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Abstract

Background: Relapses frequently occur in giant cell arteritis (GCA), and long-term glucocorticoid therapy is
required. The identification of associated factors with poor treatment outcomes is important to decide the
treatment algorithm of GCA.

Methods: We enrolled 139 newly diagnosed GCA patients treated with glucocorticoids between 2007 and 2014 in
a retrospective, multi-center registry. Patients were diagnosed with temporal artery biopsy, 1990 American College
of Rheumatology classification criteria, or large vessel lesions (LVLs) detected by imaging based on the modified
classification criteria. Poor treatment outcomes (non-achievement of clinical remission by week 24 or relapse during
52 weeks) were evaluated. Clinical remission was defined as the absence of clinical signs and symptoms in cranial
and large vessel areas, polymyalgia rheumatica (PMR), and elevation of C-reactive protein (CRP) levels. A patient was
determined to have a relapse if he/she had either one of the signs and symptoms that newly appeared or
worsened after achieving clinical remission. Re-elevation of CRP without clinical manifestations was considered as a
relapse if other causes such as infection were excluded and the treatment was intensified. Associated factors with
poor treatment outcomes were analyzed by using the Cox proportional hazard model.
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Results: Cranial lesions, PMR, and LVLs were detected in 77.7%, 41.7%, and 52.5% of the enrolled patients,
respectively. Treatment outcomes were evaluated in 119 newly diagnosed patients who were observed for 24
weeks or longer. The mean initial dose of prednisolone was 0.76 mg/kg/day, and 29.4% received any concomitant
immunosuppressive drugs at baseline. Overall, 41 (34.5%) of the 119 patients had poor treatment outcomes; 13 did
not achieve clinical remission by week 24, and 28 had a relapse after achieving clinical remission. Cumulative rates
of the events of poor treatment outcomes in patients with and without LVLs were 47.5% and 17.7%, respectively. A
multivariable model showed the presence of LVLs at baseline was significantly associated with poor treatment
outcomes (adjusted hazard ratio [HR] 3.54, 95% CI 1.52–8.24, p = 0.003). Cranial lesions and PMR did not increase the
risk of poor treatment outcomes.

Conclusion: The initial treatment intensity in the treatment algorithm of GCA could be determined based upon
the presence or absence of LVLs detected by imaging at baseline.

Keywords: Giant cell arteritis, Large vessel lesions, Poor treatment outcomes, Remission, Relapse, Glucocorticoid
therapy

Background
Giant cell arteritis (GCA) is a vasculitis syndrome that
usually develops in patients aged 50 years and over. GCA
is characterized by cranial symptoms due to lesions in the
superficial temporal artery, the maxillary artery, and the
ophthalmic artery, and large vessel lesions (LVLs) in the
aorta or its branches. An epidemiological study from a
Japanese nationwide survey in 1998 showed a lower preva-
lence of GCA in Japan than in Western countries and al-
most the same clinical features of GCA [1].
The subclavian artery is a key location for LVLs in

GCA, and Brack et al. proposed the definition of large
vessel GCA (LV-GCA) as subclavian artery vasculitis in
aged populations [2]. Aortic aneurysm is also an import-
ant clinical feature of GCA that is related to mortality
[3, 4]. Aortic aneurysm is more complicated in GCA pa-
tients than in the general population [5]. Modified
American College of Rheumatology (ACR) GCA classifi-
cation criteria proposed by the Vasculitis Clinical Re-
search Consortium [6] included LVLs as typical clinical
findings of GCA [7], and more recently, in line with the
evolution of imaging diagnosis of LVLs [8, 9], wall thick-
ening by enhanced CT or MRI or 18fluorodeoxyglucose
(FDG) uptake in the LVLs by FDG positron emission
tomography (PET) is recognized to be common clinical
findings of GCA [8, 10].
High dose of glucocorticoids (GCs) monotherapy is a

standard induction regimen of GCA, with the rapid
resolution of signs and symptoms of temporal arteritis
and polymyalgia rheumatica (PMR) [11], but previous
observational studies reported that the disease worsened
in 30–50% of the patients during tapering of GCs [6, 12,
13], and long-term GC therapy is required to prevent re-
lapses of the disease. Increasing cumulative GC dose is
associated with drug-related adverse events (AEs) [14],
and treatment strategy that is able to reduce the cumula-
tive dose of GCs is valuable [11, 15]. Recent studies tried

to resolve the unmet medical needs of the treatment of
GCA [16–18], and the efficacy of tocilizumab is clearly
demonstrated in terms of achievement of sustained clin-
ical remission without GC. In the new era of the treat-
ment, identification of associated factors for treatment
response to conventional immunosuppressive therapy
without biologics may help to guide the precision medi-
cine of GCA [11].
Thus, we assessed treatment outcomes of conventional

immunosuppressive therapy without biologics, based on
the pre-defined criteria of clinical remission and relapse.
This is the first study in Japan by using data of the
multi-center retrospective cohort of GCA including pa-
tients diagnosed with imaging findings of LVLs, which
identified clinical findings at baseline associated with
poor treatment outcomes during 52 weeks.

Methods
Database
Twenty-three university hospitals and referring hospitals
with sufficient experience treating vasculitides partici-
pated in this retrospective multi-center study. All inves-
tigators were members of the Japan Research Committee
of the Ministry of Health, Labour, and Welfare for In-
tractable Vasculitis (JPVAS). All incident cases of clinic-
ally diagnosed GCA from 2007 to 2014 who had started
GC therapy were enrolled in the JPVAS large vessel vas-
culitis (LVV) cohort. The patients were diagnosed in
each facility based on temporal arterial biopsy (TAB),
1990 ACR GCA classification criteria, and imaging find-
ings of LVL based on the modified ACR GCA classifica-
tion criteria [6]. The definition of clinical remission and
relapse was determined by the study group before the
start of the data collection in 2014. Investigators at each
participating facility examined the medical records retro-
spectively and assessed clinical remission and relapse
based on the pre-defined criteria. Data for 2 years after
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starting GCs were collected, using a pre-defined case re-
port form at 4, 8, 24, 52, 76, and 104 weeks after the
start of treatment. One-year outcomes were examined in
the present study. Investigators at each participating fa-
cility reported the date of achievement of clinical remis-
sion, disease status at these time points, date of relapse,
and clinical manifestations at the relapse including im-
aging findings and treatment intensification. The defin-
ition of clinical remission and relapse is described below.

Outcomes
The primary endpoint was an event of poor treatment
outcomes (non-achievement of clinical remission by
week 24 or relapse after achieving clinical remission dur-
ing 52 weeks). Clinical remission was defined as the ab-
sence of active disease. The active disease at baseline
was defined as having clinical signs and symptoms in the
cranial and large vessel areas (Additional file: Table S1)
or PMR, and/or elevation of C-reactive protein (CRP)
levels. We discriminated persisted ischemic signs and
symptoms (i.e., visual manifestations or claudication)
from the damage of GCA at week 24 after the start of
treatment as follows: if the signs and symptoms of active
disease at baseline persisted without worsening for
6 months or longer and CRP level was normalized, these
were not considered as clinical findings of active disease
at week 24. A patient was determined to have a relapse
if he/she had either one of the signs and symptoms that
newly appeared or worsened after the achievement of
clinical remission, or deterioration of imaging findings of
LVL. Re-elevation of CRP level above the laboratory nor-
mal limit (CRP < 0.3 mg/dl) without clinical manifesta-
tions was considered as a relapse only if other causes
such as infection were excluded and the treatment was
intensified.

Confirmation of relapse by the study group
Three investigators (HAU, HY, YN) independently
reviewed the clinical findings at the relapse, treatment
intensification, and clinical course after the relapse in a
manner to blind imaging data at baseline about LVL,
and confirmed whether the data met the definition of re-
lapse in the present study, especially, in the relapse cases
who did not have clinical signs and symptoms of active
disease and showed an elevated CRP level. Finally, one
patient was judged as infection but not relapse, because
the patient was diagnosed with miliary tuberculosis after
the intensification of the treatment.

Safety
Safety was assessed by collecting information for 0–
52 weeks after the start of treatment. This information
included the development of serious infections, frac-
tures, cardiovascular lesions requiring hospitalization

or prolonged hospitalization, cerebrovascular lesions re-
quiring hospitalization or prolonged hospitalization, gastro-
intestinal bleeding or perforation requiring hospitalization
or prolonged hospitalization, diabetes mellitus requiring
drug therapy, glaucoma or a cataract requiring drug therapy
or eye surgery, psychiatric symptoms requiring drug ther-
apy, and death.

Collection of imaging data of LVL
The site investigators reported wall thickening, wall
edema, stenosis, aneurysm, or dissection in anatomical
sites of lesions of the aortic branches (carotid, vertebral,
brachiocephalic, subclavian, axillary, pulmonary, renal,
and iliac/femoral arteries) and aortic lesions (ascending
aorta, aortic arch, thoracic descending aorta, and ab-
dominal aorta) based on the results of at least one of
computed tomography (CT), CT angiography (CTA),
magnetic resonance imaging (MRI), or magnetic reson-
ance angiography (MRA). Data were also collected on
FDG uptake in the arterial wall using FDG-PET. Infor-
mation about lesions of cerebral, basilar, coronary, and
mesenteric arteries was also collected.

Statistics
Student’s t test and the Mann-Whitney test were used to
compare continuous variables depending on their distri-
bution, and the chi-squared test and Fisher’s exact test
were used for categorical variables. The patients who
dropped out within 24 weeks after treatment were ex-
cluded from the analysis of clinical remission and re-
lapse. In the analysis of poor treatment outcomes,
patients who did not achieve clinical remission by week
24 were deemed to have had an event of poor treatment
outcome at week 0 as described in the previous study
[18]. Patients with relapse after the achievement of clin-
ical remission were considered to have had an event at
the date of relapse. Univariable and multivariable ana-
lyses for associated factors with the event of poor treat-
ment outcomes during 52 weeks were conducted by
using the Cox proportional hazard model. The Omnibus
test was used as the goodness-of-fit test. Cumulative
rates and median time of the first event of poor treat-
ment outcomes during 52 weeks were analyzed using the
Kaplan-Meier method and the log-rank test. A sensitivity
analysis was implemented by using relapse after the
achievement of clinical remission as an event. All ana-
lyses were performed using SPSS version 21 (IBM,
Armonk, NY, USA). All reported p values are two-tailed,
and the level of significance is p < 0.05.

Results
Patient characteristics
Case report forms of 139 newly diagnosed patients were
assessed (Table 1). All patients (n = 139) were Asian.
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The mean (SD) age was 73.8 (7.7) years, mean weight
(SD) was 50.9 (10.4) kg, and 66.9% were women. The
age of onset was 70 and older in 98 patients, 60–69 in
38, and 50–59 in 3. The median disease duration was
3.1 months (interquartile range [IQR] 1.6–6.3). Overall,

108 (77.7%) of the 139 had clinical signs and symptoms
of cranial lesions, 36 (25.9%) clinical signs and symptoms
of LVLs, and 58 (41.7%) PMR. TAB was conducted in 86
patients, and 70 (50.4%) of the 139 patients were biopsy-
proven GCA. Imaging examinations of LVLs were per-
formed in 135 (97.1%) patients, and 97 received en-
hanced CT or CT angiography, 50 enhanced MRI or
MR angiography, 31 carotid ultrasonography, 61 cardiac
sonography, 14 non-enhanced CT, 17 non-enhanced
MRI, and 38 PET-CT. LVLs were detected in 73 (52.5%)
of the 139 patients. Thirty-five of the 73 patients with
LVLs were also confirmed with data on PET-CT. Im-
aging data were summarized in Table 2. Lesions of the
subclavian artery, any aortic branches, or aorta were
found in 42 (57.5%), 54 (74.0%), or 50 (68.5%) of the 73
patients, respectively, and stenosis of the subclavian ar-
tery or aortic aneurysm was observed in 14 (19.2%) or 7
(9.6%), respectively. Any vascular damage of the large
vessels by imaging data was observed in 31 (42.5%) of
the 73 patients. Sixteen (38.1%) of the 42 patients with
lesions of the subclavian arteries detected by imaging
data had clinical signs and symptoms of the upper limbs
(claudication, decreased or absent radial pulse, or blood
pressure asymmetry > 10mmHg). One had pulmonary
hypertension due to stenosis of the pulmonary artery.

Table 1 Demographic and clinical features of the giant cell
arteritis cohort at baseline

Characteristics Value

Age, years, mean ± SD (n = 139) 73.8 ± 7.7

Female patients, % (n = 139) 66.9

Weight, kg, mean ± SD (n = 139) 50.9 ± 10.4

GCA ACR classification criteria, % (n = 139) 78.4

Modified GCA classification criteria, % (n = 139) 99.3

TAB performed, % (n = 139) 61.9

TAB positive, % (n = 139) 50.4

Imaging performed, % (n = 139) 96.6

Imaging positive, % (n = 139) 52.5

Signs and symptoms of cranial lesions, % (n = 139) 77.7

Headache, % (n = 139) 61.2

Abnormal temporal artery, % (n = 139) 59.0

Jaw claudication, % (n = 139) 36.0

Visual disturbance, % (n = 139) 23.7

Visual loss, % (n = 139) 4.3

Signs and symptomsa of LVL, % (n = 139) 25.9

Neck, % (n = 136) 10.3

Upper limbs, % (n = 135) 11.8

Lower limbs, % (n = 133) 3.0

Chest or abdominal bruit, % (n = 131) 9.2

Fever, % (n = 137) 32.1

Constitutional symptoms, % (n = 132) 75.8

Polymyalgia rheumatica, % (n = 139) 41.7

CRP, mg/dl, median (interquartile range) (n = 139) 7.2 (3.3–11.2)

Albumin, mg/dl, mean ± SD (n = 124) 3.1 ± 0.6

Ischemic heart disease, % (n = 138) 7.2

Cerebrovascular disease, % (n = 135) 14.1

Chronic lung disease, % (n = 137) 8.0

Hypertension, % (n = 138) 44.9

Diabetes mellitus, % (n = 138) 21.0

Hyperlipidemia, % (n = 138) 25.3

Osteoporosis, % (n = 121) 21.5

Dementia, % (n = 137) 1.5

LVL large vessel lesions, LV large vessel, ACR American College of
Rheumatology, CRP C-reactive protein
aInformation about any signs and symptoms of LVL was reported in all
enrolled patients. Signs and symptoms of the neck included tenderness of the
carotid arteries, carotid bruit, or neck claudication. Signs and symptoms of the
upper limb included arm claudication, decreased or absent radial pulse, or
blood pressure asymmetry > 10mmHg. Lower limb included leg claudication
or decreased or absent pulse of lower limb

Table 2 Imaging findings in the patients with LVL (n = 73)

Any imaging
findingsa

Wall thickening,
wall edema, or
FDG uptake

Stenosis Aneurysm

Left carotid, % 41.1 37.0 8.2 0

Right carotid, % 32.9 31.5 2.7 0

Vertebral, % 8.2 5.5 6.8 0

Brachiocephalic, % 31.5 30.1 2.7 0

Left subclavian, % 53.4 46.6 11.0 1.4

Right subclavian, % 43.8 39.7 8.2 0

Left axillary, % 20.5 16.4 5.5 0

Right axillary, % 16.4 15.1 0 1.4

Pulmonary, % 1.4 0 1.4 0

Coronary, % 2.6 0 2.6 0

Ascending aorta, % 31.5 28.8 0 4.1

Aortic arch, % 47.9 47.9 0 2.7

Descending
thoracic aorta, %

49.3 47.9 0 0

Abdominal aorta, % 53.4 53.4 0 2.7

Renal, % 6.8 2.7 2.7 1.4

Hepatic, % 1.4 0 0 1.4

Mesenteric, % 1.4 0 1.4 0

Iliac or femoral
artery, %

19.2 16.4 6.8 1.4

Imaging findings were collected from 139 enrolled patients
LVL large vessel lesions, FDG 18fluorodeoxyglucose
aAny imaging findings include wall thickening, wall edema, arterial FDG
uptake, stenosis, or aneurysms
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Annuloaortic ectasia and aortic insufficiency caused by
vasculitis were not reported.

Diagnosis of GCA
Overall, 30 (21.6%) of the 139 patients were diagnosed
by both positive TAB and positive imaging, 40 (28.8%)
by positive TAB, and 43 (30.9%) by positive imaging
based on the modified ACR GCA classification criteria
[6]. Twenty-six (18.7%) did not have positive TAB or
positive imaging and were diagnosed based on the 1990
ACR GCA classification criteria.

Clinical remission by week 24
Of the 139 newly diagnosed patients with GCA, clinical
remission was evaluated in 119 (85.6%) patients who were
observed for 24 weeks or longer, and 20 patients were ex-
cluded from the analysis (Fig. 1). Patient characteristics of
the 119 patients were the same as those of the 139 pa-
tients of the entire cohort (Additional file: Table S2).
The initial mean dose (SD) of prednisolone (PSL) was

0.76 (0.23) mg/kg/day, and 35 (29.4%) of the 119 pa-
tients received any concomitant immunosuppressive
drugs for induction therapy. Methotrexate (MTX) was
administered for the initial treatment in 20 patients,

azathioprine (AZA) in 11, and cyclophosphamide (CY)
in 4. No patients received biologic agents. Headache
and/or abnormal temporal artery was observed in 87 pa-
tients at baseline and improved at week 4 in 84 (96.6%)
and disappeared in all patients after week 8. Jaw claudi-
cation was found in 45 patients at baseline and disap-
peared in 44 (97.8%) by week 24. Twenty patients had
persisted signs and symptoms without worsening at
week 24 (visual manifestations 12, neck 1, and upper
limb 7), and CRP levels were normalized in all 20 pa-
tients. Thus, the 20 patients were deemed not to have
active disease at week 24. A total of 106 patients
achieved clinical remission by week 24 (Fig. 1).
Clinical courses of the thirteen patients without clin-

ical remission (i.e., worsening of clinical signs and symp-
toms or persisted elevation of CRP throughout 24
weeks) were as follows: one dissection and rupture of as-
cending aorta and post-cardiac arrest encephalopathy
11 days after treatment, one worsening of claudication of
the lower limbs at week 24, one progression of stenosis
of the vertebral artery at week 24, one acute heart failure
and post-cardiac arrest encephalopathy at week 52, one
deterioration of claudication of lower legs at week 24,
one deterioration of jaw claudication at week 24, six

Fig. 1 Screening, follow-up of the patients, and treatment outcomes. Clinical remission and relapse were evaluated in 119 newly diagnosed
patients who were observed for more than 24 weeks. Thirteen had worsening of clinical signs and symptoms or persisted elevation of CRP and
were not able to achieve clinical remission. Nine had a relapse after the achievement of clinical remission between weeks 0 and 24, and 97 had
no relapse at week 24 after the achievement of clinical remission. Nineteen of the 97 had relapse between weeks 24 and 52, and 78 had no
relapse at week 52 after the achievement of clinical remission. Overall, 41 had poor treatment outcomes
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subclinical arteritis of LVLs with persisted elevation of
CRP, and one subclinical arteritis of cranial lesions with
persisted elevation of CRP.

Relapse after achievement of clinical remission
Relapse after the achievement of clinical remission was re-
ported in a total of 28 patients: 9 between weeks 0 and 24
and 19 between weeks 24 and 52 (Fig. 1). The mean time
to relapse of patients was 307 days (95% CI 283–332). The
median dose of PSL at the time of relapse was 8.0 mg/day
(IQR 5–10). Cranial signs and symptoms were reported in
5 (17.9%) of the 28 relapse patients, headache in four, jaw
claudication in one, and visual disturbance in zero. PMR
was reported in five (17.9%) and constitutional symptoms
in four (14.3%). Clinical signs and symptoms of LVLs were
not observed at the relapse. The elevation of CRP without
clinical signs and symptoms followed by treatment in-
tensification was reported in 14 (50.0%) of the 28 relapse
patients. Four of the 14 patients showed deterioration of
imaging findings of LVLs with the following clinical
course: one progression of stenosis of the left subclavian
and ascending aorta, one dissection of descending thoracic
aorta, one expansion of the abdominal aorta, and one ex-
pansion of the right subclavian artery. Eight of the 14 pa-
tients had a relapse of subclinical LVLs with re-elevation
of CRP, and two had subclinical cranial lesions with re-
elevation of CRP. Overall, PSL dose was increased in 11
patients, and immunosuppressants were added in 18 pa-
tients of the 28 patients with relapse. MTX was started in
12 patients, AZA in 2, tacrolimus in 3, and CY in 1. Two
patients with clinical signs and symptoms of active disease
at the relapse did not have information about treatment
intensification.

Clinical characteristics of patients with the event of poor
treatment outcomes
Overall, 41(34.5%) of the 119 patients had the event of
poor treatment outcomes (i.e., non-achievement of clinical
remission by week 24 or relapse after achieving remission
during 52 weeks) (Fig. 1). Two of the 78 patients without
the event of poor treatment outcomes dropped out be-
cause of serious adverse events (AEs). Patients with the
event of poor treatment outcomes had less cranial signs
and symptoms and more LVLs, especially aortic lesions, at
baseline detected by imaging examinations (Table 3). Fre-
quency of PMR and comorbidities, median CRP at base-
line, mean weight, and mean PSL doses at weeks 0, 4, 8,
and 12 were similar between the two groups.

Associated factors of the event of poor treatment
outcomes in patients with GCA
Associated factors of the event of poor treatment out-
comes were analyzed for the 119 patients by using the
Cox proportional hazard model as described in the

“Methods” section. Univariable Cox proportional hazard
model showed the LVL was significantly associated with
the event of poor treatment outcomes (hazard ratio
[HR] 3.20, 95% CI 1.53–6.72, p = 0.002). Interestingly,
among LVLs, the presence of any lesions of the aorta
(HR 2.07, 95% CI 1.12–3.82, p = 0.02) was a significant
factor, while the presence of any lesions of the aortic
branches (HR 1.44, 95% CI 0.78–2.66, p = 0.240) was not
(Table 4). Any stenosis of the aortic branches was not
associated with the event of poor treatment outcomes,
but any aortic aneurysm increased the risk of the event
numerically. Age; sex; presence of PMR; presence of any
comorbidities; CRP levels at baseline; PSL doses at weeks
0, 4, 8, and 12; and immunosuppressive drug use at
baseline were not significantly associated factors for the
event of poor treatment outcomes. The presence of any
cranial lesions significantly reduced the risk of the event.
The mean time to the event of patients with LVLs (258
days, 95% CI 224–292) was significantly shorter than
that of patients without LVLs (326 days, 95% CI 299–
352) by log-rank test (p = 0.001) (Fig. 2a). The cumula-
tive rate of the event of poor treatment outcomes in pa-
tients with and without LVLs was 47.5% and 17.7%,
respectively.
In a multivariable analysis, age, sex, any cranial lesions,

and PMR were selected as covariates of interest, and the
presence of the LVL was only the significantly associated
factor of the event of poor treatment outcomes during
52 weeks (adjusted HR 3.53, 95% CI 1.52–8.24, p =
0.003) (Table 4).

Associated factors of relapse in patients who achieved
clinical remission
Relapse was evaluated in 106 patients who achieved clinical
remission by week 24. In univariable analysis, associated
factors with relapse were similar to those with the event of
poor treatment outcomes (Additional file: Table S3). The
presence of any aortic lesions, but not any lesions of the
aortic branches, was a significant factor of relapse. The
mean time to relapse of patients with LVLs was signifi-
cantly shorter than that of patients without LVLs (p = 0.01)
(Fig. 2b). The cumulative rate of relapse after the achieve-
ment of clinical remission in patients with and without
LVLs was 37.4% and 14.4%, respectively. Multivariable ana-
lysis showed that the presence of the LVL was only the sig-
nificantly associated factor of relapse after the achievement
of clinical remission during 52weeks (adjusted HR 4.41,
95% CI 1.62–12.0, p = 0.004) (Additional file: Table S3).

Safety
AEs during 52 weeks in the 119 patients are shown in
Table S4 of additional file. Serious infections occurred
in 9 (13.2%) of 68 LVL patients and in 10 (19.6%) of
51 non-LVL patients. Five patients died during the
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observational period. AE leading to death in the pa-
tients with LVLs were Pneumocystis jirovecii pneumo-
nia and cerebral infarction, ischemic heart disease
after dissection of the descending thoracic aorta, and
sudden death of unknown origin after the expansion

of abdominal aorta in one patient for each, and those
in the patients without LVLs were miliary tubercu-
losis and sudden death in one patient for each. Cere-
brovascular event was reported (n = 1) but was
unclear due to vasculitis.

Table 3 Clinical characteristics of patients with and without the event of poor treatment outcomes

With the eventa (n = 41) Without the eventb (n = 78) p

Age, years, mean ± SD 72.6 ± 8.3 73.3 ± 7.3 0.622

Female patients, % 73.2 64.1 0.317

Weight, kg, mean ± SD 49.4 ± 9.2 52.5 ± 11.1 0.128

Signs and symptoms of cranial lesions at baseline, % 65.9 83.3 0.03

Headache, % 51.2 64.1 0.173

Abnormal temporal artery, % 51.2 64.1 0.173

Jaw claudication, % 36.6 32.1 0.619

Visual disturbance, % 19.5 25.6 0.454

LVLs detected by imaging at baseline, % 78.0 46.2 0.001

Any lesions of the aortic branchesc, % 48.8 37.2 0.222

Any lesions of the aortad, % 53.7 30.8 0.015

Any structural vascular damagee, % 31.7 19.2 0.127

Stenosis of the aortic branchesc, % 12.2 15.4 0.637

Aneurysm of the aorta, % 9.8 2.6 0.106

Fever at baseline, % 24.4 36.8 0.170

Polymyalgia rheumatica at baseline, % 43.9 41.0 0.763

CRP at baseline, mg/dl, median (interquartile range) 7.15 (3.75–11.1) 6.82 (2.99–11.2) 0.810

Ischemic heart disease at baseline, % 2.4 7.7 0.235

Cerebrovascular disease at baseline, % 17.1 11.5 0.400

Hypertension at baseline, % 39.0 44.9 0.540

Diabetes mellitus at baseline, % 19.5 17.9 0.835

Hyperlipidemia at baseline, % 22.0 29.5 0.378

Initial dose of PSL, mg/kg/day, mean ± SD 0.76 ± 0.26 0.75 ± 0.22 0.799

PSL dose at week 4, mg/kg/day, mean ± SD 0.57 ± 0.20 0.56 ± 0.16 0.652

PSL dose at week 8, mg/kg/day, mean ± SD 0.42 ± 0.16 0.41 ± 0.14 0.774

PSL dose at week 12, mg/kg/day, mean ± SD 0.36 ± 0.15 0.34 ± 0.11 0.364

Immunosuppressive drug use at baseline, % 15.0 9.0 0.245

Immunosuppressive drug use during observational period, % 75.6 28.2 < 0.001

MTX for induction therapy, n (%) 11 (26.8) 9 (11.5) –

MTX for flare, % 12 (29.3) – –

CY for induction therapy, % 2 (4.9) 2 (2.6) –

CY for flare, % 3 (7.3) – –

AZA for induction therapy, % 7 (17.1) 4 (5.1) –

AZA for flare, % 2 (4.9) – –

LVLs large vessel lesions, LV large vessel, ACR American College of Rheumatology, CRP C-reactive protein, PSL prednisolone, GCs glucocorticoids, MTX
methotrexate, CY cyclophosphamide, AZA azathioprine
aPoor treatment outcomes were defined as non-achievement of clinical remission by week 24 or relapse after the achievement of clinical remission
during 52 weeks
bPatients without the event of poor treatment outcomes achieved clinical remission by week 24 and no relapse during 52 weeks.
cAny lesions of aortic branches by imaging included lesions in the carotid, vertebral, brachiocephalic, subclavian, axillary artery, pulmonary, renal, or iliac arteries
dAny lesions of the aorta by imaging included lesions in the ascending aorta, aorta arch, descending thoracic aorta, or abdominal aorta
eAny structural vascular damage included stenosis, dilatation, or aneurysm in lesions of the aortic branches and aorta
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Discussions
Almost 35% of the patients with GCA had the event of
poor treatment outcomes during 52 weeks in the multi-
centric retrospective cohort study in Japan; 11% was not
able to achieve clinical remission by week 24, and 24%
had a relapse after the achievement of clinical remission.
We have demonstrated that the presence of LVLs de-
tected by imaging studies at baseline was significantly as-
sociated with the event of poor treatment outcomes. A
sensitivity analysis using relapse alone as an event also
showed association with LVLs. Interestingly, among
LVLs, any aortic lesions are more likely to be associated
with the event of poor treatment outcomes. These data
suggest that GCA patients with LVLs, especially aortic
lesions, may be resistant to initial conventional immuno-
suppressive therapy without biologics.
The present study showed that the mean age at diag-

nosis, male to female ratio, frequency of cranial signs
and symptoms, and PMR were almost the same as epi-
demiological findings in Western countries [7, 13, 19–
21]. Prevalence and distribution of LVLs were various
among previous cohorts [4, 19, 20, 22–25] by different
inclusion criteria and imaging modalities used for the
diagnosis. In our cohort, LVLs were detected in about
half of GCA patients, and one fifth of the patients were
diagnosed as having GCA using LV imaging without

satisfying the 1990 GCA ACR classification criteria.
These are almost the same as a recent RCT, which
adopted the eligibility criteria including imaging for re-
cruitment of active patients [18, 19, 26]. The distribution
of LVLs in our study was almost similar to recent stud-
ies of GCA with LVLs [23, 27].
Serious outcomes, such as dissection and rupture of

aneurysms, were reported in previous studies [28–30].
Progressive vascular damage of LVLs during 52 weeks
was reported in six (8.8%) of the 68 patients with LVLs
in the present study, and these values were almost the
same as previous reports [20, 22].
The evaluation of disease activity and vascular damage

of LVV is challenging [31–33]. Ocular manifestations
and large artery complications were common damages
in patients with GCA [34]. In our study, upper limb
claudication and visual disturbance that persisted with-
out worsening for 6 months or longer were deemed as
an inactive disease at week 24. However, the imaging
progression of LVLs might be underestimated in the
present study, because follow-up imaging studies were
not conducted in all of the patients.
Treatment responses of GCA with LVLs are contro-

versial among observational studies [20, 21, 35–38]. The
present study showed only the presence of LVLs at base-
line was an associated factor of non-achievement of

Table 4 Associated factors with poor treatment outcomes during 52 weeks

Univariable analysis Multivariable analysisa

HR (95% CI) p HR (95% CI) p

Age, per 1 year increment 0.99 (0.95–1.03) 0.836 1.02 (0.97–1.08) 0.388

Female 1.44 (0.72–2.88) 0.396 1.28 (0.63–2.62) 0.492

Any cranial symptoms at baseline 0.50 (0.26–0.95) 0.034 0.83 (0.40–1.72) 0.622

Polymyalgia rheumatica at baseline 1.13 (0.61–2.09) 0.699 1.30 (0.63–2.62) 0.492

LVLs at baseline 3.20 (1.53–6.72) 0.002 3.54 (1.52–8.24) 0.003

Any lesions of the aortic branchesb 1.44 (0.78–2.66) 0.240

Any lesions of the aortac 2.07 (1.12–3.82) 0.02

Any structural vascular damaged 1.73 (0.90–3.35) 0.102

Aneurysm of the aorta 2.76 (0.98–7.78) 0.054

CRP at baseline per 1 mg/dl increment 1.00 (0.95–1.05) 0.930

Initial dose of PSL per 0.1 mg/kg/day increment 1.01 (0.88–1.17) 0.874

Dose of PSL at week 4 per 0.1 mg/kg/day increment 1.04 (0.86–1.25) 0.685

Dose of PSL at week 8 per 0.1 mg/kg/day increment 1.03 (0.83–1.29) 0.785

Dose of PSL at week 12 per 0.1 mg/kg/day increment 1.13 (0.87–1.46) 0.356

Immunosuppressive drug use at baseline 1.54 (0.65–3.67) 0.330

Poor treatment outcomes were defined as non-achievement of clinical remission by week 24 or relapse after the achievement of clinical remission
during 52 weeks
LVLs large vessel lesions, CRP C-reactive protein, PSL prednisolone
aAge, sex, any cranial symptoms, and polymyalgia rheumatica were selected as covariates of interest
bAny lesions of the aortic branches by imaging included lesions in the carotid, vertebral, brachiocephalic, subclavian, axillary artery, pulmonary renal, or
iliac arteries
cAny lesions of the aorta by imaging included lesions in the ascending aorta, aorta arch, descending thoracic aorta, or abdominal aorta
dAny structural vascular damage included stenosis, dilatation, or aneurysm in lesions of the aortic branches and aorta

Sugihara et al. Arthritis Research & Therapy           (2020) 22:72 Page 8 of 12



clinical remission or relapse, while initial PSL dose, PSL
tapering speed during the initial 12 weeks, and immuno-
suppressive drug use at baseline were not. However, as-
sociated factors of relapse or severe complications were
various (i.e., age, hypertension, diabetes at GCA diagno-
sis, ischemic heart disease, cranial signs and symptoms,
CRP at baseline, and dose of PSL at baseline) [13, 30,
38–41]. Differential treatment response and discrepancy
of the results in each cohort may be influenced by the
definition of clinical remission and relapse, prevalence of
LVLs, and severity of LVLs at baseline.

CRP elevation without clinical signs and symptoms
was not a reliable indicator of relapse of cranial lesions
and PMR [42], while clinical signs and symptoms of ac-
tive GCA were not necessarily observed in patients with
progression of LVLs [22, 36, 43–46]. Active LVLs of
GCA without clinical signs and symptoms were demon-
strated by PET-CT [47, 48]. Previous studies also
showed CRP elevation without clinical signs and symp-
toms was a common finding during tapering of PSL dose
[42] or at relapse of the disease in GCA cohorts [13, 17].
The present study also showed that elevation or re-

Fig. 2 Event-free curve in patients who were observed for 24 weeks or longer. a Time to poor treatment outcomes analyzed in all 119 patients
who were observed for 24 weeks or longer. Patients who did not achieve clinical remission by week 24 were considered to have had an event at
week 0. b Time to the first relapse in 106 patients who achieved clinical remission by week 24
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elevation of CRP without clinical signs and symptoms
was a common finding in the active GCA with LVLs at
baseline or relapse. The reason for treatment intensifica-
tion reported in 43% of the relapsed cases was the ele-
vated CRP and/or vascular structural progression, which
were considered as the residual vascular inflammation of
LVLs without clinical signs and symptoms.
There are some limitations associated with the retro-

spective design of this study. First, selection bias due to
retrospective design should be considered, but the risk is
small because suspected patients with GCA who were
referred to the participating hospitals of this study were
identified using data from electronic medical records,
and the investigators enrolled all cases. Second, 20 pa-
tients were excluded from the outcome analysis due to
the short follow-up period. But these patients had no re-
lapse and did not impact the interpretation of the data.
Third, a uniform assessment of LVL at baseline and re-
lapse, especially PET-CT, which was not covered by
health insurance before 2018 in Japan, was not imple-
mented for all the patients. However, imaging might be
rather more frequently examined for diagnosis of GCA
in Japan than in other countries, and the frequency of
LVL at baseline was as expected based on previous re-
ports [19, 20]. Fourth, the drug therapy was selected at
the discretion of an attending physician, and the present
study was not able to interpret the optimal protocol of
glucocorticoid therapy and the benefit of immunosup-
pressive drugs for GCA. Fifth, 139 newly diagnosed pa-
tients were enrolled from 23 facilities, and the number
of patients per facility may be fewer than previous stud-
ies in Western countries. However, the number of en-
rolled patients was higher than expected, since the
prevalence rate of Japanese GCA patients was much
lower than in Western countries [1].

Conclusions
LVLs are detected by imaging in about half of the Japanese
patients at baseline in the present study. LVLs, especially
any aortic lesions, were an associated factor for poor treat-
ment outcomes in the conventional immunosuppressive
therapy without biologics. Initial treatment intensity could
be determined based upon the presence or absence of
LVLs. Our research results will be important for establish-
ing a future treatment strategy for GCA.
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