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ABSTRACT

Introduction: Treatment of giant cell arteritis
(GCA) involves immediate initiation of high-
dose glucocorticoid therapy with slow tapering
of the dose over many months. Chronic expo-
sure to glucocorticoids is associated with serious
comorbidities. The objective of this analysis was
to determine the glucocorticoid exposure and
risk of glucocorticoid-related adverse events
(AEs) in real-world patients with GCA.

Methods: Data from the Truven Healthcare
MarketScan� database (from January 1, 2000, to
June 30, 2015) and the Clinical Practice
Research Datalink (CPRD; from January 1, 1995,
to August 31, 2013) were used to retrospectively
analyze patients aged C 50 years with GCA in
the USA and UK, respectively. Outcomes inclu-
ded oral glucocorticoid use (cumulative pred-
nisone-equivalent exposure), glucocorticoid-
related AEs and the association of AE risk with
glucocorticoid exposure over 52 weeks.
Results: Of the 4804 patients in the US Mar-
ketScan database and 3973 patients in the UK
CPRD database included, 71.3 and 74.6% were
women and mean age was 73.4 and 73.0 years,
respectively. Median starting glucocorticoid
dose and cumulative glucocorticoid dose at
52 weeks were 20–50 mg/day and
4000–4800 mg, respectively. The most frequent
glucocorticoid-related AEs were hypertension
and eye, bone health, and glucose tolerance
conditions. In the first year after diagnosis, the
likelihood of any glucocorticoid-related AE was
significantly increased for each 1 g increase in
cumulative glucocorticoid dose in the US and
UK cohorts (odds ratio [95% CI], 1.170 [1.063,
1.287] and 1.06 [1.03, 1.09], respectively;
P\ 0.05 for both). Similar trends were observed
for the risk of glucocorticoid-related AEs over
full follow-up (mean, USA: 3.9 years, UK:
6.3 years).
Conclusions: In real-world patients with GCA,
increased cumulative glucocorticoid exposure
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was associated with an increased risk of gluco-
corticoid-related AEs.
Funding: F. Hoffmann-La Roche Ltd.
Plain Language Summary: Plain language
summary available for this article.
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PLAIN LANGUAGE SUMMARY

Patients with giant cell arteritis (GCA) are at risk
of severe complications including permanent
blindness. To avoid these serious complications,
patients receive high doses of steroids, typically
prednisone, prednisolone, or a similar gluco-
corticoid. The steroid dose is then reduced
slowly over many months. However, relapse
occurs frequently and requires additional
rounds of treatment with high doses of steroids.
Long-term treatment with steroids increases the
risk of developing osteoporosis, infections,
heart disease, diabetes, cataracts, and glaucoma.
Therefore, reducing the total amount of steroids
needed to treat GCA is a key challenge to
improve the overall health of patients with this
disease.

This study measured how the cumulative
dose of steroid treatment affects the risk of
steroid-related complications in patients with
GCA who were treated in routine clinical prac-
tice in the United States and in the United
Kingdom. Over the course of 1 year from the
time of diagnosis, a patient with GCA typically
received a cumulative steroid dose of 4 g or
more. For each 1 g of cumulative steroid dose a
patient received, that patient’s risk of develop-
ing a complication related to steroid treatment
increased by 3 to 8%. This increase in risk
underscores the need for new therapies that
reduce the total amount of steroids needed for
the treatment of GCA.

INTRODUCTION

Giant cell arteritis (GCA) is the most common
form of systemic vasculitis, affects medium and
large arteries, and is typified by histological

features of localized inflammation in the
adventitia and media of arterial walls and infil-
trates of macrophages, T cells, and multinucle-
ated giant cells [1–5]. GCA is rare among
patients aged\ 50 years, with median age of
onset of 77 years [2, 3, 6]. Women are more
likely than men to develop GCA [2, 7]. Cau-
casians of Northern European descent are at an
increased risk of GCA [1–3, 8].

Classification criteria for GCA were estab-
lished by the American College of Rheumatol-
ogy in 1990 [9]. Markers of inflammation,
including ESR and CRP, are elevated in GCA.
Symptoms comprise severe headache (often of
new onset), jaw and limb claudication, scalp
and tongue necrosis, polymyalgia rheumatica
and visual disturbances, including blurred
vision, diplopia, and amaurosis fugax [9, 10]. If
untreated, vision loss can become perma-
nent B 48 h after onset of symptoms [11].

The standard of care for GCA involves
immediate initiation of high doses of gluco-
corticoids to provide immediate relief of symp-
toms and to avoid permanent visual
impairment. Treatment guidelines recommend
slow tapering of glucocorticoid doses over many
months after symptoms have resolved and ESR
and CRP levels have normalized [12–15].
Relapse is frequent, occurring in up to 50% of
patients, and requires re-initiation of the last
effective glucocorticoid dose or a higher dose at
the physician’s discretion [16, 17].

Chronic glucocorticoid exposure in patients
with GCA is associated with frequent occur-
rence of serious comorbidities, including
osteoporosis, infections, cardiovascular disease,
diabetes mellitus, cataracts, and glaucoma
[16, 18–21]. A similar burden of comorbidities
exists in patients who received glucocorticoid
treatment for rheumatoid arthritis [22, 23]. The
Glucocorticoid Toxicity Index (GTI) is a
recently developed tool to measure the complex
burden of glucocorticoid-related comorbidities
across diseases [24]. The GTI is based on a set of
clinical questions, which are not captured in
retrospective databases [24]. To adapt the
approach of the GTI to an analysis of claims
data, Medical Dictionary for Regulatory Activi-
ties groups of the GTI were translated into In-
ternational Classification of Diseases, Ninth
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Revision, Clinical Modification (ICD-9-CM) and
Read codes.

Mitigating the risks of glucocorticoid-related
adverse events (AEs) is important, as patients
with GCA tend to be older, with significant
comorbidities at the time of diagnosis and
treatment initiation. A quantitative under-
standing of the contributions of glucocorticoid
exposure to risks of glucocorticoid-related AEs
could inform treatment decisions and design of
future clinical trials in GCA. The recently
demonstrated efficacy of tocilizumab as a ster-
oid-sparing agent in patients with GCA in the
GiACTA clinical trial has created an opportu-
nity to re-evaluate standard-of-care practices
with regard to glucocorticoid therapy in this
patient population [25].

In this study, glucocorticoid exposure and
glucocorticoid-related AEs were examined in
two distinct real-world cohorts of patients with
GCA from US and UK healthcare claims data-
bases. These data provide a representation of
current treatment practices and potential
adverse consequences of glucocorticoid ther-
apy. The objectives of this study were to
describe real-world use of oral glucocorticoids
and to estimate the risk of glucocorticoid-re-
lated AEs adapted from the GTI and associated
with cumulative glucocorticoid exposure over
time in patients with GCA.

METHODS

Data Sources

The Truven Healthcare MarketScan� Commer-
cial Claims and Encounters (Commercial)
database and Medicare Supplemental and
Coordination of Benefits database (Medicare)
contain claims data for * 65 million US
patients, aged\ 65 years with private-sector
insurance plans or aged C 65 years with Medi-
care and employer-sponsored supplemental
insurance.

The Clinical Practice Research Datalink
(CPRD) contains data for * 12 million patients;
these data are broadly representative of the UK
general population in terms of age, sex, body
mass index, and ethnicity [26]. The CPRD

includes information about visits to general
practitioners (GPs) and demographics, out-
comes, diagnoses, prescriptions, and referrals
recorded by GPs. The study protocol was
reviewed and approved by the Independent
Scientific Advisory Committee for Medicines
and Healthcare Products Regulatory Agency.
Additional data for the UK cohort were
obtained from Hospital Episode Statistics,
which contains details of all patient admissions
to National Health Service hospitals in England,
including * 55% of patients in the CPRD.

This study is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors. This study used only de-
identified patient data; therefore, informed
consent for this study was not needed.

Study Design

This study comprised retrospective analyses of
glucocorticoid use and AEs in two cohorts of
patients with GCA in the United States and
United Kingdom. Patients were followed
for C 1 year after claims or GP-recorded data
indicated a GCA diagnosis (Fig. 1). Glucocorti-
coid prescriptions, glucocorticoid-related AEs,
and adverse events of special interest (AESIs)
were identified by code and included in the
analyses.

Patient Populations

Patients with GCA who received care from Jan-
uary 1, 2000, to June 30, 2015, were identified
in the MarketScan database and included in the
US cohort. Inclusion criteria were C 1 inpatient
claim or C 2 outpatient claims separated
by C 7 days and B 365 days with confirmatory
GCA listed (excluding diagnostic GCA claims)
among diagnoses (ICD-9-CM code
446.5); C 2 glucocorticoid prescriptions, with
the first B 6 months after index (index date was
defined as the first date of GCA diagnosis) and
the second B 6 months after the first (National
Coverage Determination [NCD]/Healthcare
Common Procedure Coding System [HCPCS]
codes list available on request); age C 50 years
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at index; evidence of receiving C 1 diagnostic
workup for temporal artery biopsy, magnetic
resonance angiography, computed tomography
angiography or positron emission tomography
computed tomography B 1 year pre- or post-
index (Current Procedural Terminology [CPT]/
HCPCS codes list available on request); no
confirmatory GCA claims B 1 year prior to first
GCA diagnosis to ensure that the case repre-
sents a new GCA diagnosis; C 1 GCA claim after
the diagnostic workup; continuous medical and
pharmacy coverage and full data available for
the duration of the patient’s eligibility (B 30-
day gaps permitted pre-index); C 365 days of
eligibility prior to first GCA diagnosis; no toci-
lizumab exposure; C 365 days of follow-up after
index date; and C 365 days of follow-up after
first glucocorticoid prescription.

Patients with GCA who received care from
January 1, 1995, to August 31, 2013, in the
CPRD were identified and included in the UK
cohort. Inclusion criteria were aged C 50 years;
diagnosis code for GCA (Read codes G755000,
G755.00, G755z00, N200.00, G755100, and
RG755200); C 2 prednisolone prescriptions,
with the first B 6 months after GCA diagnosis
and the second B 6 months after the first (Read
codes list available on request); C 3 years of
recorded medical history prior to first GCA
diagnosis; C 365 days of follow-up after first

prednisolone prescription; and no diagnosis of
cancer, alcoholism, drug abuse or HIV prior to
the prednisolone start date. Linkage to Hospital
Episode Statistics, covering 1997 to 2012, was
obtained for patients identified in the UK
cohort. The years of follow-up mostly overlap
between the US and UK cohorts but are not the
same due to differences in access to the data at
the time of the analysis.

Glucocorticoid Exposure

Oral glucocorticoid exposure was captured
using the mean prednisone-equivalent dose
(Supplemental Table 1). The start date for glu-
cocorticoid exposure was the first date of glu-
cocorticoid use after index. To describe real-
world glucocorticoid use, cumulative glucocor-
ticoid exposure was determined at 52 weeks and
at the end of the study period using all available
follow-up data. Tablet strength (i.e., 10 mg or
5 mg) and prescription quantity were summed
across all glucocorticoid prescriptions (by pred-
nisone-equivalent dose). The most frequently
used prescription quantity in the cohort was
used for missing values. The duration of each
oral glucocorticoid prescription was calculated
by combining the dosing instructions and the
number of tablets prescribed. One tablet per day
was assumed for missing values. For overlaps in

Fig. 1 Study time frame for patients with GCA in US and UK cohorts
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repeat prescriptions, the total duration was
extended by the number of days of overlap. For
instances of two glucocorticoid prescriptions on
the same date, the longer of the two prescrip-
tion durations was used; these were likely pre-
scribed to be taken together to create a higher
dose. For the UK cohort, only prednisolone
prescriptions were included.

Safety Endpoints

Safety endpoints included glucocorticoid-re-
lated AEs classified based on the GTI and AESIs,
which were AEs observed during the tocilizu-
mab clinical trial program [24]. Additionally,
specific AEs from the glucocorticoid-related
groupings and the AESI list were evaluated. For
glucocorticoid-related AEs and AESIs, patients
were excluded if the AE occurred B 30 days
or B 365 days prior to index, depending on the
AE type (Supplemental Table 2). Glucocorti-
coid-related AEs comprised diagnosis codes for
blood pressure, endocrine, bone-related, muscle
and tendon, eye, glucose tolerance, gastroin-
testinal tract, skin, and neuropsychiatric con-
ditions [24]. AESIs to tocilizumab comprised
myocardial infarction, ischemic stroke, hemor-
rhagic stroke, cerebrovascular accident, acute
coronary syndrome, heart failure, acute hepatic
failure, hepatic transplant, hepatotoxic events,
gastrointestinal perforation, malignancies, seri-
ous infections, opportunistic infections, pneu-
monia, serious gastrointestinal bleeding events,
and demyelination. Patients were classified as
having experienced an AESI if hospitalization
(C 1-day hospital stay) occurred with a diagno-
sis code indicative of the AESI on or after index.
The exceptions were malignancies, which
required C 1 inpatient or C 2 outpatient claims
(separated by C 7 days), and serious infections,
which required either hospitalization
or C 1 outpatient claim requiring intravenous
antibiotics (B 7 days prior to or after infection
diagnosis) [27].

Statistical Analysis

Two approaches were used to determine the
association between glucocorticoid use over

time and the risk of an AE: a logistic regression
model and a Cox proportional hazards model.
Both models estimated the risk of developing an
AE associated with a 1-g increase in cumulative
glucocorticoid exposure over time, where
cumulative glucocorticoid exposure was mod-
eled as a continuous variable and cumulative
prednisone-equivalent exposure (in grams) was
used to index glucocorticoid exposure. The
logistic regression model examined the risk of
an AE over the first 52 weeks from the index
date. In the logistic regression model, the glu-
cocorticoid exposure variable was modeled as
the cumulative glucocorticoid dose. The Cox
model evaluated the long-term risk of an AE
over the full follow-up duration. The full follow-
up duration could vary from patient to patient,
with a minimum duration of 52 weeks. In the
Cox model, the glucocorticoid exposure vari-
able was modeled as a combination of the daily
dose and the cumulative dose of glucocorti-
coids. Both models were adjusted for age, sex,
baseline comorbidities (Charlson Comorbidity
Index), previous disease history (occurrence of
the event 30 days or 365 days prior to index)
and glucocorticoid exposure as independent
variables.

For the individual glucocorticoid-related AE
analyses (e.g., pneumonia, fracture), patients
without that specific AE were censored at the
end of follow-up. Patients with the specific AE
in the 30 days or 365 days prior to index were
excluded from the model. Adjusted hazard
ratios and 95% CIs are reported.

When incidence rates were generated and
risk models were run, only those patients who
had the AE under investigation were excluded,
not the total number of patients who had any of
the baseline exclusionary AEs.

In the GiACTA study, the mean cumulative
prednisone dose was 2097.8 and 2447.0 mg in
the tocilizumab weekly and every-other-week
dose groups, respectively; patients in both
groups received tocilizumab in combination
with a 26-week prednisone taper [25]. These
mean cumulative prednisone doses were
applied as cutoffs to the real-world data gluco-
corticoid doses to categorize patients as having
either high or low glucocorticoid exposure. The
absolute risk difference between high and low
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glucocorticoid exposure groups was calculated
for the risk of experiencing any glucocorticoid-
related AE within 52 weeks. The risk difference

was calculated using a generalized linear model
with a binomial distribution and the identity
link.

Table 1 Baseline demographics for patients with GCA by study cohort

Characteristic US cohort (MarketScan� 2000–2015)
(N = 4804)

UK cohort (CPRD 1995–2013)
(N = 3973)

Female (n (%)) 3425 (71.3) 2964 (74.6)

Age at index (mean (SD)

(years))

73.4 (9.8) 73.0 (8.9)

Age group (n (%) (years))

50–54 145 (3.0) 109 (2.7)

55–59 338 (7.0) 259 (6.5)

60–64 613 (12.8) 372 (9.4)

65–69 484 (10.1) 580 (14.6)

70–74 786 (16.4) 855 (21.5)

75–79 985 (20.5) 849 (21.4)

80–84 872 (18.2) 597 (15.0)

[84 581 (12.1) 352 (8.9)

Smoking status, n (%)

Never NA 1933 (48.7)

Current NA 621 (15.6)

Former NA 1148 (28.9)

Missing NA 271 (6.8)

Body mass index (n (%) (kg/m2))

12–18.4 NA 75 (1.9)

18.5–24.9 NA 1283 (32.3)

25–29.9 NA 1326 (33.3)

30–60 NA 694 (17.5)

Missing NA 595 (15.0)

Alcohol use

Never NA 979 (24.6)

Current NA 2463 (62.0)

Former NA 66 (1.7)

Missing NA 465 (11.7)

CPRD Clinical Practice Research Datalink, NA not available
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RESULTS

Baseline Patient Demographics

The demographic characteristics of both the US
cohort (N = 4804) and UK cohort (N = 3973)
were typical for patients with GCA (Table 1).
Patients were predominately female ([70%)
and elderly, with mean age of * 73 years.
Among UK patients, 50.8% were overweight or
obese (body mass index[25 kg/m2), 15.6%
were current and 28.9% were former smokers,
and 62.0% consumed alcohol. Data on these
characteristics were not available for US
patients.

Glucocorticoid Use

The median (interquartile range [IQR]) starting
daily dose of oral glucocorticoids among all
patients in the US cohort was 50 (25–60) mg,
based on prednisone-equivalent dose (Table 2).
Among the subgroup of UK patients who had
complete daily dose instructions with their pre-
scription fills (n = 278), the median (IQR) start-
ing daily dose of oral glucocorticoids was
20 (10–40) mg. The median (IQR) cumulative
dose of oral glucocorticoids at 52 weeks from the
first glucocorticoid dose in the US (n = 4804) and
UK (n = 3973) cohorts was 4800 (2700–7317) mg
and 4000 (2380–5930) mg, respectively.

Risk of Adverse Events

A logistic regression model indicated a statisti-
cally significant increase in the likelihood of US
patients experiencing any glucocorticoid-re-
lated AE associated with each 1-g increase in
cumulative glucocorticoid dose in the first year
following a GCA diagnosis (odds ratio [95% CI],
1.170 [1.063, 1.287]; Table 3). Statistically sig-
nificant increases in the likelihood of develop-
ing a bone-, musculoskeletal-, eye-, glucose
tolerance-, or skin-related disorder were found
in the US cohort for each 1-g increase in
cumulative glucocorticoid dose over 52 weeks.
The likelihood of US patients experiencing an
AESI to tocilizumab (odds ratio [95% CI], 1.056
[1.008, 1.105]) significantly increased with each

1-g increase in cumulative glucocorticoid dose
in the first year following diagnosis. The likeli-
hood of fractures, glaucoma, and serious infec-
tions in the US cohort were also significantly
increased for each 1-g increase in cumulative
glucocorticoid dose. No clear differences were
found in the likelihood of a glucocorticoid-re-
lated AE or an AESI over 52 weeks between
patients of different age groups.

In the UK cohort, significant increases were
found in the overall likelihood of developing
any glucocorticoid-related AE and the likeli-
hood of musculoskeletal-, eye-, glucose toler-
ance- or skin-related disorders with each 1-g
increase in cumulative glucocorticoid exposure
over the first years following a GCA diagnosis.
The likelihood of diabetes, glaucoma, cataracts,
and serious infections was also significantly
increased for each 1-g increase in cumulative
glucocorticoid dose, but the likelihood of
experiencing an AESI to tocilizumab was not
increased (Table 3).

Over the full follow-up in the US (mean,
3.9 years) and UK cohorts (mean, 6.3 years), the
Cox proportional hazards model indicated that
the risk of a glucocorticoid-related AE was sig-
nificantly increased with each 1-g increase in
cumulative glucocorticoid exposure (Table 4).
In both cohorts, statistically significant
increased risks were associated with each 1-g
increase in cumulative glucocorticoid exposure
for the glucocorticoid-related AE categories of
endocrine, bone-related, eye, glucose tolerance,
and skin conditions; for the specific AEs of
anemia, cataracts, diabetes, osteoporosis, and
serious infections; and for AESIs to tocilizumab.
Statistically significant increased risks were
found for blood pressure and neuropsychiatric
conditions in the US cohort (but not the UK
cohort) and for musculoskeletal-related condi-
tions in the UK cohort (but not the US cohort).

In the US cohort, a 9% risk reduction was
observed for a glucocorticoid-related AE in the
first year following a GCA diagnosis for patients
who received a cumulative glucocorticoid dose
that was identical to or lower than the doses
received by the tocilizumab groups in the
GiACTA study (Table 5). In the UK cohort, a 6%
risk reduction was observed for a glucocorti-
coid-related AE in the first year following a GCA
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diagnosis using the same cutoffs for cumulative
glucocorticoid dose.

DISCUSSION

The real-world US and UK cohorts in this study
had demographic characteristics typical of
patients with GCA [16, 18, 28, 29]. They were
exposed to substantial cumulative doses of

glucocorticoids in real-world clinical practice
settings in the first year following GCA diag-
nosis (median, 4–4.8 g) and throughout their
disease course (median, 6.8–7.2 g). Patients had
a significantly greater risk of developing gluco-
corticoid-related AEs for each additional 1 g of
cumulative glucocorticoid exposure both over
the first year following diagnosis and over the
full follow-up. In both cohorts, increased risk
was found for diabetes (3–4.9%), fractures

Table 2 Summary of glucocorticoid use in patients with GCA by study cohort

Glucocorticoid use US cohort
(N = 4804)

UK cohort
(N = 3973)a

Daily starting dose of first GC after index (n = 4804) (n = 278)b

Mean (SD) (mg) 47 (35) 24 (17)

Median (IQR) (mg) 50 (25–60) 20 (10–40)

Range (mg) 0.11–800 1–100

Cumulative GC dose 52 weeks after index (n = 4804) (n = 3973)

Mean (SD) (mg) 5577 (4985) 4432 (2792)

Median (IQR) (mg) 4800 (2700–7317) 4000 (2380–5930)

Range (mg) 10–140,600 48–28,050

Patients on 0 mg/day at 52 weeks (n (%))c 1810 (47) 1631 (41.1)

Cumulative GC dose from index to end of study (n = 4804) (n = 3973)

Mean (SD) (mg) 8685.9 (8500.7) 9620.3 (8497.5)

Median (IQR) (mg) 6750 (3600–11,173) 7233 (3790–13,025)

Range (mg) 10–156,200 61–77,225

Total supply of GC in days from index to end of follow-up (mean

(median))

485 (338) 1405 (1175)

Patients with GC fills after 52 weeks (n (%)) 3650 (76) 3185 (80)

Among patients continuing to receive GC after 52 weeks (n = 3650) (n = 3185)

Length of treatment from index to end of follow-up (mean (SD) (days)) 600 (510) 1660 (1170)

Median (IQR) (days) 441 (282–749) 1324 (775–2247)

Range (days) 17–4309 18–6748

GC glucocorticoid, IQR interquartile range
a Only prednisolone prescriptions were included in the analysis of UK patients; 1.2% of UK patients had prescriptions for
other glucocorticoids (methylprednisolone was prescribed for 0.05%)
b Only patients with complete information on dosage instructions were included in the starting dose calculation
c Only patients who had a fill during week 26 or 56 were included; patients could be excluded if they tapered to 0 mg/day
or were still on glucocorticoids but their prescription fill was not during week 26 or week 52
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(1–1.9%), glaucoma (2–2.9%), osteoporosis
(3–3.4%) and serious infections (2–3.2%) for
each 1-g increase in cumulative glucocorticoid

exposure over the full follow-up. Furthermore,
patients with cumulative glucocorticoid expo-
sure greater than the mean cumulative

Table 3 Odds ratios for various SAEs for each 1-g increase in cumulative glucocorticoid use over 52 weeks by study cohort

Serious adverse events Odds ratio (95% CI)a

US cohort (N = 4804) UK cohort (N = 3973)

GC-related AEsb

Any GC-related event 1.17 (1.06, 1.29)c 1.06 (1.03, 1.09)c

Blood pressure 1.04 (1.00, 1.09) 1.06 (1.00, 1.08)

Endocrine 1.12 (0.98, 1.28) 1.04 (0.75, 1.44)

Bone-related conditions 1.07 (1.03, 1.12)c 1.03 (0.99, 1.06)

Muscle and tendon 1.11 (1.01, 1.21)c 1.15 (1.05, 1.27)c

Eye 1.06 (1.01, 1.11)c 1.12 (1.07, 1.17)c

Glucose tolerance 1.14 (1.09, 1.20)c 1.07 (1.02, 1.11)c

Gastrointestinal tract 1.00 (0.81, 1.25) 0.89 (0.76, 1.04)

Skin 1.10 (1.03, 1.17)c 1.09 (1.03, 1.15)c

Neuropsychiatric 1.05 (0.98, 1.12) 1.04 (0.99, 1.09)

Other SAEs

Adrenal insufficiency 1.12 (0.98, 1.28) 1.04 (0.72, 1.51)

Anemia 1.04 (0.99, 1.10) 1.02 (0.96, 1.08)

Cataracts 1.02 (0.97, 1.08) 1.09 (1.03, 1.16)c

Cerebrovascular disease 1.01 (0.93, 1.10) 1.01 (0.95, 1.07)

Depression 1.06 (0.97, 1.15) 0.98 (0.91, 1.06)

Diabetes 1.12 (1.06, 1.18)c 1.12 (1.06, 1.17)c

Fracture 1.09 (1.04, 1.15)c 1.02 (0.94, 1.10)

Gastrointestinal perforation 1.00 (0.80, 1.27) 1.01 (0.71, 1.43)

Glaucoma 1.09 (1.01, 1.17)c 1.14 (1.09, 1.21)c

Liver disease 1.16 (0.92, 1.46) NA

Myocardial infarction 0.96 (0.86, 1.08) 0.87 (0.77, 0.99)c

Osteoporosis 1.06 (1.00, 1.13)c 1.03 (0.98, 1.09)

Serious infections 1.05 (1.01, 1.10)c 1.06 (1.00, 1.12)c

Any AESI to tocilizumab 1.06 (1.01, 1.10)c 0.99 (0.95, 1.03)

AE adverse event, AESI adverse event of special interest, GC glucocorticoid, NA not available, SAE serious adverse event
a Regression adjusted for covariates of age, sex, Charlson Comorbidity Index, and previous disease history
b Classes of AEs included in the evaluation of the Glucocorticoid Toxicity Index [24]
c P\ 0.05
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Table 4 Hazard ratios for various SAEs for each 1-g increase in cumulative glucocorticoid use over full follow-up by study
cohort

Serious adverse events Hazard ratio (95% CI)a

US cohort (N = 4804)b UK cohort (N = 3973)c

GC-related AEsd

Any GC-related event 1.08 (1.00, 1.16)e 1.03 (1.02, 1.04)e

Blood pressure 1.04 (1.01, 1.07)e 1.00 (0.98, 1.01)

Endocrine 1.05 (1.02, 1.09)e 1.09 (1.01, 1.17)e

Bone-related conditions 1.03 (1.01, 1.04)e 1.02 (1.01, 1.03)e

Muscle and tendon 1.04 (1.00, 1.07) 1.06 (1.03, 1.10)e

Eye 1.04 (1.02, 1.06)e 1.04 (1.03, 1.05)e

Glucose tolerance 1.05 (1.03, 1.06)e 1.02 (1.01, 1.04)e

Gastrointestinal tract 1.00 (0.91, 1.10) 1.02 (0.99, 1.06)

Skin 1.04 (1.02, 1.05)e 1.03 (1.01, 1.04)e

Neuropsychiatric 1.03 (1.01, 1.05)e 1.01 (0.99, 1.02)

Other SAEs

Adrenal insufficiency 1.05 (1.02, 1.09)e 1.00 (0.81, 1.24)

Anemia 1.02 (1.01, 1.04)e 1.02 (1.01, 1.04)e

Cataracts 1.03 (1.01, 1.05)e 1.04 (1.03, 1.05)e

Cerebrovascular disease 1.01 (0.98, 1.04) 1.00 (0.99, 1.02)

Depression 1.02 (1.00, 1.05)e 1.01 (1.00, 1.03)

Diabetes 1.05 (1.03, 1.07)e 1.03 (1.01, 1.05)e

Fracture 1.02 (1.00, 1.04)e 1.01 (1.00, 1.03)

Gastrointestinal perforation 1.04 (0.98, 1.09) 1.09 (0.99, 1.20)

Glaucoma 1.03 (0.98, 1.08) 1.02 (1.00, 1.05)

Liver disease 1.03 (0.95, 1.12) NA

Myocardial infarction 1.01 (0.99, 1.04) 1.01 (0.99, 1.03)

Osteoporosis 1.03 (1.02, 1.05)e 1.03 (1.01, 1.04)e

Serious infections 1.03 (1.02, 1.04)e 1.02 (1.01, 1.04)e

Any AESI to tocilizumab 1.02 (1.01, 1.04)e 1.01 (1.01, 1.02)e

AE adverse event, AESI adverse event of special interest, GC glucocorticoid, NA not available, SAE serious adverse event
a Regression adjusted for covariates of age, sex, Charlson Comorbidity Index, and previous disease history
b Mean (median) follow-up duration for the US cohort was 3.9 (3.1) years
c Mean (median) follow-up duration for the UK cohort was 6.3 (5.5) years
d Classes of AEs included in the evaluation of the Glucocorticoid Toxicity Index [24]
e P\ 0.05

336 Rheumatol Ther (2018) 5:327–340



glucocorticoid doses (2097.8 mg or 2447.0 mg)
in patients who received tocilizumab in
GiACTA had significantly greater risk of devel-
oping a glucocorticoid-related AE over 52 weeks
(6–9% increased risk) than those exposed to
lower cumulative doses. This provides an esti-
mate of the expected reduction in risk of glu-
cocorticoid-related AEs in real-world patients
with GCA if their cumulative glucocorticoid
exposure were to be reduced with tocilizumab
treatment.

The increased risk of developing glucocorti-
coid-related AEs was consistent with previous
findings in UK patients with GCA [19, 20].
Trends were similar despite the smaller size of
the cohort and differences in outcome defini-
tions in this analysis. Also consistent with pre-
vious findings, a significant increase with
cumulative glucocorticoid exposure was
observed for diabetes, osteoporosis, and serious
infections [19, 20].

The median starting dose of glucocorticoids
in the US cohort (50 mg/day) was similar to the
median starting doses previously described in
an observational cohort of US patients with
GCA (60 mg/day) and in a study based on
MarketScan claims data that used a different
definition of GCA (40 mg/day) [16, 30]. The
high starting doses of glucocorticoids were also
consistent with treatment guidelines for GCA
(recommended starting dose, 40–60 mg/day

or C 60 mg/day when visual complications are
present) [13–15]. Over the full follow-up (mean,
3.9 and 6.3 years in US and UK cohorts,
respectively), patients with GCA had cumula-
tive glucocorticoid doses (mean [SD], 8.7 [8.5] g
and 9.6 [8.5] g) consistent with findings that
30% of UK patients with GCA received C 10 g
of oral glucocorticoids during the course of their
disease [18]. In the UK cohort, the median
starting dose was lower compared with the US
cohort (20 vs. 50 mg/day), and lower than
expected based on published European and
British treatment recommendations [1, 14].
Only a small subgroup of UK patients (\10%)
had daily dose instructions available for analy-
sis; this subgroup may not be representative of
the full cohort. The cumulative doses over the
course of 1 year, however, were similar (4.0 vs.
4.8 g).

The consistent elevation in risk of develop-
ing a glucocorticoid-related AE in this study was
approximately 3–5% per additional 1 g of
exposure over the full follow-up. Although the
absolute risk related to glucocorticoid exposure
appears low, the multiple-gram cumulative
exposure in individual patients over the dura-
tion of their disease course makes the risk of
experiencing a glucocorticoid-related AE sub-
stantial. In a previously studied US cohort, 86%
patients with GCA developed C 1 glucocorti-
coid-related serious AE [16]. The population-

Table 5 Risk differences between high and low glucocorticoid exposure (compared with glucocorticoid exposure in the
GiACTA study) of any SAE over 52 weeks by study cohort

Exposure type Risk difference by cutoff for high vs.
low GC exposure (95% CI)a

US cohort
(N = 4804)

UK cohort
(N = 3973)

Cutoff based on mean cumulative GC exposure in patients who received

tocilizumab weekly (%)

9.25 (4.73, 13.77)b 6.05 (1.67, 10.43)b

Cutoff based on mean cumulative GC exposure in patients who received

tocilizumab every other week (%)

9.22 (4.73, 13.72)b 6.19 (2.11, 10.27)b

GC glucocorticoid, SAE serious adverse event
a High GC exposure: cumulative GC dose[mean cumulative GC dose in patients who received tocilizumab in the
GiACTA study. Low GC exposure: cumulative GC dose B mean cumulative GC dose in patients who received tocilizumab
in the GiACTA study. Regression adjusted for covariates of age, sex, Charlson Comorbidity Index, and previous disease
history
b P\ 0.05
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level impact of this risk makes glucocorticoid-
related AEs a significant public health burden.
Furthermore, the risk of developing a gluco-
corticoid-related AE may not be a linear func-
tion of cumulative dose.

The increased risk of serious infections
observed in this study is consistent with a
recent prospective study in France, which found
an elevated risk of serious infections and infec-
tion-related deaths during the first year after
GCA diagnosis in older patients and in patients
with diabetes or with long-term high-dose glu-
cocorticoid exposure [31]. In a study of The
Health Improvement Network, a general prac-
tice database similar to the CPRD, serious
infection incidence rates were significantly
higher in patients with GCA compared with the
general population [19].

This study has three key strengths. First, each
patient cohort was[ 10-fold larger (3973 and
4804 vs. 251 patients) and had less restrictive
inclusion criteria than in the GiACTA study,
which excluded patients with many comor-
bidities that are relevant in those C 50 years of
age, including malignancies, active or recent
infections, immunodeficiency, liver disease and
uncontrolled cardiovascular or respiratory dis-
ease [21]. Second, the patients in these cohorts
received glucocorticoid doses according to the
treating physician’s discretion without the rig-
orously defined steroid tapering schedule and
escape criteria used in GiACTA. Third, these
analyses evaluate glucocorticoid-related safety
outcomes in two cohorts of patients with a rare
disease from large databases with long follow-
up time to complement the shorter and smaller
pivotal clinical trial.

This study also has several limitations. The
GCA population comprises patients who have a
severe disease burden and are primarily elderly;
these features themselves increase the risk of
AEs. Per standard of care, all patients with GCA
receive glucocorticoids, so no comparisons can
be made with a cohort of patients without glu-
cocorticoid use. Claims data provide an
incomplete picture for health research, as most
clinical characteristics are not typically col-
lected, few patient demographic variables are
captured (increasing confounding with respect
to basic characteristics in risk analyses) and

outcomes important for reimbursement are
likely to be overrepresented due to the data-
bases’ purposes in medical billing (not health-
care research). The MarketScan data are a non-
random sample of patients, representing
patients with access to medium to large
employer-sponsored insurance plans and those
who can afford to purchase commercial insur-
ance. The CPRD lacks information on specialist
and hospital visits, and linkage to other data
sources is imperfect; thus care provided in hos-
pitals or by a non-participating physician will
be missed. Additionally, the CPRD has high
positive predictive value but potentially low
sensitivity of a disease measure, potentially
biasing incidence rates toward underestimation,
and codes used in the CPRD lack standardized
disease definitions [26]. Both data sets have
differences in underlying definitions, and
underreporting in the general practice setting in
the UK is likely due to data collection methods.
Finally, neither data set can convey causality
(e.g., if a patient is receiving another medica-
tion known to cause C 1 AE classified as a glu-
cocorticoid-related AE).

CONCLUSIONS

This study measured the cumulative glucocor-
ticoid dose in real-world patients with GCA and
estimated a 3–8% increased risk of glucocorti-
coid-related AEs in these patients for each 1-g
increase in cumulative glucocorticoid exposure.
Further quantitative investigation is needed to
understand how the cumulative glucocorticoid
exposure correlates with the cumulative risk of
glucocorticoid-related AEs. These findings
highlight the need for widespread use of ster-
oid-sparing therapy to prevent relapse and to
accelerate glucocorticoid tapering in patients
with GCA.
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