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Predictors of relapse and treatment outcomes in
biopsy-proven giant cell arteritis: a retrospective
cohort study
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Steven R. Ytterberg?, Eric L. Matteson®* and Kenneth J. Warrington?

Abstract

Objective. To evaluate characteristics of relapse, relapse rates, treatment and outcomes among patients
with biopsy-proven GCA in a large, single-institution cohort.

Methods. We conducted a retrospective review of all patients with biopsy-proven GCA from 1998 to
2013. Demographic, clinical, laboratory and treatment data at presentation and during follow-up were
collected. Comparisons by relapse rate were performed using chi-square tests. Prednisone discontinu-
ation by initial oral dose <40 and >40mg/day was compared using Cox models.

Results. The cohort included 286 patients [74% female, mean age at diagnosis 75.0 years (s.p. 7.6),
median follow-up 5.1 years). During follow-up, 73 patients did not relapse, 80 patients had one relapse
and 133 had two or more relapses. The first relapse occurred during the first year in 50% of patients, by 2
years in 68% and by 5 years in 79%. More patients with established hypertension (P =0.007) and diabetes
(P=0.039) at GCA diagnosis were in the high relapse rate group ( > 0.5 relapses/year) and more females
were in the low or high relapse groups than in the no relapse group (P =0.034). Patients receiving an initial
oral prednisone dose >40 mg/day were able to reach a dose of <5 mg/day [hazard ratio (HR) 1.46 (95% CI
1.09, 1.96)] and discontinue prednisone [HR 1.56 (95% CI 1.09, 2.23)] sooner than patients recei-
ving <40 mg/day without an increase in observed glucocorticoid-associated adverse events.

Conclusion. Females and patients with hypertension or diabetes at GCA diagnosis have more relapses
during follow-up. Patients treated with an initial oral prednisone dose >40 mg/day achieved earlier pred-
nisone discontinuation.

Key words: giant cell arteritis, cohort, retrospective, relapse, glucocorticoids, adverse events, diabetes,
hypertension.

Rheumatology key messages

o Hypertension and/or diabetes at GCA diagnosis predict the risk of a higher relapse rate.
o Initial treatment of GCA with >40mg/day prednisone may allow for earlier discontinuation of glucocorticoids.
e The presence and number of relapses is not associated with increased mortality in GCA.

1Department of Internal Medicine, Universidad del Desarrollo, Clinica
Alemana de Santiago, Santiago, Chile, 2Division of Rheumatology,
Department of Medicine, 3Division of Biostatistics and “Division of
Epidemiology, Department of Health Sciences Research, Mayo Clinic,
Rochester, MN, USA

Submitted 10 March 2015; revised version accepted 13 August 2015

Correspondence to: Kenneth J. Warrington, Division of Rheumatology,
Department of Medicine, Mayo Clinic, 200 First Street SW, Rochester,
MN, 55905, USA. E-mail: warrington.kenneth@mayo.edu

*Cristian Labarca and Matthew J. Koster contributed equally to this
study.

Introduction

GCA is the most common form of primary systemic vas-
culitis in people =50 years of age [1]. GCA predominantly
affects the large and medium-sized arteries, with a predi-
lection for cranial branches of the aorta. Glucocorticoids
(GCs) are the mainstay of initial management and treat-
ment in GCA; however, the optimal GC initial dose and
regimen has not been comprehensively defined. Despite
treatment, 40-68% of patients will have at least one
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relapse during the course of disease, thus increasing both
the cumulative amount and duration of GC treatment
[2-4]. Chronic use of GCs increases the risk of several
co-morbid conditions, including avascular necrosis,
osteoporosis, fracture, infections and cardiovascular dis-
ease [5, 6]. Determining which patients are at higher risk of
relapse and which patients will receive prolonged GC
therapy will aid physicians in both education and manage-
ment of patients with GCA.

The length of follow-up for individual patients in retro-
spective studies is variable, which in turn influences
the documented number of relapses per patient.
Consequently the analysis of risk factors for relapse
must use statistical methods that account for the length
of follow-up and the possibility of multiple relapses in the
same patients. The use of relapse rates, defined as the
number of relapses per unit time, provides a novel
approach that allows comparison of patients with low
and high relapse rates; such analysis is likely to be of
clinical importance and has not been previously reported.

Therefore we conducted the current study to describe
the clinical and laboratory predictors of relapse in a large
cohort of patients with biopsy-proven GCA, including the
use of relapse rate comparisons to study the differences
between patients who experienced low and high rates of
relapse compared with those without relapse. We add-
itionally assessed the effect of the initial dose of GC on
relapse rates and outcomes.

Patients and methods

Study design

This was a retrospective study of patients diagnosed with
GCA and followed at Mayo Clinic, Rochester, MN, USA.
We identified all patients >50 years old who underwent a
temporal artery biopsy between 1 January 1998 and 31
December 2013 where histopathologic analysis was com-
patible with GCA. The study was approved by the
Institutional Review Board at the Mayo Clinic.

Data collection

We reviewed all available medical records for the study
subjects from index date of GCA diagnosis through the
last visit at the Mayo Clinic, subject death or end of the
study follow-up period (1 September 2014). Only patients
who were evaluated and followed at the Mayo Clinic for a
minimum of two visits and 6 months following GCA diag-
nosis were considered eligible. Data abstracted included
demographics and co-morbid conditions (hypertension,
diabetes mellitus, dyslipidaemia, obesity, smoking status
and history of venous or arterial thrombosis). Clinical fea-
tures, laboratory and physical examination findings, medi-
cations present at the initial evaluation and pharmacologic
interventions started at diagnosis were also obtained.
During all subsequent visits, the GC dose (current and
between visit average), clinical symptoms, laboratory
findings, disease complications, GC adverse events
(new-onset hypertension, hyperlipidaemia, osteoporosis,
fracture, avascular necrosis, secondary hypercortisolism,
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diabetes mellitus and infections requiring hospitalization)
and disease activity (i.e. active, remission or relapse) were
abstracted. Relapse was defined as either of the following
if GC therapy was increased with subsequent improve-
ment: (i) new onset or reappearance of signs/symptoms
compatible with GCA with an associated increase in
inflammatory markers, (ii) new onset or reappearance of
signs/symptoms compatible with GCA without an asso-
ciated increase in inflammatory markers or (jii) isolated
increase in inflammatory markers without GCA signs/
symptoms or other explainable aetiology present (particu-
larly infection). In accordance with local laboratory stand-
ard references ranges, inflammatory marker elevation was
defined as a CRP level >8mg/l and/or ESR by the
Westergren method >22mm/h for men and >29 mm/h
for women.

Statistical analysis

Continuous data are presented as mean (s.n.) or median
linterquartile range (IQR) (25th percentile, 75™ percentile)]
and categorical variables as percentages. The Wilcoxon
rank-sum test was used to analyse continuous variables
and the chi-square test was used for categorical vari-
ables. Due to the varying length of follow-up among
GCA subjects, patients were divided into groups based
on relapse rates (i.e. no relapse, <0.5 relapses/year
and >0.5 relapses/year) instead of the number of
relapses. Associations between baseline characteristics
and relapse rate groups were assessed using chi-square
and Kruskal-Wallis tests. Kaplan-Meier methods were
used to estimate the rate of developing outcomes (i.e.
time to relapse, adverse events, mortality and reductions
in GC dose) during the study period. Cox proportional
hazard models were used to assess the association of
risk factors (e.g. clinical features, laboratory findings)
available at diagnosis on the time to first relapse. The as-
sociation between relapses and mortality was assessed
using Cox models with time-dependent covariates for
occurrence of and number of relapses. Analyses were
performed using SAS version 9.3 (SAS Institute, Cary,
NC, USA) and R 3.0.2 (R Project for Statistical
Computing, Vienna, Austria).

Results

Clinical and laboratory characteristics at diagnosis

A total of 286 patients with biopsy-proven GCA met inclu-
sion criteria for this study. The cohort consisted of 213
(74.5%) females and 73 males with a mean age at diagno-
sis of 75.0 years (s.p. 7.6) and median follow-up of 5.1 years
(IQR:2.8-8.9) (Table 1). The 1990 ACR classification criteria
for GCA were fulfilled in 273 (95.4%) patients. The remain-
ing 13 patients fulfilled two ACR criteria (age >50 years and
temporal artery biopsy consistent with GCA) and all 13 had
radiographic evidence for large vessel vasculitis.

The most frequent presenting symptoms were head-
ache (66.5%), jaw claudication (52.3%), fatigue (45.3%)
and PMR (44.3%). Twenty patients (7%) experienced
transient visual loss while 16 (5.7%) patients had
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TasLe 1 Baseline clinical and laboratory manifestations of
286 patients with temporal artery biopsy-proven GCA

Characteristic Value

General characteristics

Age, mean (s.n.), years 75.0 (7.6)
Female, n (%) 213 (74.5)
Symptom duration, 2.1 (0.9-4.4)
median (IQR), months
Follow-up duration, 5.1 (2.8-8.29)
median (IQR), years
Fulfilled >3 GCA ACR 273 (95.5)
criteria, n (%)
Co-morbidities, n (%)
Hypertension 133 (47.2)
Dyslipidaemia 122 (43.3)
Obesity 37 (13.2)
Diabetes 25 (8.8)
Ever smoker 105 (36.7)
Current smoker 24 (9.3)
History of venous thrombosis 9 (3.2)
Clinical symptoms, n (%)
Headache 187 (66.5)
Jaw claudication 149 (52.3)
PMR 125 (44.3)
Scalp tenderness 46 (16.3)
Vision loss transient 20 (7)
Vision loss permanent 16 (5.7)
Leg claudication 6 (2.1)
Systemic manifestations, n (%)
Fever >38.5°C 57 (20.4)
Anorexia 54 (19)
Weight loss >2 kg 91 (31.9)
Fatigue 129 (45.3)
Laboratory

ESR, median (IQR), mm/h
CRP, median (IQR), mg/I

66.0 (42.5-93.5)
54.7 (23.0-100.5)

Haemoglobin, mean (s.p.), g/dI 11.9 (2.4)
Initial treatment

Pulse dose steroid?, n (%) 22 (7.7)

Oral prednisone dose, mean (s.0.), mg  50.8 (13.1)

Aspirin, n (%) 135 (47.5)

Statin, n (%) 71 (25)

2>1.5g methylprednisolone equivalent. IQR: interquartile
range.

permanent visual loss at initial presentation. Frequent co-
morbidities at baseline included hypertension (47.2%),
obesity (13.2%) and diabetes (8.8%). The mean value of
haemoglobin at diagnosis was 11.9g/dl (s.0. 2.4). The
median values of ESR and CRP were 66.0mm/h (IQR
42.5-93.5) and 54.7 mg/I (IQR 23.0-100.5), respectively.

Relapse

During the follow-up period, 73 patients did not experi-
ence a relapse, while 80 had one relapse, 51 had two
relapses and 82 had three or more relapses. The first
relapse occurred during the first year in 50% of patients,
by 2 years in 68% and by 5 years in 79%. Among the 538
total relapses evaluated, 154 (28.6%) were attributed to
only laboratory abnormalities, 130 (24.2%) secondary to
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only positive symptoms and 254 (47.2%) due to the pres-
ence of abnormal laboratory studies in the setting of posi-
tive symptoms. The degree of inflammatory marker
elevation in patients with isolated laboratory relapse was
similar to that in patients with both abnormal laboratory
studies and positive symptoms: ESR [mean 34.7 (s.n.
18.6) vs 37.4 (21.8); P=0.36] and CRP [mean 25.1 (s.p.
32.3) vs 26.6 (25.3); P=0.59]. The most commonly experi-
enced symptoms at the time of relapse were PMR
(383.1%), headache (32.3%), malaise/fatigue (20.6%) and
scalp tenderness (7.8%).

A history of venous thrombosis [HR 2.27 (95% CI 1.12,
4.62), P=0.024] and presentation with leg claudication [HR
2.53 (95% CI 1.03, 6.20), P=0.043] were associated with
earlier relapse (Table 2). None of the nine venous thrombo-
embolism events occurred within the 18 months preceding
GCA diagnosis and the median time from venous thrombo-
embolic event to GCA diagnosis was 93 months (IQR
34-178). No other clinical or lab characteristics were sig-
nificantly associated with time to first relapse. Moreover, no
association was seen between time to relapse and initial
oral prednisone dose (>40 vs <40mg/day).

Relapse rate

The median relapse rate observed for the entire cohort was
0.4 relapses/year (IQR 0.21-0.64). We further evaluated pa-
tients in three groups: no relapse, low relapse rate (<0.5
relapses/year) and high relapse rate (>0.5 relapses/year)
(Table 3). A lower proportion of females were in the no re-
lapse group (63%) than in the <0.5 relapses/year (79%) or
the >0.5 relapses/year (78%) groups (P =0.034). A higher
proportion of patients with hypertension (P=0.007), dia-
betes (P=0.039) and history of venous thrombosis
(P=0.041) were present in the > 0.5 relapse/year group
compared with the no relapse and <0.5 relapse/year
groups. No differences were seen among patients on as-
pirin or statin medications at diagnosis. Moreover, when
excluding isolated laboratory relapses from the analysis,
the association of baseline characteristics with increased
risk of relapse in this cohort remained similar for hyperten-
sion, diabetes and female sex (data not shown).

Comparison of the different relapse types (only labs,
only symptoms, labs and symptoms) within the high and
low relapse rate groups demonstrated that patients with
an initial relapse defined by the presence of both elevated
labs and positive symptoms were more likely to have a
lower relapse rate compared with those defined as
relapse based on elevated labs only (55.4% vs 20.8%;
P=0.005) (Table 4). Relapse rates did not differ among
patients with initial relapse defined as only positive symp-
toms when compared with the other relapse subgroups.
Neither relapse symptoms nor laboratory parameters at
first relapse were associated with an observed difference
in subsequent relapse rates.

Treatment

All patients were treated with GC at diagnosis. The initial
dose and titration were determined by the evaluating
provider. Twenty-two patients (7.7%) received pulse
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TaBLE 2 Baseline characteristics and association with time to first relapse

Characteristic

General characteristics
Age, years
Female
Symptom duration, months
Cardiovascular risk factors
Hypertension
Diabetes
History of venous thrombosis
Clinical symptoms
Headache
Jaw claudication
PMR
Vision loss transient
Vision loss permanent
Leg claudication
Systemic manifestations
Weight loss >2 kg
Fatigue
Initial treatment
Prednisone dose, mg
Prednisone >40mg vs <40 mg
Aspirin

HR (95% ClI) P-value
0.99 (0.98, 1.01) 0.50
1.37 (0.99, 1.91) 0.057
1.00 (0.98, 1.01) 0.81
1.30 (0.99, 1.71) 0.056

1.49 (0.97, 2.31) 0.07

2.27 (1.12, 4.62) 0.024
1.30 (0.97, 1.73) 0.08
1.09 (0.83, 1.42) 0.54
0.88 (0.67, 1.15) 0.35
0.97 (0.57, 1.64) 0.90
0.77 (0.41, 1.45) 0.42
2.53 (1.03, 6.20) 0.043
1.10 (0.82, 1.46) 0.54
0.84 (0.64, 1.11) 0.23
1.00 (0.99, 1.01) 0.53
1.18 (0.88, 1.57) 0.27
1.07 (0.82, 1.40) 0.63

dose GC at the time of diagnosis: 12 for severe visual
ischaemic manifestations and 10 per treating provider
preference. In the remaining 264 patients, the mean initial
oral prednisone dose was 50.8 mg (s.p. 13.1); 109 patients
were initially treated with oral prednisone doses <40 mg/
day and 155 patients with >40 mg/day. No significant dif-
ferences in baseline characteristics were observed be-
tween those started on <40mg/day compared
with >40 mg/day. The cumulative mean GC dose among
patients without pulse dose therapy was 9.42g (s.p. 5.1).
The cumulative mean GC was greater in patients started
at >40mg/day compared with those started at <40 mg/
day at 1 year [7.4g (s.0. 2.3) vs 5.8 (2.1); P<0.001], 2
years [9.69g (s.0. 3.5) vs 7.7 (2.7); P=0.01] and during
total follow-up duration [10.0g (s.0. 4.9) vs 8.2 (5.2);
P =0.03].

Tapering of GC to<10mg/day occurred in 51% of
patients by 1 year, 79% by 2 years and 90% by 5 years,
while a decrease to <5mg/day of GC occurred in 17, 55
and 84% of patients over the same intervals.
Discontinuation of GC occurred in only 6% by 1 year,
24% by 2 years and 54% by 5 years (Fig. 1). Patients
treated with an initial prednisone dose >40 mg/day reach-
ed <5mg/day [HR 1.46 (95% CI 1.09, 1.96), P=0.01] and
discontinued steroids [HR 1.56 (95% CI 1.09, 2.23),
P=0.02] at earlier intervals compared with those started
at <40mg/day (Fig. 2).

GC-associated adverse events

GC-associated adverse events were frequent, with 29% of
patients experiencing one or more adverse events within
the first year following diagnosis, 46% by 2 years and
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73% by 10 years. The most common adverse events
observed were GC-induced osteoporosis (rate by 10
years, 25%) and fracture (27%), as well as secondary
hypercortisolism (16%) and infection requiring hospi-
talization (17%), whereas new-onset hypertension (rate by
10 years, 1.7%), dyslipidaemia (2%), avascular necrosis
(2.3%), heart failure (6.8 %) and vascular insufficiency (2.7 %)
were uncommon. No increase in GC adverse events was
observed between patients started on initial oral prednis-
one dose>40mg/day compared with <40mg/day [HR
1.18 (95% CI 0.83, 1.67), P=0.36].

Mortality

At the last follow-up, 217 patients were alive [10-year mor-
tality rate 32% (s.e. 4)]. Cause of death was unknown in
54.4% of the deceased patients. In the 31 cases where
cause of death was available, the most common aetiolo-
gies were cancer (26%), heart disease (23%), infection
(13%) and pulmonary disease (10%). Evaluation of mor-
tality, adjusted for age and sex, showed no difference in
mortality among patients without a relapse compared with
patients with one or more relapses [HR 0.80 (95% Cl 0.47,
1.36), P=0.41]. Moreover, the total number of relapses
experienced per patient did not affect mortality [HR 0.99
(95% CI 0.83, 1.19), P=0.94].

Discussion

To our knowledge, the current report constitutes the lar-
gest North American cohort of biopsy-proven GCA diag-
nosed at a single tertiary care referral centre and the first
to evaluate predictive factors of relapse using annual re-
lapse rates.

www.rheumatology.oxfordjournals.org
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TaBLE 3 Epidemiologic and clinical differences at time of disease diagnosis between patients with biopsy-proven GCA
across differing relapse rates

No relapse

<0.5 relapses/year
(GERE)]

>0.5 relapses/year

Characteristic (n=73) (n=83) P-value

General characteristics

Age, mean (s.p.), years 75.7 (8.1) 74.5 (7.3) 75.2 (7.5) 0.51
Female, n (%) 46 (63) 102 (78.5) 65 (78.3) 0.034
Symptom duration, median (IQR), months 2.0 (0.9-4.2) 2.1 (1.0-5.1) 2.1 (0.8-4.2) 0.82
Cardiovascular risk factors, n (%)
Hypertension 25 (35.2) 58 (45.3) 50 (60.2) 0.007
Diabetes 2 (2.8) 11 (8.5) 12 (14.5) 0.039
History of venous thrombosis 1(1.4) 2 (1.6) 6 (7.4) 0.041
Clinical symptoms, n (%)
Headache 45 (62.5) 85 (66.4) 57 (70.4) 0.59
Jaw claudication 38 (52.1) 64 (49.6) 47 (56.6) 0.61
PMR 32 (45.1) 56 (43.4) 37 (45.1) 0.96
Vision loss transient 5 (6.8) 11 (8.5) 4 (4.8) 0.59
Vision loss permanent 6 (8.3) 7 (5.5) 3 (3.6) 0.44
Leg claudication 1(1.4) 4 (3.1) 1(1.2) 0.56
Systemic manifestations, n (%)
Fever 17 (23.9) 23 (18.3) 17 (20.5) 0.64
Weight loss >2 kg 23 (31.5) 36 (27.7) 32 (39) 0.23
Fatigue 39 (54.2) 51 (39.2) 39 (47) 0.12
Laboratory, median (IQR)
ESR, mm/h 60.0 (43.0-95.0) 59.5 (37.5-87.5) 75.0 (50.0-96.0) 0.12
CRP, mg/I 61.0 (17.2-101.0) 45.5 (20.7-87.1) 62.6 (35.2-108.9) 0.15
Initial treatment
Prednisone dose®, mean (s.p.), mg 49.0 (15.4) 50.9 (12.6) 52.6 (11.7) 0.35
Aspirin, n (%) 35 (48.6) 61 (47.3) 39 (47) 0.98
Statin, n (%) 16 (22.5) 34 (26.2) 21 (25.3) 0.85

%Initial oral prednisone dose with patients receiving pulse dose treatments excluded: no relapse (n=69), <0.5 relapses/year
(n=116), > 0.5 relapses/year (n=79). IQR: interquartile range.

TaBLE 4 Characteristics at first relapse among patients with biopsy-proven GCA who experienced differing relapse
rates

<0.5 relapses/year

>0.5 relapses/year

Characteristic ((ERED)] (n=83) P-value

Relapse type, n (%)

Only lab changes 27 (20.8) 32 (38.6) 0.005
Labs and positive symptoms 72 (55.4) 34 (41)

Relapse symptoms, n (%)
Headache 37 (28.5) 17 (20.5) 0.19
Jaw claudication 6 (4.6) 4 (4.8) 0.94
PMR 28 (21.5) 12 (14.5) 0.20
Scalp tenderness 12 (9.2) 5 (6) 0.40
Fatigue 28 (21.5) 12 (14.5) 0.20

Laboratory, median (IQR)
ESR, mm/h 32.0 (14.0-46.0) 28.0 (17.0-39.0) 0.56
CRP, mg/I 15.6 (6.1-31.0) 14.0 (9.0-24.0) 0.57

IQR: interquartile range.
Relapses during the course of GCA treatment are follow-up. In the current study, 79% of patients

common and reported relapse frequencies are variable
depending on the inclusion of biopsy-negative cases, def-
inition of relapse, rate of GC tapering and duration of

www.rheumatology.oxfordjournals.org

experienced one or more relapses by 5 years after GCA
diagnosis. While smaller cohorts of patients with biopsy-
proven GCA have reported relapses in only 40% of
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Fic. 1 Cumulative incidence (%) for patients achieving daily oral prednisone dose <10mg/day (dotted line), <5 mg/day

(dashed line) or discontinuation (solid line)

100

Probability of event

Time from GCA diagnosis (years)

patients [7], others have shown relapses in 64% of
patients with follow-up durations similar to our study [8].
The increased relapse percentage observed in our ana-
lysis may reflect the inclusion of patients with isolated
increases in inflammatory markers without another
explainable cause. Current management guidelines for
large vessel vasculitis do not address the approach to
patients with asymptomatic elevation in inflammatory
markers [9]. Nevertheless, isolated increases in ESR
have been shown to predict subsequent relapse in 80%
of patients [10]. This clinical situation is frequently encoun-
tered and was seen in 29% of our defined relapse visits.
The inclusion of such patients more closely reflects phys-
ician practice patterns compared with the strict relapse
definitions utilized in clinical trials. The inclusion of symp-
tom-only relapses may also have contributed to the high
relapse rate. The use of a similar relapse definition
focused on occurrence/recurrence of symptoms is not
unique to our research and has been used in additional
retrospective studies and a prospective clinical trial [8,
11-13].

The majority of relapses in GCA occur in the first year
following diagnosis. In our study, 50% of patients experi-
enced their first relapse during the first 12 months, a fre-
quency similar to that reported by Alba et al. [8] (50%) and
Nesher et al. (29-51%) [14]. It is well established that a
subset of patients with GCA will experience more than
one relapse during follow-up. In our cohort, half the
patients had two or more relapses. Analogous
findings were described by Alba et al. [8] (36%) and
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Hernandez-Rodriguez et al. (23-51%) [15]. In addition,
Martinez-Lado et al. [7] demonstrated the probability of
relapse-free survival decreases with follow-up duration.
Therefore, if the length of follow-up is not uniform in the
study cohort, then direct comparison between patients
with a single isolated relapse and patients with more
than one relapse cannot occur. As a result, GCA cohort
studies addressing predictive factors of relapse have
been limited to assessing differences in baseline charac-
teristics between patients with a subsequent relapse and
those without [7, 8, 16, 17]. The use of time-to-event and
annual relapse rate analyses, as performed in our study,
provides the unique opportunity to compare the charac-
teristics between those with and without relapse as well
as those with high and low relapse rates.

The median annual relapse rate observed in our study
was 0.4 relapses/year. Comparing the no relapse, low
relapse rate (<0.5 relapses/year) and high relapse rate
(=>0.5 relapses/year) groups, a higher frequency of
relapses were seen in females. Female sex has previously
been associated with an increased risk of relapse [18] and
late progression to GCA [19] in patients with isolated
PMR. Additional studies have identified a higher inflam-
matory response [20], lower likelihood of prolonged remis-
sion [21] and longer GC duration requirement among
females with PMR and GCA [21]. The association of
female sex and the presence of relapse in biopsy-
proven GCA cohorts, however, has not been firmly estab-
lished [7, 8, 17]. Similarly, our cohort did not identify a
significant association between sex and relapse when

www.rheumatology.oxfordjournals.org
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Fic. 2 Cumulative incidence (%) for patients achieving prednisone <5mg/day or discontinuation based on initial oral

dose
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Percentage of patients achieving prednisone (PDN) dose (A) <5 mg/day or (B) discontinuation in patients treated with
initial oral PDN dose >40mg/day (dotted line) compared with <40 mg/day (solid line).

evaluating time-to-first relapse (P=0.057) but achieved
significance when annual relapse rates were examined
(P=0.034). Annual relapse rate comparisons in future
GCA cohorts are needed to determine the importance of
sex in frequency of relapse.

In our cohort, hypertension or diabetes mellitus at base-
line predicted a higher annual relapse rate. Additional
information on the interaction between baseline diabetes
and hypertension with GCA relapse is limited. Most stu-
dies only report these co-morbidities after diagnosis of
GCA while assessing GC-associated adverse events [6,
8, 12, 22-25]. When recorded at baseline, it has been
for the purpose of descriptive characteristics [26, 27] or
assessing cardiovascular mortality [28-32]. In addition,
the presence of hypertension and/or diabetes at GCA
diagnosis has been observed to influence the course of
vasculitic disease, including an increased likelihood of
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developing severe ischaemic complications. Gonzalez-
Gay et al. [33] identified the presence of traditional athero-
sclerotic risk factors (hypertension, hyperlipidaemia,
diabetes, smoking) before the diagnosis of vasculitis as
significantly increasing the risk of such complications.
Salvarani et al. [34] further demonstrated that hyperten-
sion at baseline predicted a near 8-fold increase in the risk
of experiencing a subsequent severe cranial ischaemic
event. Only one previous study, however, has analysed
the relationship between baseline hypertension and dia-
betes with the presence of relapse [7]. While a significant
association was not seen, reasons for this could include
the smaller cohort size, shorter duration of follow-up and
absence of annual relapse rate comparisons. Although a
history of venous thrombosis was associated with re-
lapse, the baseline event frequency was low in our
cohort (3%) and the median time before diagnosis of
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GCA was 8 years. Thus the clinical implications of a
remote history of venous thromboembolism are uncertain.

Recent understanding of GC pharmacokinetics and bio-
energetics has disclosed the important role of both cyto-
solic and selective membrane-bound GC receptor
saturation in modulating the balance and intensity of gen-
omic and non-genomic GC effects [35]. Therefore dosing
of GC is notably more complex than the empiric weight-
based consensus opinions available. The appropriate
initial oral GC dose for patients with GCA, however,
remains controversial, and it is unclear whether higher ini-
tial GC doses can influence the subsequent treatment
course. Two prospective randomized controlled trials
have studied intravenous pulse GC therapy in patients
with GCA presenting without visual loss [12, 23]. The
results of these studies are contradictory with regards to
long-term GC-sparing effects. No prospective studies
have been reported comparing different initial oral GC
doses in GCA. Previous retrospective studies are
also limited and have included biopsy-negative patients
[22, 36] and patients with PMR [21, 24].

The current report represents the largest retrospective
cohort study to evaluate the effects of the initial oral GC
dose in biopsy-proven GCA. Patients receiving an initial
oral prednisone dose >40mg/day had a higher cumula-
tive dose of prednisone but achieved <5mg/day and GC
discontinuation sooner than patients given <40mg/day.
The results of this study suggest that patients with biopsy-
proven GCA may benefit from a higher initial oral GC dose
to appropriately control the vasculitic inflammatory
burden, subsequently allowing successful GC tapering
and cessation. Previous studies have shown the inflam-
matory vasculopathy in GCA is not easily abrogated with
GC therapy. Indeed, there is evidence of persistent vas-
cular inflammation present in temporal artery biopsies for
several months following GC use [37-40]. Also, human
temporal artery-mouse chimera model studies demon-
strated high doses of GC are required to adequately sup-
press nuclear factor kB-mediated cytokine production
and eliminate the vascular inflammatory process [41].

GC-associated adverse events are common in patients
with GCA and 73% of patients in our study experienced
one or more GC-associated adverse event at 10 years of
follow-up. Although the frequency of GC adverse effects
(AEs) varies based on follow-up duration and AE criteria,
our results are similar to analogous cohorts showing that
50-100% of patients experience GC-related AEs [6, 8, 17,
22, 36, 42]. In our cohort, patients treated with initial oral
GC >40mg/day did not have a higher risk of AEs com-
pared with those treated with <40 mg/day.

Nesher et al. [22] evaluated the toxicity of GC in a small,
single-institution cohort that was later expanded to
include three additional regional hospitals [36]. In the
former study, 67% of patients with GCA developed GC-
associated AEs if the initial dose was >40mg/day (mean
63 mg/day) compared with 30% of patients treated with
<40mg/day (mean 36 mg/day). In the expanded study,
the authors examined the following groups based on initial
oral prednisone dose: 30-40 mg/day, >40-60 mg/day and
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>60mg/day. Disease relapses were similar among the
three groups at 3 years of follow-up, but the low-dose
group developed fewer AEs (36%) compared with 78
and 88% in the higher-dose groups. Although our results
differ from those of Nesher et al., both of their studies
were small (43 and 96 cases) and had few patients in
the high-dose comparison groups. In addition, a large per-
centage of patients in the high-dose groups presented
with visual loss (30 and 67%), a subset of GCA known
to have poorer outcomes [16].

Our study has several limitations. First, given the retro-
spective design, data obtained relies on documentation
available in the medical record. Also, treatment was not
standardized and both initial dose and tapering regimens
were at the discretion of the treating provider. In addition,
for disease homogeneity, only biopsy-proven patients
were included in this study. Therefore the results of this
study may not extend to patients with biopsy-negative
disease and need to be further evaluated in this GCA
subset. Furthermore, we included three types of relapse
that may have increased the total number of observed
relapse events. However, the use of isolated laboratory
elevation without other explainable aetiology as well as
recurrence of GCA symptoms without inflammatory
marker elevation are clinically important presentations,
as they are frequently encountered in the management
of these patients. Finally, as a tertiary referral centre, pa-
tients in this cohort may represent more complicated
cases than seen in general practice.

Our study also has a number of strengths. It is the lar-
gest North American, single-institution cohort. In addition,
it is the first study to evaluate patients based on annual
relapse rates, allowing comparison of patients without
relapse and those with varying frequencies of relapse
during follow-up. Moreover, to our knowledge, it is the
only study to date evaluating the difference in initial
oral GC dose in a population comprised of all biopsy-
proven GCA.

In conclusion, the current study demonstrates that
female sex and baseline hypertension and/or diabetes
mellitus portend a higher frequency of relapse.
Physicians should be attentive to the presence of co-
morbidities at the time of diagnosis and evaluation of
these variables in future studies should be pursued. Until
GC-sparing agents are identified and their efficacy con-
firmed, GCs remain the mainstay of treatment. Relapses
and GC-related AEs are common. However, among
patients with biopsy-proven GCA, initial treatment with
>40mg/day allowed for earlier GC discontinuation with-
out a higher increased risk of AEs. The use of annual
relapse rates provides additional insight into relapse pre-
diction and needs to be further evaluated in future studies.
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