requirements. At the
time of the evaluation, all of the patients were in stable
clinical remission with no evidence of relapse, infection,
or other chronic inflammatory diseases within the previ-
ous 4 months. Four patients had an ESR �50 mm/hour and
5 had a CRP concentration �2 mg/dl (normal value �1).
These patients had persistent mild elevation of acute-
phase reactants with no development of disease-related
symptoms during the following 6 months. Thirteen pa-
tients (24.1%) had not presented disease flares during the
entire followup, 15 (27.8%) had experienced one relapse,
and 26 (48.1%) had presented more than one. At the time
of the evaluation, 27 patients had successfully discontin-
ued prednisone, whereas the remaining 27 patients were

Figure 1. A, Interleukin-6 (IL-6) and B, tumor necrosis factor � (TNF�) serum concentrations
in patients with giant cell arteritis and controls. * � extreme cases; � � outliers.

Table 1. Correlation between circulating cytokines and
acute-phase reactants at the time of the evaluation*

IL-6, pg/ml TNF�, pg/ml

r P r P

ESR, mm/hour 0.078 ns 0.248 ns
CRP level, mg/dl 0.296 0.03† 0.19 ns
Haptoglobin, gm/liter 0.034 ns 0.089 ns
Hemoglobin, gm/liter �0.176 ns �0.136 ns

* IL-6 � interleukin-6; TNF� � tumor necrosis factor �; ESR �

erythrocyte sedimentation rate; ns � not significant; CRP � C-reac-
tive protein.
† Spearman’s rho test.
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still receiving low-dose prednisone treatment (median
3.75 mg/day, range 1.25–12.5).

Patients who had experienced at least one relapse dur-
ing followup had higher levels of TNF� and IL-6 than
patients with no relapsing disease (Figures 2A and B). IL-6
concentrations were significantly higher in patients who
still required corticosteroid treatment at the time of the
evaluation (Figure 3A). No significant differences were
found in TNF� levels between patients still receiving
prednisone compared with those who had successfully
discontinued corticosteroid treatment (Figure 3B). Circu-
lating levels of both IL-6 and TNF� remained significantly
higher in patients who had been able to discontinue ther-
apy than in healthy controls (mean � SD 13 � 17 versus
5 � 11 pg/ml; P � 0.001 for IL-6 and mean � SD 32 � 12
versus 16 � 9 pg/ml; P � 0.005 for TNF�). TNF� concen-
trations tended to correlate with the time required to reach
a maintenance daily prednisone dosage �10 mg (r � 0.235,
P � 0.09) and significantly correlated with the cumulative
prednisone dose at that point (r � 0.292, P � 0.04) (Figure
3C). As shown in Table 3, the longer duration of treatment
observed in patients with elevated TNF� or IL-6 levels did
not result in more corticosteroid-related side effects.

The median VAS score in the entire series was 90 mm
(range 37–100). No significant correlation was found be-
tween IL-6 or TNF� levels and VAS scores (r � �0.228, not
significant for IL-6 and r � �0.048, not significant for
TNF�).

DISCUSSION

Previous studies have shown that IL-6 may persist ele-
vated for several months after the beginning of corticoste-
roid treatment in patients in remission, but longer fol-
lowup studies have not been performed (18,20). To our
knowledge, the present study is the first attempt to evalu-
ate circulating cytokine levels in patients in remission
after long-term followup and indicates that circulating
proinflammatory cytokines IL-6 and TNF� remain ele-
vated in a substantial proportion of patients with GCA.

The source of elevated cytokines in patients in remis-
sion is not clear. Surgical or necropsy specimens from
long-term treated patients with GCA have disclosed exten-
sive vascular remodeling with persistent, small foci of
inflammatory cells (3,21,22). However, it is important to
remark that inflammatory cells may not be the only source
of cytokines. We have previously shown that cultured
myointimal cells derived from temporal arteries are able to
produce substantial amounts of IL-6 (23,24). Therefore,
both remaining inflammatory cells and regenerating
smooth muscle cells may contribute to proinflammatory
cytokine production, particularly IL-6. Increased circulat-
ing cytokines in patients with GCA may then represent
long-lasting persistence of low-grade inflammatory activ-
ity and/or continuous vascular remodeling. Differences
observed among patients may reflect the extent of persis-
tent subclinical vascular inflammation/remodeling or may

Figure 2. A, Interleukin-6 (IL-6) and B, tumor necrosis factor � (TNF�) levels in patients
with giant cell arteritis according to the occurrence of relapses. * � extreme cases; � �

outliers.

Table 2. Circulating cytokines and vascular complications during the followup of patients
with giant cell arteritis*

IL-6, pg/ml TNF�, pg/ml

Present,
mean � SD

Absent,
mean � SD P

Present,
mean � SD

Absent,
mean � SD P

Aortic aneurysm/dilatation
(n � 12)†

13 � 8 24 � 39 ns 30 � 19 32 � 13 ns

Worsening of vision (n � 2) 15 � 3 22 � 36 ns 17 � 6 32 � 14 ns
Other vascular events (n � 7) 19 � 29 22 � 35 ns 32 � 13 31 � 15 ns

* IL-6 � interleukin-6; TNF� � tumor necrosis factor �; ns � not significant.
† Data concerning aortic aneurysm/dilatation have been previously published (3).
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be due to functional polymorphisms in cytokine genes.
Polymorphisms in the TNF� or IL-6 gene promoters result-

ing in higher cytokine production have been identified
(25,26).

Several studies have shown that chronic inflammatory
diseases such as rheumatoid arthritis or systemic lupus
erythematosus are associated with accelerated atheroscle-
rosis and a higher risk of cardiovascular disease, which
has been attributed to persisting low-grade inflammatory
activity (27–30). Moreover, moderately increased serum
levels of IL-6 and CRP in the general population are asso-
ciated with a higher risk of cardiovascular events (31,32).
In our patients, persistent increase in circulating cytokines
was not associated with higher frequency of vascular com-
plications, either GCA or atherosclerosis related, during
followup. However, these results must be interpreted with
caution, due to the relatively small number of patients
included and the relatively low frequency of disease- or
atherosclerosis-related complications in GCA patients in
remission (15,33). We cannot exclude that a much larger
series or a longer followup could evidence an association
between elevated circulating cytokines and a higher fre-
quency of vascular complications. However, the physio-
logically limited lifespan of patients with GCA reduces the
significance of studies with a much longer followup and
restricts its relevance to the youngest subset of patients.

Previous studies have shown that increased TNF� ex-
pression in lesions at diagnosis is associated with persis-
tent disease activity. This observation is in accordance
with results generated by several groups showing an asso-
ciation between a strong acute-phase response at diagnosis
and more relapsing disease, both in patients with GCA and
in patients with polymyalgia rheumatica (34,35). The
present study shows that patients who have experienced
more relapses or have required more corticosteroid doses
still maintain significantly increased circulating TNF� and
IL-6 levels after long-term followup. Although increased
serum TNF� and IL-6 concentrations are associated with
more refractory disease, TNF� blockade failed to reduce
relapses and spare corticosteroids, indicating that elevated
TNF�, even being a marker of disease persistence, may not
be crucial in maintaining disease activity or may be com-
pensated by redundant cytokines (36). Blocking IL-6 has
not been attempted in GCA and may or may not face
similar limitations. Taken together, these findings suggest
caution in attributing functional roles to these or other
elevated biomarkers and underline the need for functional
studies before they can be considered candidate therapeu-
tic targets (37).

Of interest, although patients with increased TNF� or
IL-6 levels had higher corticosteroid requirements, this
was not associated with an increase in corticosteroid-
related adverse events. This observation may again be
limited by the relatively small size of the patient cohort.
Moreover, regarding corticosteroid-induced osteoporosis,
only symptomatic fractures were taken into account and
the asymptomatic collapse of dorsal vertebrae was not
systematically assessed. In addition, the development of
corticosteroid-related side effects does not only depend on
the cumulated doses because some patients are particu-
larly prone to develop these complications. Patients with
osteopenia at diagnosis or patients with underlying meta-
bolic syndrome are especially susceptible to developing

Figure 3. Serum cytokine concentrations and corticosteroid re-
quirements. A, Interleukin-6 (IL-6) and B, tumor necrosis factor �

(TNF�) levels in patients with giant cell arteritis still receiving
prednisone treatment compared with those with successful treat-
ment discontinuation at the time of evaluation. C, Correlation
between TNF� concentration and cumulated prednisone dose
when reaching a maintenance dosage of �10 mg/day. * � extreme
cases; � � outliers.
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related complications when receiving corticosteroid ther-
apy (38,39).

Although not associated with major clinical conse-
quences, subclinical inflammation may potentially pro-
duce malaise, fatigue, or reduction in well-being, impair-
ing quality of life. Self-estimated quality of life was
surprisingly high in our elderly patient cohort. This may
not be representative of the overall GCA population since
patients included had been able to maintain a regular
long-term followup. Although increased cytokines were
associated with more relapsing disease, no correlation was
found between cytokine levels and patients’ quality of life
scores at the time of the evaluation. A limitation of this
conclusion may be that quality of life was evaluated with
a VAS and not with a validated instrument. An instrument
to specifically measure quality of life in GCA patients is in
development but is still awaiting validation (40). Illiteracy,
sight problems, and lack of training in answering question-
naires were the main reasons for choosing a simple VAS in
this particular patient cohort. It may be possible that a
more sensitive instrument could have detected differences
between patients with or without persistent subclinical
inflammatory activity.

In summary, our study shows long-term persistence of
elevated circulating cytokines in patients with GCA. Al-
though patients with higher cytokine levels had experi-
enced a more relapsing disease, persistent elevation of
circulating cytokines was not associated with clinically
relevant complications related to GCA, atherosclerotic dis-
ease, or corticosteroid treatment.
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Development of Aortic Aneurysm/Dilatation
During the Followup of Patients With Giant Cell
Arteritis: A Cross-Sectional Screening of Fifty-
Four Prospectively Followed Patients
ANA GARCÍA-MARTÍNEZ, JOSÉ HERNÁNDEZ-RODRÍGUEZ, PEDRO ARGUIS, PILAR PAREDES,
MARTA SEGARRA, ESTER LOZANO, CARLOS NICOLAU, JOSÉ RAMÍREZ, FRANCESC LOMEÑA,
MIGUEL JOSA, FRANCESCA PONS, AND MARIA C. CID

Objective. Giant cell arteritis (GCA) may involve the aorta. Retrospective studies have demonstrated a higher prevalence
of aortic aneurysm among patients with GCA compared with the general population. We investigated the prevalence of
aortic aneurysm in a cohort of patients with biopsy-proven GCA using a defined protocol and assessed whether persisting
low-grade disease activity is associated with higher risk of developing aortic aneurysm.
Methods. Fifty-four patients with GCA (14 men and 40 women) were cross-sectionally evaluated after a median followup
of 5.4 years (range 4.0–10.5 years). The screening protocol included a chest radiograph, abdominal ultrasonography scan,
and computed tomography scan when aortic aneurysm was suspected or changes with respect to the baseline chest
radiograph were observed. Clinical and laboratory data, corticosteroid requirements, and relapses were prospectively
recorded.
Results. Twelve patients (22.2%) had significant aortic structural damage (aneurysm/dilatation), 5 of them candidates for
surgical repair. Aortic aneurysm/dilatation was more frequent among men (50%) than women (12.5%; relative risk 3.5,
95% confidence interval 1.53–8.01, P � 0.007). At the time of screening, patients with aneurysm/dilatation had lower
serum acute-phase reactants, lower relapse rate, and needed shorter periods to withdraw prednisone than patients
without aortic structural damage.
Conclusion. There is a substantial risk of developing aortic aneurysm/dilatation among patients with GCA. Our data do
not support that aneurysm formation mainly results from persistent detectable disease activity. Additional factors
including characteristics of the initial injury or the target tissue may also determine susceptibility to aortic aneurysm/
dilatation.

INTRODUCTION

Giant cell arteritis (GCA) is a granulomatous vasculitis
affecting large and medium-sized vessels. The most com-
mon vascular symptoms of the disease (headache, jaw
claudication, scalp tenderness) derive from inflammatory
involvement of the craniofacial arteries, but other vascular
territories may also be affected (1,2).

Aortic inflammation in patients with GCA was first de-
scribed in the late 1930s/early 1940s (3) and sporadically
reported thereafter (4,5). The prevalence of aortitis in GCA
is unknown but appears to be remarkable. Systematic nec-
ropsy studies performed by Ostberg in 1972 disclosed
aortic inflammation in 12 (92%) of 13 patients with GCA
(4). Due to the lack of appropriate imaging techniques able
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MD, Pedro Arguis, MD, Pilar Paredes, MD, Marta Segarra,
PhD, Ester Lozano, PhD, Carlos Nicolau, MD, José Ramı́rez,
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to detect aortic inflammation in living individuals, the
clinical relevance of aortic involvement has been ne-
glected for years. Currently, computerized tomography or
magnetic resonance imaging can detect thickening, in-
creased mural contrast enhancement, and, possibly,
edema in the aortic wall (6–8), but available data are still
limited. 18F-fluorodeoxyglucose (FDG) uptake measured
by positron emission tomography (PET) scan is emerging
as a useful method to assess inflammatory activity in large
vessels. In recent studies, increased aortic FDG uptake has
been detected in approximately 50–60% of untreated pa-
tients, decreasing after 3–6 months of corticosteroid treat-
ment (9–11).

Aortic inflammation appears to be frequent in GCA but
remains asymptomatic unless structural damage leads to
aneurysm, dissection, or aortic valve dysfunction. All of
these events may have relevant clinical consequences and
increase mortality in patients with GCA (5,12). They may
appear early in the course of the disease or, more fre-
quently, as delayed complications.

The prevalence of aortic structural damage related to
GCA is unknown given that the occurrence of aortic com-
plications has only been evaluated in retrospective, chart-
review studies encompassing long periods. Reported
prevalences range from 9.5% to 18% (13–15). These stud-
ies include patients diagnosed over very extended periods
(20–50 years) including times when awareness of GCA
was lower, treatment delay was longer, recommended cor-
ticosteroid doses were lower, duration of corticosteroid
regimens were more brief, and life expectancy was much
shorter (3,4). These factors may all influence both the
intensity of aortic inflammation and the detection of clin-
ically apparent complications.

Corticosteroid treatment usually elicits satisfactory re-
lief of symptoms as well as normalization of acute-phase
reactants in patients with GCA. However, when cortico-
steroids are tapered, relapses are frequent and persistent
mild to moderate elevation of inflammatory markers can
be observed in a substantial proportion of patients in clin-
ical remission, suggesting subclinical activity (16–18).
Corticosteroid tapering and withdrawal are currently
guided by assessment of clinical activity and acute-phase
reactants, mainly erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP). Based on the reported find-
ing of inflammatory lesions in surgical or necropsy speci-
mens from patients with aneurysm or dissection, there is
some concern regarding whether or not persistent subclin-
ical activity may eventually lead to the development of
these complications (4,19,20). To date, it is not known
whether or not persistent disease activity or persistent
elevation of inflammatory markers is associated with a
higher risk of developing delayed complications such as
aortic aneurysm or dissection.

The goal of our study was 1) to investigate the preva-
lence and distribution of aortic aneurysm/dilatation de-
tected with a defined screening protocol in a series of 54
patients with biopsy-proven GCA who were prospectively
evaluated and treated and 2) to investigate factors associ-
ated with the development of this complication, particu-
larly whether persistent subclinical inflammatory activity

or a smoldering/relapsing course is associated with higher
incidence of aneurysm formation.

PATIENTS AND METHODS

Patient selection. Between September 1995 and July
2001, 125 patients were diagnosed with biopsy-proven
GCA at our department (Internal Medicine, Hospital
Clı́nic, Barcelona, Spain). Seven were subsequently
treated and followed at other departments/institutions, 16
died during followup, 5 were transferred to nursing homes
for advanced dementia, and 38 were lost or had incom-
plete followup for a variety of reasons, including moving
to other regions or not returning for periodic visits by
study physicians after successful corticosteroid with-
drawal. During the planned study period (2000–2005), 59
patients had already completed or would complete a pro-
spective followup of at least 4 years and were considered
eligible for aneurysm screening. This period was arbi-
trarily selected on the basis that aneurysm is considered to
be a delayed complication. Five of the 59 patients declined
participation due to advanced age or comorbidities and the
remaining 54 agreed to participate and were included.

All patients were prospectively treated and followed by
the investigators according to a defined protocol. All pa-
tients received an initial prednisone dosage of 1 mg/kg/
day (up to 60 mg/day) for 1 month. Subsequently, pred-
nisone was tapered 10 mg/week. Reduction below 20 mg/
day was slower and individualized. A further reduction to
a maintenance dosage of 10 mg/day was attempted over a
2-month period. If tolerated, reduction to 7.5 mg/day was
attempted after 3 months and maintained for 3 additional
months. A maintenance dosage of 5 mg/day was attempted
for 6 months. If patients were asymptomatic with normal
acute-phase proteins and ESR �40 mm/hour, tapering at
an approximate rate of 1 mg per 3 months was attempted
until discontinuation. If patients responded well but ele-
vation of acute-phase proteins persisted, the maintenance
dosage of 5 mg/day was maintained for 1 year before
attempting withdrawal. If the ESR increased to �40 mm/
hour, the corticosteroid dose was held for 2 months and if
no clinical symptoms appeared, tapering was attempted
again. Relapse was defined as reappearance of disease-
related symptoms. Persistent malaise and anemia with
elevation of acute-phase reactants were also considered
relapses if they were not attributable to other causes after
detailed evaluation and if they resolved after increasing
steroids. When a relapse occurred, prednisone dosage was
increased by 10 mg/day above the previous effective dose.
Clinical findings and laboratory values at the time of diag-
nosis were prospectively recorded. These included ESR,
CRP level, haptoglobin, �2-globulin, blood cell counts, and
liver function tests by usual automatized systems.

Screening protocol. Patients were screened once be-
tween 2000 and 2005 at their regular followup visits. Pa-
tients underwent a medical interview, complete physical
examination, routine blood tests, and detection of serum
concentration of proinflammatory cytokines (interleukin-6
[IL-6], tumor necrosis factor �, and IL-18). These were
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determined by immunoassay (R&D Systems, Minneapolis,
MN) according to the instructions of the manufacturer.
Chest radiography was performed in all patients and care-
fully compared with that performed at the time of diagno-
sis. When aortic dilatation or changes with respect to the
baseline radiograph were suspected, a contrast-enhanced
spiral chest computed tomography (CT) scan was per-
formed. The diameter of the aorta was measured at 3
different levels (ascending aorta, aortic arch, and descend-
ing aorta). Significant aortic structural damage was consid-
ered when an aortic aneurysm was found (defined as focal
dilatation of the aortic wall) or when the aortic wall was
diffusely dilated with a diameter �4 cm in the ascending
aorta or at least 4 cm in the aortic arch and descending
aorta. The aortic diameter at the same levels was measured
in 28 consecutively selected age- and sex-matched indi-
viduals who underwent a chest CT scan for melanoma or
gastric cancer as routine followup. The abdominal aorta
was evaluated by ultrasonography. Prednisone require-
ments and relapse rate were prospectively recorded in all
patients.

FDG uptake assessment by PET scan. To assess
whether aneurysm development could be related to detect-
able subclinical inflammation, FDG uptake was evaluated
by PET scan in 11 patients with GCA (7 with and 4 without
aortic aneurysm or dilatation, all confirmed by CT scan), in
4 age- and sex-matched controls randomly selected among
patients undergoing evaluation for cancer staging, and in 3
patients with noninflammatory thoracic aortic aneurysm
who were scheduled for surgery. In these latter patients,
the noninflammatory nature of the aortic aneurysm was
confirmed by histopathologic examination after surgical
repair. Two of the patients had aortic aneurysm secondary
to myxoid degeneration of the aortic valve and 1 had
severe atherosclerosis. Funding limitations precluded ex-
tension of PET scan study to the entire series.

After a fasting period of 6 hours and after verifying a
blood glucose concentration �120 mg/ml, 370 MBq of
FDG was injected intravenously and PET/CT was per-
formed with a Biograph (Siemens Medical Solutions, En-
largen, Germany). Whole-body images from the base of the
skull to mid-femur were acquired 50 minutes after the
radiotracer injection. CT parameters were 50 mA, 130 kV,
and 8-mm sections. Iterative reconstruction was per-
formed and attenuation correction was based on CT. At-
tenuation-corrected and nonattenuation-corrected images
were evaluated by 2 independent investigators. The max-
imum standard uptake value (SUV) and the median SUV
were obtained from a zone of interest drawn on sagittal
slices over the thoracic aorta. The study was approved by
our local ethics committee and all patients gave informed
consent.

Immunohistochemistry and gelatin zymography. Serial
4–6-�m cryostat sections from a surgically removed aortic
segment from a patient with GCA were air dried and fixed
with cold acetone. Sections were incubated with a poly-
clonal rabbit anti-human matrix metalloprotease 2
(MMP-2; Chemicon, Temecula, CA) at 1:500 dilution or a

mouse monoclonal anti-human MMP-9 (clone GE-213;
Chemicon) at 1:1,000 dilution. Immunoglobulins obtained
from the same species as the primary antibodies were used
as negative controls at the same concentrations. Immuno-
detection was carried out with an HRP-labeled polymer
conjugated to secondary antibodies (EnVision kit from
Dako, Carpinteria, CA).

Elastic fibers were stained with 1% Shikata’s orcein
(Scharlau Chemie, Barcelona, Spain) in 70% ethanol. Gel-
atin zymography of tissue extracts from a normal temporal
artery, a temporal artery with active GCA lesions, and a
surgically excised GCA-related thoracic aortic aneurysm
was performed as described (21).

Statistical analysis. Mann-Whitney U test and Stu-
dent’s t-test, when applicable, were applied to quantitative
data. Kruskal-Wallis test was used for multiple compari-
sons. Fisher’s exact test was used for contingency tables.

Table 1. Description of aortic characteristics in patients
with aortic structural damage

Patient Aortic characteristics

1 Diffuse dilatation of aortic root and
ascending aorta, maximum diameter of 5.7
cm. Moderate aortic insufficiency
secondary to dilatation. Surgical repair
declined because of age and concomitant
diseases.

2 Diffuse dilatation of thoracic aorta with
maximum diameter of 6 cm in ascending
aorta. The aneurysm was surgically
repaired. The histology showed moderate
inflammation in adventitia and scattered
inflammatory foci in the media layer.

3 Aneurysm of ascending aorta and aortic root
with maximum diameter of 7.3 cm and
severe aortic insufficiency. Surgical repair
refused because of age and concomitant
diseases.

4 Dilatation of ascending aorta with maximum
diameter of 5 cm and important dilatation
of aortic arch. Moderate aortic
insufficiency. The patient refused surgical
repair.

5 Aneurysm of ascending aorta with
maximum diameter of 5.8 cm. Moderate
aortic insufficiency secondary to
dilatation. The aneurysm was surgically
repaired. The histology showed moderate
atherosclerosis with moderate chronic
inflammation in the intima and adventitia.

6 Aneurysm of ascending aorta with maximum
diameter of 5 cm.

7 Aneurysm of ascending aorta with
maximum diameter of 4.8 cm.

8 Aneurysm of abdominal aorta (5.1 � 3.1 �

2.9 cm).
9 Dilatation of the ascending aorta (4.5 cm).

10 Dilatation of the ascending aorta (4.2 cm).
11 Dilatation of the aortic arch (4 cm).
12 Dilatation of the aortic arch and the

descending aorta (4 cm).
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The time required to achieve a stable maintenance pred-
nisone dosage �10 mg/day and the time until definitive
corticosteroid withdrawal were analyzed by the Kaplan-
Meier survival analysis and compared by the log rank test.

RESULTS

Prevalence and characteristics of aortic structural dam-
age in patients with GCA. Changes in the screening chest
radiograph led to the performance of a chest CT scan in 28
(52%) patients. Significant structural abnormalities in the
thoracic aorta were confirmed in 11 patients. In the re-
maining 17, suspected changes observed in the radiograph
were positional or due to aortic elongation or hiatal hernia.
No thoracic aortic aneurysm was found among controls
and only 2 had an ascending aorta diameter �4 cm. Aortic
diameters among individuals considered not to have aortic
dilatation tended to be higher in patients with GCA at the
level of the descending aorta when compared with con-
trols (median 2.5 cm, range 2.1–3.6 versus median 2.3 cm,
range 2–2.8; P � 0.018). No significant differences were
found in the other segments. This finding indicates that a
low degree of structural damage leading to slight diffuse
dilatation is common in patients with GCA.

Ultrasonography revealed abdominal aortic aneurysm in
only 1 patient. Overall, 12 (22.2%) patients developed sig-
nificant structural aortic damage (aneurysm or dilatation)
during a median followup of 5.4 years (range 4–10.5 years).

A brief description of the abnormalities detected is
shown in Table 1. In 5 patients surgery was recommended
because of the size of the aneurysm or resulting aortic
valve insufficiency. Two of these patients underwent suc-
cessful surgical repair of the aneurysm. One patient re-
fused intervention. In the remaining 2 patients, surgery
was eventually declined because of advanced age and

comorbidities. Incidentally, the screening protocol led to
the discovery of a thoracic hydatid cyst in 1 patient, lung
cancer in 1 patient, hypernephroma in 1 patient, and ovar-
ian mucinous cystadenoma in 1 patient.

Clinical findings associated with the development of
significant aortic structural damage. No significant differ-
ences in age, duration of followup, or initial clinical man-
ifestations were found between patients with and without
aortic structural damage. The prevalence of traditional
cardiovascular risk factors did not differ among patients
with or without aortic structural damage except for hyper-
cholesterolemia, which, surprisingly, was more frequent
among patients who did not develop aortic structural dam-
age (relative risk [RR] 0.29, 95% confidence interval [95%
CI] 0.081–1.062, P � 0.021). In our series, significant aortic
structural damage was detected in 50% of men but only
12.5% of women (RR 3.5, 95% CI 1.529–8.014, P � 0.007)
(Table 2). Interestingly, patients who later developed aor-
tic aneurysm/dilatation tended to have lower concentra-
tions of acute-phase reactants at the time of diagnosis
compared with patients who did not develop significant
aortic damage (Table 3). When the overall intensity of the
acute-phase response was evaluated combining clinical
and analytical abnormalities as reported (22), aneurysm/
dilatation was significantly more frequent among patients
with a weak systemic inflammatory reaction (RR 1.7, 95%
CI 1.166–2.626, P � 0.046) (Figure 1A). This was unex-
pected given that patients with strong acute-phase re-
sponse usually have more resistant disease (22).

At the time of screening, all patients were in clinical
remission. Twenty-seven were in stable remission without
therapy and 27 still required low doses of corticosteroids
(median dosage 3.75 mg/day, range 1.25–12.5). No signif-
icant differences in clinical outcome during followup were
observed between patients with and without aortic abnor-

Table 2. Clinical data at baseline of patients with and without aortic abnormalities*

Altered aorta
(n � 12)

Normal aorta
(n � 42) P

Sex, male/female 7/5 7/35 0.007
Age, median (range) years 76 (70–89) 79 (63–91) NS
Followup, median (range) years 5.4 (4–8.5) 5.5 (4–10.5) NS
Duration of symptoms, median (range) weeks 10 (2–52) 16 (1–104) NS
Cranial symptoms

Headache 75 83 NS
Jaw claudication 25 50 NS
Scalp tenderness 25 57 NS
Ischemic events 0 19 NS

Systemic symptoms
Polymyalgia rheumatica 42 52 NS
Fever 25 43 NS
Weight loss 58 52 NS

Vascular risk factors
Smoking 8 5 NS
Hypertension 75 79 NS
Diabetes 17 12 NS
Hypercholesterolemia 17 57 0.021

* Values are the percentage unless otherwise indicated. Vascular risk factors have been determined at
baseline or during proper followup. NS � not significant.
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malities. Contrary to what was expected, patients with
aneurysm/dilatation did not show a smoldering or relaps-
ing course that might indicate stronger persisting inflam-
matory activity. In fact, as shown in Figure 1B, aneurysm/
dilatation tended to be more frequent among patients who
did not have recurrences compared with those who had a
relapsing course (RR 2.9, 95% CI 1.214–7.965, P � 0.05).
No significant differences in cumulated prednisone dos-
ages during the first year (mean � SD 6.3 � 1.3 gm versus
6.2 � 1.8; P � 0.86) or in the time required to reach a
maintenance daily prednisone dosage �10 mg were ob-
served between patients with or without significant aortic
structural damage. However, patients with aortic struc-
tural damage needed shorter periods to withdraw pred-
nisone therapy than patients without aortic structural
damage (Figures 1C and 1D). At the time of screening, no
significant differences in proinflammatory cytokine con-
centrations were observed between patients with or with-
out aortic structural damage. Nevertheless, patients with
aortic structural damage had significantly lower ESR (P �

0.001) and higher concentrations of hemoglobin (P �

0.005) than patients without significant aortic structural
damage (Table 3). Although these data should be con-
firmed in larger series, they suggest that persistent subclin-
ical inflammatory activity is not the major determinant of
aneurysm formation in patients with GCA and that other
factors may be involved.

FDG positron emission tomography. None of the pa-
tients examined showed remarkable FDG uptake by aortic
tissue, as has been reported in active disease (9–11). Ac-
curate measurement of maximal and median SUV did not
show significant differences between patients with GCA-
related aneurysm and patients with GCA with no aneu-
rysm, controls, or patients with noninflammatory aneu-

rysm (Figure 2). The intensity of uptake was much lower
than that reported in active patients and similar to that
found in patients in remission or patients with atheroscle-
rotic lesions. Although the number of patients examined
was small, these findings suggest that, in appropriately
treated patients, the development of aneurysm is not
mainly related to major differences in persistent, detect-
able, local inflammatory activity.

Histopathologic examination of aortic specimens. Sur-
gically removed specimens showed inflammatory infil-
trates in the adventitial layer in both 2 patients with GCA
and 3 patients with noninflammatory aneurysm. Scat-
tered inflammatory foci were seen in the media only in
patients with GCA and in the patient with severe athero-
sclerosis. No dense granulomatous lesions or giant cells
were observed. Remaining foci of inflammatory cells im-
munostained positive for MMP-9 and MMP-2 (Figure 3A).
MMP-2 expression by vascular smooth muscle cells was
also observed. Elastic fibers were markedly disrupted in
areas with remaining inflammatory cells, but also in many
additional areas devoid of inflammatory infiltrates (Figure
3B). Gelatin zymography of tissue extracts revealed
MMP-9 gelatinolytic signal in the temporal artery with
active inflammatory lesions, whereas in a normal temporal
artery and in a GCA-related aneurysm MMP-9 gelatinolytic
signal was faintly detectable. MMP-2 gelatinolytic signal
was observed both in active GCA lesions and in GCA-
related aneurysm (Figure 3C).

DISCUSSION

Systematic screening of a cohort of 54 patients with biop-
sy-proven GCA demonstrated that 12 (22.2%) patients had

Table 3. Laboratory parameters at baseline and at the time of evaluation*

Altered aorta Normal aorta P

At diagnosis
ESR, mm/hour 87 � 24 95 � 28 NS
CRP, mg/dl 6.5 � 5.7 10 � 9.3 NS
Haptoglobin, gm/liter 3.2 � 1.27 4 � 1.73 NS
Hemoglobin, gm/dl 117 � 18 110 � 15 NS
Alkaline phosphatase, units/liter 227 � 80 283 � 212 NS
GGT, units/liter 66 � 107 48 � 51 NS
Proteins, gm/liter 68 � 8 68 � 7 NS
Albumin, gm/liter 34 � 5 35 � 5 NS
�2-globulin, gm/liter 8.4 � 2.5 10.2 � 3.6 NS
Platelet count, � 109/liter 292 � 52 341 � 110 NS

At screening
ESR, mm/hour 18 � 9 34 � 14 0.001
CRP, mg/dl 0.9 � 1.4 1.1 � 0.8 NS
Haptoglobin, gm/liter 1.38 � 0.62 1.73 � 0.51 NS
Hemoglobin, gm/dl 141 � 17 128 � 12 0.005
IL-6, pg/ml 13 � 8 24 � 39 NS
TNF�, pg/ml 30 � 19 32 � 13 NS
IL-18, pg/ml 290 � 132 288 � 159 NS

* Values are the mean � SD unless otherwise indicated. ESR � erythrocyte sedimentation rate; NS � not
significant; CRP � C-reactive protein; GGT � gamma glutamyl transpeptidase; IL-6 � interleukin-6;
TNF� � tumor necrosis factor �; IL-18 � interleukin-18.
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significant aortic structural abnormalities (aneurysm or
diffuse dilatation) after a median followup of 5.4 years.
Thoracic aneurysms were much more frequent than abdom-
inal aneurysms, as reported in retrospective studies.

Our screening method, chosen on the basis of its reason-
able cost:benefit ratio and feasibility in general clinical
practice, relied on a careful examination of a chest radio-
graph and an abdominal ultrasound, which may have re-
duced sensitivity. It is possible that performing echocar-
diography in patients with aortic murmurs, as recently
suggested by Bongartz and Matteson (7), would increase
sensitivity. Systematic screening with more sensitive im-
aging techniques such as CT scan would have probably
revealed a higher prevalence of subtle aortic structural
abnormalities, although perhaps not always clinically rel-
evant. Despite the potential limitations of the screening
method applied, the prevalence of aortic structural dam-
age observed is higher than that reported in retrospective
studies over a much more extended period. Based on the
size of the aneurysm or the resulting aortic valve insuffi-
ciency, 5 patients (9.2% of the global series and 42% of

those with aneurysm or dilatation) were considered can-
didates for surgery. The development of aortic structural
damage is, therefore, a major health threat in the outcome
of patients with GCA, with a potentially increasing impact
given the growing life expectancy of elderly persons in
developed countries.

A relevant question arising from the recognition of aortic
aneurysm/dilatation as a major and frequent complication
of GCA is whether aortic structural damage appears as a
consequence of the initial injury or develops progressively
due to persisting, low-grade inflammatory activity. Con-
cerns about the potential development of aortic damage
as a consequence of persisting low-grade inflammatory
activity despite an apparently appropriate response to ste-
roids arise from the repeatedly reported finding of inflam-
matory infiltrates in surgical or necropsy aortic specimens
(4,19,20). However, a critical analysis of the reported cases
reveals that the characteristics and extent of inflammatory
infiltrates as well as the dose and duration of the cortico-
steroid treatment received until surgery or necropsy are
not described in detail in most reports. Therefore it is not

Figure 1. Systemic inflammatory response and clinical outcome in patients with giant cell arteritis with or without aortic structural
damage. A, The proportion of patients with aortic structural damage was higher among patients with weak systemic inflammatory response
(SIR; relative risk 1.7, 95% confidence interval 1.17–2.63, P � 0.046). Weak SIR was defined as the presence of �2 of the following:
erythrocyte sedimentation rate �85 mm/hour, hemoglobin �110 gm/liter, fever �37°C, and weight loss �3 kg. Strong systemic inflam-
matory response was defined as the presence of 3–4 of the above items (20). B, Aortic structural damage did not preferentially occur in
relapsing individuals. In contrast, aortic structural abnormalities tended to be more frequent among patients in sustained remission. C,
Percentage of patients requiring �10 mg of daily prednisone over time. D, Percentage of patients requiring prednisone treatment over time.
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clear whether active or residual inflammation is observed
and whether specimens are obtained during active disease
or in patients in remission under the current treatment
strategy in terms of dose and duration of corticosteroids
(13,20,23). Dense granulomatous lesions are usually de-
scribed in specimens obtained from patients dying from
aortic complications during active disease or in patients
treated with low corticosteroid doses or treated for short
periods (4,13). This important point was addressed by Lie
who examined 35 aortic specimens from patients with
GCA (19). Lie remarked that active granulomatous lesions
were found in patients in whom the samples were ob-
tained shortly after diagnosis, whereas the intensity and
extent of inflammatory infiltrates were lower in treated
patients. Our data, obtained from a cohort of prospectively
treated patients according to the current standard of care,
do not support that patients with smoldering or relapsing
disease or patients with persistently elevated acute-phase
reactants or proinflammatory cytokines are more prone to
develop aneurysm/dilatation. The aortic specimens ob-
tained during elective surgery from 2 of our patients
showed scattered inflammatory foci in the media. Infiltrat-
ing leukocytes immunostained positive for MMP-2 and
MMP-9. MMPs, particularly MMP-9, have been considered
to be involved in elastin degradation and generation of
aortic aneurysm in several models (24–27). However, gel-
atinolytic signal of MMP-9, which is mainly produced by
activated inflammatory cells, was faint in aortic aneurysm
compared with active GCA lesions in a temporal artery
obtained at diagnosis. In contrast, active MMP-2, which
can also be expressed by vascular smooth muscle cells and
is involved in vascular reparative mechanisms (28,29),
was detected equally in both active GCA lesions and aortic
aneurysm. We cannot exclude that remaining infiltrates or

MMP-2 produced during vascular remodeling increases
vessel wall damage over the years. However, persisting
inflammatory infiltrates were very scarce, whereas elastic
lamellae disruption, which is an early finding in experi-
mental aneurysm formation (24), was extensive, possibly
as a consequence of the initial inflammatory injury.

Characteristics of the target tissue may play a significant
role in the extent of the initial injury. Some patients may
have unique substrate characteristics in their aortic tissue,
making it more susceptible to aortic inflammation,
whereas in others the aorta may remain relatively spared.
Once inflammation and injury are established, character-
istics of vascular remodeling may vary in different aortic
segments. Necropsy studies have indeed demonstrated
that inflammatory lesions in GCA equally target the tho-
racic and the abdominal aorta (4). This is in accordance
with recent studies showing a similar proportion of tho-
racic and abdominal FDG uptake in individuals with ac-
tive disease (11). However, in all series, thoracic aneu-
rysms are much more frequent than abdominal aneurysms
in patients with GCA (12–15). Thoracic and abdominal
aortas differ greatly in lumen diameter, wall thickness,
vasa vasorum density, content of elastic and collagen fi-
bers, propensity to atherosclerosis, and susceptibility to
infection-induced vasculitis (30,31). Thoracic and abdom-
inal aortas may then respond differently to inflammatory
injury. In addition, the thoracic aorta is subjected to a
higher pressure, which might favor progressive dilatation
of a weakened wall. Sex may also influence the develop-
ment of aortic damage. In our series, aortic structural ab-
normalities were more frequently observed in men. Male
predominance in susceptibility to experimental aortic an-
eurysms has also been demonstrated in experimental set-
tings (32,33).

Figure 2. 18F-fluorodeoxyglucose aortic uptake in patients with giant cell arteritis (GCA) according to the presence or absence of aortic
aneurysm/dilatation. A, Positron emission tomography scan of a patient with GCA-related aneurysm (left) compared with a patient with
noninflammatory aneurysm (right). B, Measurement of standard uptake value (SUV) maximal (Max) and median (Med) in patients with
GCA and aortic aneurysm (GCA	, AA	), patients with GCA with a normal aorta (GCA	, AA�), patients with noninflammatory
aneurysm (GCA�, AA	), and control individuals (GCA�, AA�).
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Contrary to data gathered from retrospective studies
(14,15), we did not observe a higher prevalence of aortic
structural damage in patients with traditional cardiovas-
cular risk factors. This may be due to the prospective
nature of this study, in which tight control of vascular risk
factors was part of the therapeutic approach. The higher
prevalence of hypercholesterolemia, and consequently sta-
tin therapy, among patients with a preserved aortic wall
raises the hypothesis of statins as protective agents against
aortic wall structural damage.

In summary, prospective screening shows that a remark-
able proportion of patients with GCA develop aneurysm/
dilatation, in some instances severe enough to warrant
surgical repair. The life-threatening nature of the potential
complications derived from aortic structural damage indi-
cates that patients with GCA should be subjected to a
continuous surveillance by clinical examination and im-
aging. Our data do not support that in patients treated

according to the current standard of care, aortic aneurysm
formation results mainly from persistent activity; our data
suggest interplay of heterogeneous factors. Investigating
mechanisms involved in the development of aortic struc-
tural damage and its progression is of major relevance for
patients with GCA.
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Figure 3. Histopathologic examination of the aortic wall in a patient with giant cell arteritis (GCA)–related aneurysm. A, Hema-
toxylin/eosin (H/E) staining showing scattered chronic inflammatory foci in the media and serial sections showing matrix
metalloprotease 2 (MMP-2) and MMP-9 expression by inflammatory cells (magnification � 200). B, Lower magnification (magnifi-
cation � 40) covering a wider area and showing a paucity of inflammatory infiltrates; orcein staining of elastic lamellae in a serial
section displaying multiple foci of disruption in areas devoid of inflammatory infiltrates. C, Gelatin zymography of tissue extracts
(80 �g/lane) from a normal temporal artery (TA); a TA with active, treatment-naive GCA lesions; and a GCA-related thoracic aortic
aneurysm (AA). MMP-9 is only detected in active GCA lesions whereas active MMP-2 can be detected both in active lesions and in
the GCA-related aneurysm. ProMMP � Promatrix metalloprotease.
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ABSTRACT 

Objectives. Receptor activator of nuclear factor-κB (RANK) ligand (RANKL) and 

their receptors, RANK and osteoprotegerin (OPG) are members of the TNFα

superfamily with regulatory functions over immune and vascular responses. We 

tried to investigate the expression and clinical relevance of these cytokines in 

patients with giant-cell arteritis (GCA).  

Methods. Plasma levels of soluble RANKL (sRANKL) and OPG were determined 

by enzyme-linked immunosorbent assay in 50 patients and 14 controls.  

Immunohistochemical expression of RANKL, RANK and OPG and mRNA 

quantification of RANKL and OPG was evaluated in 29 GCA-temporal arteries and 

compared with control arteries. Clinical manifestations, intensity of the systemic 

inflammatory response (SIR), number of relapses and corticosteroid requirements 

were recorded. RANKL and OPG gene expression was also compared with the 

expression of other inflammatory mediators.   

Results. Circulating levels of sRANKL and OPG did not show differences between 

patients and controls. However, immunohistochemical expression of RANKL and 

RANK was not detected in control arteries but was remarkable in GCA-temporal 

arteries, mainly in areas of granulomatous inflammation within the media. OPG 

was strongly expressed by endothelial cells in both GCA- and control temporal 

arteries and in a less intense way by the inflammatory infiltrate and smooth muscle 

cells. mRNA RANKL quantification was higher in patients than in controls. 

Although, mRNA RANKL was higher in patients with a strong SIR it was not 

correlated with clinical features or patients outcome. OPG mRNA levels correlated 

with the expression of other inflammatory mediators.  



Conclusions. RANKL/OPG system is highly expressed in GCA-temporal arteries 

although its expression does not appear to be associated with disease phenotype 

or clinical outcome. However, we cannot rule out a possible role of these cytokines 

in vascular remodelling responses. 



INTRODUCTION 

Giant cell arteritis (GCA) is a granulomatous large- and medium-sized 

vessel vasculitis. Antigen exposure triggers de activation of resident immature 

dendritic cells in the adventitia. Once activated, dendritic cells become antigen 

presenting cells, secret chemokines and recruit CD4+ T cells into the artery wall 

providing necesary costimulatory signals to trigger T-cell activation and secretion of 

interferon γ (IFNγ), a pivotal cytokine in the Th1 immune response. Infiltrating 

macrophages and structural vascular cells secret pro-inflammatory cytokines, 

reactive oxigen intermediates and growth and angiogenic factors leading to 

vascular damage and abnormal vascular remodelling that may eventually have 

clinical consequences for patients, such as ischemic symptoms due to intimal 

hyperplasia and luminal narrowing or, development of aortic aneurysms. (1-3) 

TNFα had been considered a pivotal cytokine in the maintenance of the 

inflammatory activity in patients with GCA since TNFα production was correlated 

with number of relapses and corticosteroid requirements. (4-5) However, the 

blockade of TNFα with infliximab failed to show any corticosteroid-sparing effect 

suggesting the involvement of other mediators in the maintenance of disease 

activity. (6)  

In the late 1990s, novel members of the TNF/TNF receptor superfamily 

were identified. Receptor activator of NF-κB (RANK) ligand (RANKL), its 

membrane receptor, RANK and, its decoy receptor, osteoprotegerin (OPG) 

emerged as the final effectors of osteoclast activity and bone resorption. (7) 

Surprisingly, studies in animal models revealed regulatory functions of these 

cytokines over immune and vascular responses. (8-10)   



In in vitro studies, RANKL increases the survival of dendritic cells, T cells 

and monocytes-macrophages and up-regulates the expression of proinflammatory 

cytokines, chemokines, co-stimulatory molecules, and cell adhesion molecules. 

(11-19) In animal models of sepsis, RANKL blockade suppressed the secretion of 

IFN-γ by activated T cells protecting mice from death. (20-21) IFN-γ is thought to 

be a key cytokine conducting the granulomatous inflammatory response in GCA 

affected vessels. These results suggest interesting inmunomodulatory functions of 

RANKL in GCA.  

The RANKL/OPG system has also been involved in vascular homeostasis. 

OPG is a constitutive molecule of vascular cells (endothelial and vascular smooth 

muscle cells). After an inflammatory stimulus, OPG is released from the Weibel-

Palade bodies in endothelial cells triggering cellular responses in the vascular bed 

such as up-regulation of cell adhesion molecules by endothelial cells or smooth 

muscle cell proliferation and migration. (22-24) This might be of interest in GCA 

arteries since smooth muscle cells evolve from their quiescent and contractile 

phenotype to proliferating and secreting cells that migrate into the intima leading to 

intimal hyperplasia and ischemic manifestations. Neovascularization is also a 

remarkable finding in GCA lesions. RANKL and OPG have also shown angiogenic 

properties in studies in vitro and in vivo models with contradictory results (25-28). 

OPG increases endothelial cell survival through integrin union and by blocking the 

tumor necrosis factor-related apoptosis inducing ligand (TRAIL), another member 

of the TNFα superfamily with apoptotic properties (29-31). 

In summary, the RANKL/RANK/OPG axis is expressed by inflammatory 

and constitutive vascular cells. The expression of these cytokines may be 

regulated by cytokines and growth factors secreted in GCA lesions (32-34). In 



addition, RANKL and OPG might induce immune and vascular cellular responses. 

Under these circumstances, we suggest that these cytokines might play a role in 

the pathogenesis of a primary vascular inflammatory disease such as GCA. This is 

the first attempt to study the role of these cytokines in GCA.   

PATIENTS AND METHODS 

Patients  

Between 1996 and 2003, 110 patients were diagnosed with biopsy-proven 

GCA in our institution (Hospital Clinic, Barcelona). Clinical data were collected at 

the time of diagnosis and recorded in a database. Plasma-EDTA was obtained 

during active disease, before starting therapy or after a single prednisone dose and 

stored at -80º. Plasma levels of soluble RANKL (sRANKL) and OPG were 

determined by enzyme-linked immunosorbent assay in 50 patients and compared 

with 14 healthy controls with similar age and gender distribution. Temporal arteries 

were also obtained before starting therapy or after a single prednisone dose, 

included in OCT and stored at -80º. Immunohistochemical expression of RANKL, 

RANK and OPG was studied in 29 patients and compared with control arteries. 

Gene expression of RANKL and OPG was also determined in temporal artery 

tissue from 29 patients and 10 controls. All GCA-temporal arteries exhibited a 

panarteritic inflammatory infiltrate. Control temporal arteries were obtained from 

patients in whom GCA was initially considered but subsequently excluded. These 

patients were finally diagnosed with isolated polymyalgia (two patients), non 

vasculitic palsy of the VI cranial nerve (one patient), leukaemia (one patient), 



rheumatoid arthritis (one patient), non specific headache (two patients) and chronic 

secondary anemia (three patients).  

Clinical findings of the study group were similar to previously published 

series and are summarized in table 1. Patients were treated according to uniform 

criteria. The initial prednisone dose was 1 mg/kg per day for 1 month and was 

subsequently tapered 10 mg/week. Reductions below 20 mg/day were slower and 

individualized. A further reduction to a maintenance dosage of 10 mg/day was 

attempted over a 2-month period. The intensity of the systemic inflammatory 

response was evaluated according to the following parameters at diagnosis: fever, 

weight loss > 3 kg, ESR ≥ 85 mm/hour and hemoglobin < 110 g/l. (4) It was 

considered weak if patients had 0-2 inflammatory parameters and strong when 

they had more than 2 parameters. Follow-up data included number of relapses and 

glucocorticosteroid requirements assessed as time (weeks) necessary to achieve a 

maintenance prednisone dose < 10 mg/day, cumulated prednisone dose at that 

point, cummulated prednisone dose during the first year of follow-up and time to 

stop therapy.  

The study was approved by the Ethics Committee of our institution 

(Hospital Clínic). Patients signed informed consent for the collection and storage of 

biologic material.  

Measurement of circulating sRANKL and OPG  

Circulating sRANKL and OPG were measured in the cohort of patients and 

controls by using Biomedica Immunoassays according to the manufacture’s 

instructions (sRANKL: cat nº BI-20422 H, OPG: cat nº BI-20402). The detection 

limit of these kits were 0.08 pM/l for sRANKL and 0.14 pM/l for OPG.     



Immunohistochemical study  

We obtained 4-6 μm cryostat sections from frozen temporal arteries. 

Temporal artery sections were stained with the following antibodies: monoclonal 

mouse antihuman-OPG, polyclonal goat antihuman-RANK and monoclonal mouse 

antihuman-RANKL (from R&D Systems). Preliminary studies were carried out to 

determine the optimal concentration of the antibodies providing the strongest 

specific staining with the lowest background. Anti-OPG was used at a 1/125 

dilution, anti-RANK at a 1/25 dilution and anti-RANKL at a 1/150 dilution. Temporal 

artery sections were air-dried and fixed with cold acetone. Then sections were 

incubated with the secondary antibodies (from the EnVision-Dako) according to the 

manufacture’s protocol. The extension and distribution of cytokine immunostaining 

was evaluated at the media and the intima layer using a semiquantitative score 

from 1 to 4 according to the portion of the artery circumference stained (1: ≤ 25%, 

2: 26-50%, 3: 51-75%, 4: 76-100%). Artery sections were independently evaluated 

by two investigators (MCC and AGM) and when the score was not coincident (< 

10%), the average was considered.  

Cytokine mRNA quantification  

Total RNA was obtained from 120 serial sections of 5 μ thick per temporal 

artery sample using Trizol following the manufacture’s instructions. One μg of total 

RNA was reverse transcribed to cDNA using the Archive kit (Applied Biosystems, 

Foster City, CA) employing random hexamers as the priming method. Samples 

were stored at -20º until use. RANKL and OPG expression was measured by real-

time PCR using specific Assay-on-Demand Taqman Gene expression probes from 



Applied Biosystems. Target probes and internal control probe (GUSb) were 

covalently linked to a reporter dye (FAM). PCR reaction was performed with 2 µl of 

cDNA together with Taqman PCR Universal Master Mix (Applied Biosystems) and 

the corresponding primers and probe. Each sample was tested twice. PCR reaction 

conditions followed the standard procedure established by the manufacturer. PCR 

was monitorized by measuring the fluorescence signal after each cycle with ABI 

Prism 7900 sequence detection system (Applied Biosystems). CT Values (cycle 

number where fluorescence overpassed a fixed threshold) were obtained for each 

target probe and normalized with the corresponding CT values for the internal 

control (GUSb). mRNA quantity was expressed as relative units.  

mRNA RANKL and OPG quantification was compared with the expression 

of other inflammatory mediators: IL-6 (18 patients), IL-1 (18 patients), TNFα (24 

patients), IFNγ (26 patients), TGFβ (27 patients), MMP-2, MMP-9, MMP-12, MMP-

14, TIMP-1 and TIMP-2 (29 patients).  (5, 35-36) 

Statistical analysis  

U-Mann Whitney test was used for comparing quantitative variables, 

Spearman test for correlations, and Fisher test for contingency tables.  

RESULTS  

Circulating levels of sRANKL and OPG 

Plasma concentrations of OPG were higher in patients than in controls 

although the difference did not reach statistical significance (mean 7,731 ± 2,822 

vs 6,279 ± 2,384 pM/L, p=0.083). Plasma levels of sRANKL hardly exceeded the 



detection limit and did not show differences between patients and controls (mean  

0,525 ± 0,161 vs 0,471 ± 0,138 pM/L). We found a positive correlation between 

OPG levels and age of patients (r=0,428, p<0.001).   

Immunohistochemical expression of RANKL, RANK and OPG in temporal 

arteries  

RANKL and RANK were not detected by inmunohystochemistry in control 

temporal arteries but were highly expressed in temporal arteries from patients with 

GCA. (Figure 1) Areas of inflammatory infiltrate exhibited the most intense 

immunostaining, specially macrophages and giant cells contributing to the 

granulomatous inflammation within the media. The expression of these cytokines 

was mostly concentrated in cell membranes. (Figure 2) Smooth muscle cells 

showed a diffuse but less intense expression of both cytokines. Diffuse RANKL 

staining but not RANK was observed around the luminal edge beneath the 

endothelial cell layer speacially in arteries with important intimal hyperplasia.  

OPG was also expressed by inflammatory infiltrates and smooth muscle 

cells in GCA temporal arteries but in a less intense way than RANKL and RANK. 

OPG was also intensively expressed in giant cell membranes. Similarly to RANKL, 

some arteries exhibited OPG expression at the intima, beneath the endothelial cell 

layer. Opposite to RANKL, OPG expression at the intima was more frequent in 

arteries with low degrees of intimal hyperplasia. However, the most intense 

immunostaining of OPG was observed in endothelial cells from both control and 

GCA-temporal arteries. Vasa vasorum and neovessels within the media also 

exhibited intense OPG expression. (Figure 1)  



Sixty-nine percent of patients exhibited a strong RANKL expression (score 

3 or 4) and 31 % a low RANKL expression (score 1 or 2) by immunohistochemistry. 

For OPG we considered a strong expression when the immunostaining score was 

equal or higher than 2, as OPG was less intensively expressed than RANKL. Thus, 

41 % of patients exhibited a strong OPG expression whereas 59 % had a weak 

OPG expression. The score of RANKL and OPG expression in GCA temporal 

arteries did not correlate with clinical manifestations, intensity of the systemic 

inflammatory response, disease relapses during follow-up or corticosteroid 

requirements.   

Gene expression of RANKL and OPG in temporal arteries 

RANKL mRNA levels were significantly higher in patients than in controls 

(mean 5,61 ± 3,34 vs 1,88 ± 1,24 relative units, p<0.0001) and among patients, 

they were higher in those with a strong systemic inflammatory response at 

diagnosis (mean 8,26 ± 2,84 vs 4,43 ± 2,89 relative units, p=0.004). (Figure 3A and 

3C) However, mRNA RANKL levels were not correlated with number of relapses 

during follow-up or corticosteroid requirements.   

OPG mRNA levels did not show differences between patients and controls 

(mean 1,32 ± 1,28 vs 1,12 ± 0,75 relative units, p=0.64) indicating constitutive 

expression in normal arteries. There were not differences either between patients 

with a weak and strong systemic inflammatory response. (Figure 3B and 3D) 

Opposite to what was observed in circulating levels, mRNA OPG quantification in 

temporal arteries was not correlated with age.  

No significant correlation was found between RANKL and OPG mRNA 

levels (r=-0.308, p=0.081). 



Correlation with other inflammatory mediators  

mRNA RANKL and OPG levels were compared with mRNA levels of other 

inflammatory mediators involved in the pathogenesis of GCA and evaluated in 

previous studies. (5,35-36) Gene expression of OPG in GCA-patients correlated 

positively with mRNA IL-6 (n=18, r=0.577, p=0.012) and mRNA TIMP-1 (n=29, 

r=0.706, p<0.001) but was negatively correlated with mRNA MMP-9 expression 

(n=29, r= -0.45, p=0.014). (Figure 4) However, mRNA RANKL levels did not 

correlate with any of the genes evaluated.  

DISCUSSION 

The role of cytokines in the pathogenesis of GCA has been broadly 

demonstrated. They drive both autocrine-paracrine and systemic responses and 

some of them have been associated with clinical manifestations or disease 

outcome (4-5,37). In the last years, novel cytokine families have been described, 

making this network of mediators and signals more and more complex. Some of 

these cytokines activate common signaling pathways that ultimately activate 

transcription factors, such as the NF]B which plays a central role in the 

development of inflammation. NF]B is also activated by the RANKL/RANK/OPG 

system. The role of these cytokines has been extensively studied in metabolic 

bone disorders and denosumab, a human monoclonal antibody against RANKL, 

has shown promising results in the treatment of osteoporosis and bone metastasis. 

(38-40) However, biological activity of these cytokines over the immune and 

vascular systems has been scarcely studied in humans and remains unknown.  



Our study demonstrates up-regulation of this set of cytokines in patients 

with GCA. The expression of RANKL and its receptors, RANK and OPG is up-

regulated in GCA temporal arteries if compared with control arteries. However, the 

increase in tissue expression was not followed by an increase in circulating 

cytokine levels since we could not find significant differences in serum 

concentrations between patients and controls. Moreover, in spite of RANKL gene 

expression was significantly increased in patients than in controls, specially in 

patients with an intense systemic inflammatory response, it was not correlated with 

number of relapses or corticosteroid requirements. One possible explanation is that 

RANKL could act mainly locally in the artery wall, in an autocrine-paracrine 

manner. Contrary to other cytokines, such as TNFα or IL-6, RANKL would be 

scarcely secreted into the bloodstream and it would not exhibit activity over 

peripheral tissues in GCA. OPG gene expression and OPG circulating levels did 

not differ between patients and controls in spite of greater immunohistochemistry 

expression in GCA temporal arteries. The difference between vascular and 

peripheral cytokine levels might suggest that other tissues are contributing to 

circulating cytokine concentrations. Accordingly, the correlation found between 

OPG plasma levels and age might reflect an attempt to compensate the pro-

resorptive bone status that eventually takes place in older patients by up-regulating 

OPG production. Other authors have also found a positive correlation between 

circulating OPG levels and age in general population or in patients with other 

conditions such as chronic kidney disease or systemic sclerosis (41-43). In 

addition, it might also indicate a more extense atherosclerotic vascular disease in 

older patients which correlates with higher levels of OPG in serum.      



It should be remarked that, whereas circulating OPG levels were similar to 

those observed in previous studies, plasma concentrations of sRANKL hardly 

exceeded the detection limit. It is not possible to rule out that sRANKL 

concentration might be understimated in our study due to the long time of sample 

storage which might justify certain cytokine degradation (44). Moreover, the 

detection system could only measure the soluble fraction of RANKL but not 

membrane-bound RANKL which also have effector functions.   

More than relevant systemic effects, the RANKL and OPG axis might 

conduct autocrine-paracrine responses in GCA. The greatest expression of RANKL 

and RANK was seen within the media, in areas of granulomatous inflammation 

where the macrophages and giant cells are the main cell type. It is not 

unreasonable to think that these cytokines might regulate macrophage function 

and giant cell formation. In bone physiology, RANKL/RANK interaction is 

necessary to produce mature osteoclasts which are also multinucleated cells 

derived from hematopoietic cells of the monocyte-macrophage lineage (45-47). In 

addition, RANKL and OPG might also modulate the expression of proteolytic 

systems in GCA arteries. In cultured osteoclasts RANKL increased the expression 

of MMP-9 and inhibited the expression of TIMP (1 and 2) favouring pro-resorptive 

responses in bone. A different study found that OPG increased the expression of 

MMP-9 but also increased the expression of TIMP-1 resulting in a reduction of the 

ratio MMP-9/TIMP-1 and inhibition of the proteolytic activity (48-49). 

GCA temporal arteries exhibit higher proteolytic status driven by an 

increase in MMPs expression and in the ratio MMPs/TIMPs thus favouring vessel-

wall disruption which is necessary for the development of intimal hyperplasia 

(36,50) In our study, mRNA OPG levels were negatively correlated with mRNA 



MMP-9 and positively correlated with mRNA TIMP-1, the natural inhibitor of MMP-

9. Thus, OPG gene expression is apparently associated with a lower ratio 

MMP9/TIMP1 therefore reducing the proteolytic gene status in GCA-temporal 

arteries.  

It is likely that the RANKL/OPG system plays a role in the development of 

calcified lesions in atherosclerotic disease (51-53). Atherosclerosis does not 

appear to be a major clinical problem in GCA patients in whom major vascular 

complications occur as a result of abnormal vascular remodelling in response to 

inflammation. Smooth muscle cells expressed RANKL, RANK and, in a less 

intense way, OPG. Proliferation, migration and secretory properties of smooth 

muscle cells might be regulated by these cytokines therefore determining structural 

changes in the artery wall. RANKL staining was also observed at the intima, 

beneath the endothelial cell layer. It is likely that this reactivity might be provided by 

myofibroblasts that eventually migrate from the media since it is specially observed 

in arteries exhibiting major degrees of intimal hyperplasia. We suggest that OPG 

released after inflammatory injury might inhibit gelatinase activity which is essential 

for rupture of the elastic lamina and vascular remodelling. Maladaptative vascular 

remodelling accounts for the major vascular complications of large-vessel 

vasculitis. Smooth muscle cell degradation and rupture of elastic fibers by 

gelatinases are thought to be involved in aortic aneurysm development in GCA 

patients. Otherwise, ischemic manifestations in GCA have been attributed to the 

development of intimal hyperplasia which is also associated with an increase in 

proteolytic activity that leads to elastic membrane rupture and allows the migration 

of miofibroblasts towards the intima. Regulation of proteolytic systems might be of 

interest in the prevention of large-vessel complications.  



Several inflammatory mediators stimulate up-regulation of RANKL and 

OPG by vascular cells (32-34). We found a positive correlation between gene 

expression of OPG and mRNA IL-6 levels. In previous studies, IL-6 exhibited 

angiogenic properties and its expression was associated with higher angiogenic 

scores and lower prevalence of ischemic events in patients with GCA (37). 

Accordingly, OPG expression which mostly relied on endothelial cells was 

correlated with mRNA IL-6 levels. OPG might also have pro-angiogenic properties 

as it increases endothelial cell survival, proliferation and migration through integrin 

attachment and by blocking TRAIL, a pro-apoptotic mediator of the TNF-

superfamily (29-31,54) However, in our cohort of patients, tissue expression of 

OPG did not differ between patients with or without ischemic manifestations.   

In summary, this is the first attempt to describe RANKL, RANK and OPG 

function in patients with GCA. At first glance, they do not appear to have correlation 

with clinical findings despite they were intensively expressed in GCA temporal 

arteries and correlated with other mediators secreted during the inflammatory 

response. However, the role of the RANKL/RANK/OPG triad in vascular 

homeostasis is poorly understood, and at this point it is not possible to rule out a 

possible role of these cytokines in the remodelling vascular phenomena that takes 

place after the inflammatory injury. We have described the expression and 

distribution of these cytokines in GCA lesions although it might be interesting to 

perform functional studies in order to determine specific roles of these cytokines in 

GCA. Confirmation of OPG as anti-proteolytic and vascular protective molecule 

might be interesting in order to prevent clinical manifestations due to vessel 

structural disease, such as ischaemic events or aortic aneurysms. Finally, we have 

not studied the effects of these cytokines over bone physiology in GCA patients, 



that are prone to develop osteoporosis as a consequence of corticosteroid therapy 

and chronic inflammation. The demostration of a relevant clinical effect over bone 

resorption might offer new therapeutic targets to treat corticosteroid-related 

osteoporosis.  
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Table 1. Clinical findings in the study cohort of patients with GCA 

Clinical manifestations Circulating cytokines 
(n=50) 

mRNA quantification 
(n=29) 

General characteristics 
  

   Age, median (range) 77 (58-91) 76 (63-91) 

   Sex, no. female/male 35 / 15 19 / 7 

Cranial symptoms, N (%)  
  

   Headache 35 (70) 22 (84,6) 

   Jaw claudication 21 (42) 14 (53,8) 

   Scalp tenderness 20 (40) 17 (65,4) 

   Other cranial aches* 24 (48) 19 (73,1) 

   Abnormal temporal arteries† 45 (90) 25 (96,2) 

   Cranial ischemic events‡ 16 (32) 5 (19,2) 

Systemic symptoms, N (%) 
  

   Fever 11 (22) 7 (26,9) 

   Weight loss 23 (46) 10 (38,5) 

   Polymyalgia rheumatica 25 (50) 10 (38,5) 

* Other cranial aches (facial pain, ocular pain, tongue pain, earache, carotidynia, toothache, 
odynophagia).  
† Abnormal temporal arteries at physical examination (painful, swollen, indurated and/or with 
decreased or absent pulsation).  
‡ Permanent visual loss, amaurosis fugax, transient diplopia, stroke, transient ischemic attack, 
tongue ischemia. 



Figure legends  

Figure 1. Immunohistochemical detection of RANKL, RANK and OPG in temporal 

arteries from GCA-patients and controls.  

Figure 2. Immunohistochemical detection of RANKL, RANK and OPG in the 

granulomatous infiltrate. All three sections shown intense membrane cytokine 

inmunostaining in giant cells.   

Figure 3. mRNA RANKL and OPG quantification. A) mRNA RANKL and B) mRNA OPG 

levels in temporal arteries from patients and controls. C) mRNA RANKL and D) mRNA 

OPG quantification in GCA-temporal arteries from patients with a weak and patients with 

a strong SIR at diagnosis.  

Figure 4. Correlation between mRNA OPG and mRNA MMP-9 (r = -0.45, p = 0.014) (A) 

and mRNA TIMP-1 (r = 0.706, p < 0.001) (B) levels in GCA-temporal arteries.  
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