
Clinical and Experimental Rheumatology 2022Clinical and Experimental Rheumatology 2022; 40: 826-833.

Giant cell arteritis treatment patterns and rates 
of serious infections

S.K. Tedeschi1, Y. Jin2, S. Vine2, H. Lee2, A. Pethoe-Schramm3, V. Yau4, S.C. Kim1,2

1Division of Rheumatology, Inflammation and Immunity; 2Division of Pharmacoepidemiology 
and Pharmacoeconomics, Brigham and Women’s Hospital and Harvard Medical School, 

Boston, MA, USA; 3F. Hoffmann-La Roche Ltd. Basel, Switzerland; 
4Genentech, South San Francisco, CA, USA.

Abstract
Objective

Giant cell arteritis (GCA) afflicts older adults who may have age- and comorbidity-related risks for infection and is 
treated with immunosuppressants that increase risk of infection. We examined GCA treatment patterns and rates of 

serious infections in two real-world cohorts in the U.S. 

Methods
We identified two GCA cohorts using two U.S. health insurance databases, Medicare (public, 2007-2017) and 

MarketScan (commercial, 2015-2019), by applying a validated claims-based algorithm with positive predictive value 
79.0% for GCA. We required age ≥50 years and assessed baseline comorbidities, dispensing of immunosuppressants 

and prophylactic antibiotics, and vaccine administration. We calculated incidence rates (IR) of serious infections, 
defined as bacterial or viral infections requiring hospitalisation based on primary inpatient diagnosis code. 

Multivariable Cox proportional hazards models estimated hazard ratios for risk of serious infection for 
prespecified covariates. 

Results
The Medicare cohort included 734 patients, 28% male, mean age 77.1; the MarketScan cohort included 1022 patients, 

30% male, mean age 68.4. More than 85% used prednisone ≥60mg daily at index date and <10% used tocilizumab. 
Serious infections developed in 27.9% of Medicare and 7.2% of MarketScan patients: IR per 100 person-years=10.7 

(95% CI 9.3, 12.2) in Medicare and 6.3 (95% CI 5.0, 7.9) in MarketScan. Older age and higher frailty score were 
significantly associated with increased risk for serious infection.

Conclusion
In these two U.S. GCA cohorts, high-dose glucocorticoids were the most common initial treatment, and over 25% of 
Medicare and 7% of MarketScan patients developed serious infection during follow-up. Older age and higher frailty 

score were associated with higher risk of serious infections, though maximum daily prednisone dose was not. 
Pneumocystis jiroveci pneumonia was rare in two GCA cohorts despite infrequent use of prophylactic antibiotics.
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Introduction
Serious infections are a major cause of 
morbidity and mortality among older 
adults (1). Giant cell arteritis (GCA) af-
flicts adults aged 50 years or older and 
requires treatment with glucocorticoids 
and/or other immunosuppressants, 
which raises questions about possible 
increases in infectious risk (2, 3). Older 
adults are susceptible to infection for 
numerous reasons including decreased 
immune function (immunosenescence), 
nutritional deficits, and anatomical and 
physiologic changes of ageing that fa-
cilitate infection (4). Common comor-
bidities in older adults, including hy-
pertension, diabetes, and cancer, also 
predispose to infection (5, 6).
Glucocorticoids, the mainstay of GCA 
treatment for decades, increase the risk 
of infection in other autoimmune dis-
eases (7, 8). GCA has historically been 
treated with high-dose prednisone (e.g., 
40-60mg daily) to induce remission, 
followed by a gradual taper over at 
least 12 months to maintain remission. 
In 2016, a small randomised, double-
blind, placebo-controlled trial reported 
the efficacy of intravenous tocilizumab, 
an interleukin-6 alpha receptor antago-
nist, in the induction and maintenance 
of remission in patients with giant cell 
arteritis (9). In 2017, subcutaneous to-
cilizumab demonstrated efficacy for 
treating GCA in combination with a 
26-week glucocorticoid taper in a large 
randomised, placebo-controlled Phase 
3 trial (GiACTA) (10), providing the 
basis for the subsequent world-wide 
marketing authorisation of subcutane-
ous tocilizumab for the treatment of 
GCA. GiACTA demonstrated that to-
cilizumab treatment in GCA allowed 
more rapid tapering of glucocorticoids 
compared to conventional glucocorti-
coid monotherapy, without an increase 
in adverse events (10). Treatment pat-
terns of tocilizumab use for GCA since 
its approval in the U.S. have not been 
evaluated.
Potential infectious risks of immuno-
suppressive treatment for GCA may 
be mitigated by preventive measures 
including vaccination and use of pro-
phylactic anti-infective medications. 
The U.S. Centers for Disease Control 
and Prevention’s Advisory Commit-

tee on Immunization Practices and 
the European Alliance of Associations 
for Rheumatology (EULAR) recom-
mend pneumococcal vaccination and 
annual influenza vaccination for GCA 
patients; live-attenuated virus vacci-
nation against herpes zoster is recom-
mended for those using prednisone 
20mg/day or less (11, 12). Prophylaxis 
against Pneumocystis jiroveci pneumo-
nia is commonly used in the care of pa-
tients with systemic rheumatic disease, 
with a number needed to treat of 19 
when the risk of Pneumocystis jiroveci 
pneumonia is 6.2% or greater; how-
ever, data on the risk of Pneumocystis 
jiroveci pneumonia in GCA are lacking 
(13, 14).
The primary objectives of this study 
were to examine GCA treatment pat-
terns and to determine rates of serious 
infections and risk factors for serious 
infections in two real-world cohorts in 
the U.S. 

Methods
Study design and data source
Using claims data from two U.S. 
health insurance databases - Medicare 
(public, 2007-2017) linked with elec-
tronic health records (EHR), and Mar-
ketScan (commercial, 2015-2019) - we 
selected two cohorts of GCA patients 
identified via a validated claims-based 
algorithm requiring ≥2 diagnosis 
codes for GCA (ICD-9 446.5 or ICD-
10 M31.5, M31.6) plus dispensing of 
prednisone ≥40mg/day for ≥14 days 
within 14 days of the second diagnosis 
code (positive predictive value 79.0%) 
(15). We required age ≥50 years and 
selected patients with incident GCA by 
excluding those with at least one GCA 
diagnosis code in in the (-365, -31) 
days prior to index date (Fig. 1). The 
Medicare GCA cohort included Medi-
care enrolees who were treated at Part-
ners HealthCare, a medical network in 
Massachusetts that includes Brigham 
and Women’s Hospital, Massachusetts 
General Hospital, and affiliated com-
munity hospitals and primary care cen-
tres. The MarketScan GCA cohort was 
identified from a nationwide sample 
of patients aged ≥50 years with com-
mercial health insurance (16). The 
MarketScan database contains longi-
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tudinal health care information repre-
senting individuals enrolled in vari-
ous employer-sponsored commercial 
health plans across the United States. 
Both Medicare-EHR linked and Mar-
ketScan databases contain longitudinal 
health care information including hos-
pital admissions, emergency depart-
ment visits, outpatient visits, as well 
as pharmacy dispensing. 
Follow-up time started on the day after 
the second GCA diagnosis code (i.e. 
index date) and ended at the earliest of 
the following: end of cohort follow-up 
(12/31/2017 in Medicare; 9/7/2019 in 
MarketScan), insurance disenrolment, 
or death. We required at least 365 days 
continuous enrolment in the respective 
cohorts for covariate assessment. 

Outcomes
The primary outcome was a composite 
endpoint of serious infection, defined 
as bacterial or viral infection requir-
ing hospitalisation identified through 
primary ICD-9/10 codes from hospi-
tal encounters. Secondary outcomes 
included categories of serious infec-
tion that were not mutually exclusive: 
bacterial, pulmonary (including Pneu-
mocystis jiroveci pneumonia), urinary 
tract, and skin/soft tissue. Herpes zos-
ter infection identified through ambu-

latory and inpatient diagnosis codes 
was also considered a secondary out-
come regardless of whether hospitali-
sation was required, as in prior work 
(17). We also separately evaluated in-
cidence rates of Pneumocystis jiroveci 
pneumonia.

Covariates
Covariates were assessed during the 
365-day baseline period prior to and in-
cluding index date. We required one or 
more diagnosis codes during the base-
line period to define each comorbidity. 
A claims-based frailty index (CFI) was 
used to estimate the risk for adverse 
health outcomes and higher health 
care utilisation among older patients. 
The CFI can range from 0 to 1, with 
higher values indicating greater frailty. 
We categorised the CFI into robust 
(<0.15), prefrail (0.15–0.24), mildly 
frail (0.25–0.34), and moderately to 
severely frail (>0.34) (16, 18). A com-
bined comorbidity score was a single 
numerical score that combines 20 ele-
ments from the Charlson index and the 
Elixhauser system to summarise pa-
tients’ co-morbid conditions (19, 20). 
Healthcare utilisation was represented 
by the total number of ambulatory 
visits and number of hospitalisations. 
Temporal artery biopsy procedure 

codes were recorded from ambulatory 
and hospitalised encounters in the 30 
days around index date. We extracted 
dates of influenza, pneumococcal, and 
herpes zoster vaccine administration in 
the year prior to index date and during 
the year after index date. Prophylaxis 
against Pneumocystis jiroveci pneumo-
nia (trimethoprim-sulfamethoxazole, 
dapsone, or atovaquone) was assessed 
in the 30 days after index date. Filled 
prescriptions for glucocorticoids, intra-
venous or subcutaneous tocilizumab, 
and methotrexate were assessed in 30-
day blocks starting from 14 days before 
index date through end of follow-up. 
The first block was ± 14 days from the 
index date (29 days), and subsequent 
blocks were measured in 30 days. We 
calculated the mean daily glucocorti-
coid dose in prednisone equivalents 
(mg/day) and use of tocilizumab (yes/
no) in each 30-day block.

Statistical analysis
Baseline characteristics were summa-
rised using descriptive statistics. We 
estimated incidence rates (IR) and 95% 
confidence intervals (CI) for the pri-
mary and secondary outcomes in each 
cohort. We also estimated IR for the 
primary outcome in the first year af-
ter index date. We determined baseline 

Fig. 1. Study design 
diagram.
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covariates of interest a priori as risk 
factors for serious infection, including 
age, sex, calendar year of index date, 
combined comorbidity score, frailty 
score, cancer, hospitalisation, number 
of ambulatory visits, Pneumocystis 
jiroveci prophylaxis, vaccinations, and 
maximum daily glucocorticoid dose. 
A multivariable Cox proportional haz-
ards model estimated hazard ratios 
(HR) and 95% CI for these prespeci-
fied baseline risk factors for serious 
infection among GCA patients in each 
cohort. Because pneumococcal and 
herpes zoster vaccinations are not ad-
ministered annually, a sensitivity anal-
ysis excluded these two vaccinations 
during baseline. The Partners Health-
Care Institutional Review Board ap-
proved all aspects of this study and 
granted a waiver of patient consent 
(protocol no. 2019P001602). 

Results
We identified 734 GCA patients form-
ing the Medicare cohort (mean age 77.1 
(SD 7.4) years, 27.5% male, mean fol-
low-up 31 (SD 30) months) and 1022 
GCA patients forming the MarketScan 
cohort (mean age 68.4 (SD 10.9) years, 
29.8% male, mean follow-up 14 (SD 
11) months). Hypertension was the most 
frequent comorbidity (80.1% Medicare, 
72.2% MarketScan) followed by hyper-
lipidemia, cancer, coronary artery dis-
ease and diabetes (Table I). Ambulatory 
visits with a rheumatologist were more 
common in the Medicare cohort than 
in the MarketScan cohort. Temporal 
artery biopsy was performed in more 
than 80% of the Medicare cohort; ESR 
and CRP were also tested in more than 
80%. Advanced imaging modalities to 
evaluate for large-vessel vasculitis were 
infrequently ordered within 30 days of 
GCA index date in either cohort. 
All subjects received glucocorticoids 
with a prednisone equivalent dose 
≥40mg per day, according to the al-
gorithm for classifying GCA subjects. 
The initial dose of prednisone was 
≥60mg daily in 87.1% of Medicare and 
90.5% of MarketScan subjects. Figure 
2 illustrates the mean daily prednisone 
equivalent dose during each month of 
follow-up. In Medicare, the mean daily 
prednisone dose was <20mg daily with-

in 3 months after GCA index date; 209 
of 499 patients remaining in the dataset 
were taking no prednisone at 12 months 
(41.9%). At 24 months after index 
date, the mean prednisone was <5mg 
daily among those still in the dataset. 
Among 62 subjects with at least 7 years 

of follow-up, the pattern of glucocorti-
coid use was initial high-dose treatment 
with a taper in the first 1-2 years, fol-
lowed by a period of no or minimal glu-
cocorticoid use, followed by resuming 
low-dose prednisone around year 6.5. 
In MarketScan, the mean daily pred-

Table I. Characteristics of GCA cohorts.

		  Medicare cohort	 MarketScan cohort 
		  (n=734) 	 (n=1022)

Baseline demographics and comorbidities
Age		 77.1 (7.4)	 68.4 (10.9)
Male	 27.5	 29.8
Geographic region
	 Northeast	 88.2	 16.4
	 Midwest	 <2.0+	 18.5
	 South	 9.7	 25.6
	 West	 1.5	 11.4

Baseline comorbidities
	 Hypertension	 80.1	 72.2
	 Hyperlipidemia	 70.7	 61.4
	 Cancer	 38.3	 24.3
	 Coronary artery disease	 33.9	 25.4
	 Diabetes 	 34.6	 31.0
	 Stroke or TIA	 22.3	 24.3
	 Chronic kidney disease	 19.2	 13.0
	 Diverticulitis	 15.0	 12.9
	 Rheumatoid arthritis	 13.4	 11.3
	 Chronic liver disease	 7.8	 6.8
	 Herpes zoster	 2.7	 3.5

Claims-based frailty index category
	 Robust	 24.0	 34.0
	 Prefrail	 48.9	 52.6
	 Mildly frail	 21.7	 11.8
	 Moderately/severely frail	 5.4	 1.6
Combined comorbidity score	 2.9 (3.2)	 2.1 (2.6)
Number of hospitalisations	 0.7 (1.1)	 0.5 (0.8)
Number of rheumatology visits	 1.4 (2.2)	 0.8 (1.7)

GCA diagnostics within 30 days of index date
	 Temporal artery biopsy performed	 83.7	 79.7
	 ESR test ordered	 92.0	 62.3
	 CRP test ordered	 81.7	 54.6
	 CT angiogram ordered	 4.4	 5.5
	 MR angiogram ordered	 <2.0+	 1.0
	 PET-CT ordered	 1.5	 0.7

GCA-related treatments within 30 days of index date
	 Prednisone maximum dose ≥60mg daily*	 87.1	 90.5
	 Tocilizumab (intravenous or subcutaneous)	 <2.0+	 4.5
	 Methotrexate	 2.7	 4.4
	 Trimethoprim-sulfamethoxazole, atovaquone or dapsone	 13.2	 10.0

Vaccines in the year before index date
	 Influenza vaccine	 64.5	 27.7
	 Pneumococcal vaccine**	 28.3	 33.2
	 Herpes zoster vaccine**	 <2.0+	 1.7

Vaccines in the year after index date
	 Influenza vaccine	 56.0	 22.1
	 Pneumococcal vaccine**	 32.8	 27.0
	 Herpes zoster vaccine**	 <2.0+	 0.6

Presented as % or mean (standard deviation)
*All patients were prescribed prednisone ≥40mg daily
**Not an annually-administered vaccine
+ The Centers for Medicare and Medicaid prohibits reporting of data with cell size <11.
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nisone dose was <20mg daily within 
10 months after GCA index date; 294 
of 526 patients remaining in the dataset 
were taking no prednisone at 12 months 
(55.9%). Over half of GCA patients ta-
pered completely off prednisone by 15 
months in Medicare and 10 months in 
MarketScan cohorts.
Tocilizumab use was infrequent in both 
cohorts from index date throughout 
study follow-up. GCA index date oc-
curred during or after 2017 – the year 
of US FDA approval for tocilizumab 
for GCA treatment – for 16.5% of the 

Medicare cohort and 65.9% of the Mar-
ketScan cohort. Among subjects with 
index date during or after 2017, <4% 
of Medicare and 6.7% of MarketScan 
subjects used tocilizumab within 30 
days of index date; the frequency of to-
cilizumab use slightly increased during 
the first three months after index date 
but remained <10%. 
Use of influenza, pneumococcal, and 
herpes zoster vaccination differed be-
tween cohorts. Influenza vaccination 
in the year prior to GCA index date 
was more common in the Medicare 

(64.5%) than MarketScan (27.7%) co-
hort. In the year prior to index date, 
approximately 30% of patients in 
each cohort received a pneumococcal 
vaccine and <2% received a herpes 
zoster vaccine. Prescriptions filled 
for trimethoprim-sulfamethoxazole, 
atovaquone, or dapsone within 30 days 
of index date were uncommon in both 
cohorts (<15%). 
Table II presents crude incidence rates 
for serious infections and by category 
of serious infection. Serious infections 
occurred in 205 Medicare subjects dur-

Fig. 2. Patterns of glucocorticoid use in (A) Medicare and (B) MarketScan GCA cohorts.
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ing 1919 person-years (incidence rate 
per 100 person-years = 10.7, 95% CI 
9.3, 12.2), and in 74 MarketScan sub-
jects during 1173 person-years (inci-
dence rate per 100 person-years = 6.3, 
95% CI 5.0, 7.9). Bacterial infections 
were the most common type of serious 
infection (Medicare incidence rate per 
100 person-years = 6.6, 95% CI 5.6, 
7.7; MarketScan incidence rate per 100 
person-years = 4.8, 95% CI 3.7, 6.1). 
When evaluating serious infections 
only during the first year after index 
date, the incidence rate was 18.9 (95% 
CI 15.7, 22.7) per 100 person-years in 
Medicare and 8.2 (95% 6.3, 10.5) per 
100 person-years in MarketScan. Fig-
ure 3 presents cumulative incidence 
curves for serious infections and cat-
egories of infection. The incidence rate 
for Pneumocystis jiroveci pneumonia 
was 0.08 (95% CI 0.02, 0.27) per 100 
person-years in Medicare and 0.08 

(95% CI 0.01, 0.38) per 100 person-
years in MarketScan.
Multivariable Cox proportional haz-
ards models identified several factors 
associated with increased risk for seri-
ous infection in GCA subjects. Older 
age was associated with greater risk 
for serious infection in Medicare (HR 
1.03, 95% CI 1.01, 1.05) and MarketS-
can (HR 1.04, 95% CI 1.02, 1.06) in an 
adjusted model (Table III). Moderate/
severe frailty score was also an inde-
pendent risk factor in adjusted models, 
with two- to four-fold increased risk for 
infection. Results were similar in a sen-
sitivity analysis excluding herpes zos-
ter vaccination and pneumococcal vac-
cination in the year before index date. 

Discussion
Glucocorticoids were the most com-
mon treatment among >1700 patients 
with incident GCA enrolled in public 

or commercial health insurance plans 
in the U.S. Glucocorticoid dosing was 
characterised by initially high doses 
(prednisone ≥40mg/day) followed by 
tapering doses, with at least half of 
GCA patients tapered completely off 
prednisone by 15 months in Medicare 
and 10 months in MarketScan. Some 
patients resumed low-dose glucocorti-
coids following a period of no gluco-
corticoid use. Recurrent use of high-
dose glucocorticoids was infrequent 
after index date. Tocilizumab was initi-
ated by <10% of patients with a new 
diagnosis of GCA occurring between 
calendar years 2017 and 2019. 
Serious infections represent a substan-
tial problem in these GCA cohorts. 
Rates of serious infections (10.7 per 
100 person-years in Medicare; 6.3 per 
100 person-years in MarketScan) were 
similar to the rate of serious infections 
in a clinic-based cohort of 486 GCA 
patients (11.1 per 100 patient-years) 
and a cohort of 325 patients with 
ANCA-associated vasculitis (9.1 per 
100-person years), a systemic small-
vessel vasculitis that is associated with 
high morbidity and mortality (21, 22). 
Serious infection rates were highest in 
the first year after index date in GCA 
(18.9 per 100 person-years in Medi-
care), which was also comparable to 
the first year after ANCA-associated 
vasculitis diagnosis in a previous re-
port (22.1 per 100 person-years) (21). 
Previous studies of serious infection in 
GCA have also reported that risks are 

Table II. Crude serious infection rates in GCA cohorts.

	 Medicare cohort (n=734)	 MarketScan cohort (n=1022)

	 events/p-y	 IR (95% CI) 	 events/p-y	 IR (95% CI)
		  per 100 p-y		  per 100 p-y

Serious infection	 205/1919	 10.7 	 (9.3, 12.2)	 74/1173	 6.3 	 (5.0, 7.9)

Category of serious infection (not mutually exclusive)

Bacterial	 141/2143	 6.6 	 (5.6, 7.7)	 57/1193	 4.8 	 (3.7, 6.1)
Pulmonary	 81/2220	 3.6 	 (2.9, 4.5)	 20/1225	 1.6 	 (1.0, 2.5)
Herpes zoster	 66/2242	 2.9 	 (2.3, 3.7)	 37/1210	 3.1 	 (2.2, 4.2)
Urinary tract	 43/2311	 1.9 	 (1.4, 2.5)	 10/1237	 0.8 	 (0.4, 1.4)
Skin and soft tissue	 28/2315	 1.2 	 (0.8, 1.7)	 6/1239	 0.5 	 (0.2, 1.0)

IR: incidence rate; p-y: person-years.

Fig. 3. Cumulative incidence curves for serious infection and categories of serious infection in (A) Medicare and (B) MarketScan GCA cohorts. Categories 
of serious infection are not mutually exclusive.
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greatest in the first year after diagnosis, 
and have identified higher mean daily 
glucocorticoid dose – especially in the 
first six months – as a risk factor for 
serious infection (22-27). 
In the present study, older age was 
an independent risk factor for serious 
infection in GCA patients in adjusted 
Cox models, with a 3-4% increased risk 
for each additional year of age at GCA 
diagnosis. Maximum daily prednisone 
dose was not an independent risk fac-
tor, which is likely due to the small 
variability in maximum glucocorticoid 
dose; all patients were initially treated 
with high-dose glucocorticoids per the 
study definition of GCA. Prior studies 
that used MarketScan administrative 
claims data employed a different defi-
nition of GCA than the present study 
– for example, they did not require 
high-dose glucocorticoid prescription 
around index date – and adjusted for 
time-varying glucocorticoid dose after 
GCA index date; these studies identi-
fied cumulative glucocorticoid dose as 
a risk factor for serious infection (24, 
28). We did not adjust for glucocor-
ticoid dose after index date, as this is 
likely a mediator of the relationship be-
tween GCA and serious infection and 
therefore such adjustment is expected 
to attenuate the effect estimate. Future 
studies to evaluate the risk of infections 
related to the pace of glucocorticoid ta-
pering, and comparing infectious risks 

in GCA patients using glucocorticoid 
monotherapy versus glucocorticoids 
plus tocilizumab will clarify treatment-
related risk of infection. 
A number of differences between the 
two cohorts in the present study may 
explain the observed higher crude rate 
of serious infection in Medicare than 
MarketScan. The GCA patients in 
MarketScan were substantially young-
er (mean age 68.4) than those in the 
Medicare cohort (mean age 77.1). This 
is likely because Medicare enrolees are 
typically >65 years old, while Mar-
ketScan generally includes adults of 
all ages enrolled in commercial health 
plans though in the present study we re-
quired age ≥50. Correspondingly, mod-
erate/severe frailty was more common 
in the Medicare cohort (5.4%) than the 
MarketScan cohort (1.6%). Other met-
rics of worse health status, such as the 
combined comorbidity score and num-
ber of hospitalisations during baseline, 
were also more common in the Medi-
care cohort. While patients in the Medi-
care cohort more frequently tapered to 
prednisone <20 mg within the first 3 
months than patients in the MarketS-
can cohort – which might be expected 
to associate with lower infectious risk 
in the Medicare cohort – the MarketS-
can cohort tended to taper completely 
off prednisone (month 10) sooner than 
the Medicare cohort (month 15). We 
hypothesise that the above-mentioned 

factors contributed to the higher crude 
observed rate of serious infection in the 
Medicare cohort compared to the Mar-
ketScan cohort. The multivariable HRs 
demonstrate that most of the covariates 
that were imbalanced between the two 
cohorts produced similar effect esti-
mates. Moderate/severe frailty stands 
out as one factor that was potentially 
more influential in the MarketScan co-
hort, though the 95% confidence inter-
vals overlap.
Use of prophylaxis against Pneumo-
cystis jiroveci pneumonia was uncom-
mon in both cohorts (<15%). Notably, 
the incidence rate for Pneumocystis 
jiroveci pneumonia was low in both 
cohorts (approximately 0.08 per 100 
person-years). Several case series of 
Pneumocystis jiroveci pneumonia in 
GCA patients similarly suggested that 
this opportunistic infection is rare in 
GCA, and may be more common when 
GCA is treated with methotrexate in 
combination with glucocorticoids 
(22, 29, 30). The low incidence rate 
of Pneumocystis jiroveci pneumonia 
is notable seeing as prophylaxis with 
trimethoprim-sulfamethoxazole can 
cause adverse drug events including 
rash, renal dysfunction, and cytopenias 
(13). The number needed to treat to pre-
vent Pneumocystis jiroveci pneumonia 
among GCA patients is likely be higher 
than 19 and warrants future study.
Annual influenza vaccination rates 
were suboptimal in both cohorts: 64.5% 
in Medicare and 27.7% in MarketScan 
in the year before index date, though 
information on vaccination may have 
been missing if patients received im-
munisations without billing through 
insurance. Influenza vaccination rates 
were slightly lower in the year after 
GCA index date in each cohort, which 
is concerning given that patients were 
being treated with immunosuppressive 
medication for GCA. Pneumococcal 
vaccination rates were similar before 
and after GCA index date, and these are 
not administered on an annual schedule 
which makes comparison difficult. Use 
of herpes zoster vaccination was very 
infrequent in both cohorts both before 
and after GCA index date.
The limitations of this study include 
lack of access to laboratory, pathology, 

Table III. Multivariable-adjusted hazard ratios and 95% confidence intervals for risk of 
serious infection in GCA cohorts.

	 Medicare cohort	 MarketScan cohort

Age, years	 1.03 	(1.01, 1.05)	 1.04 	(1.02, 1.06)
Male sex	 1.20 	(0.87, 1.66)	 1.53 	(0.93, 2.51)
Combined comorbidity score	 1.04 	(0.98, 1.10)	 1.03 	(0.92, 1.14)

Claims-based frailty index category
Robust	 0.47 	(0.30, 0.75)	 0.52 	(0.27, 1.03)
Prefrail	 1.00 (ref)	 1.00 (ref)
Mildly frail	 1.37 	(0.95, 1.97)	 1.06 	(0.51, 2.17)
Moderately/severely frail	 2.51 	(1.38, 4.57)	 4.54 	(1.44, 14.29)
Cancer	 1.25 	(0.93, 1.69)	 1.02 	(0.59, 1.77)
Hospitalisation (yes/no)	 1.13 	(0.82, 1.57)	 0.99 	(0.58, 1.70)
Number of office visits	 1.00 	(0.99, 1.01)	 1.01 	(0.98, 1.03)
Influenza vaccination	 1.08 	(0.80, 1.46)	 1.04 	(0.51, 2.10)
Pneumococcal vaccination	 0.95 	(0.62, 1.45)	 0.91 	(0.46, 1.76)
Herpes zoster vaccination	 2.09 	(0.76, 5.72)	 n/a
Pneumocystis prophylaxis	 1.13 	(0.74, 1.72)	 1.28 	(0.60, 2.72)
Maximum daily prednisone equivalent, mg*	 1.35 	(0.93, 1.95)	 1.00 	(0.77, 1.30)

Model adjusted for all covariates in the table and calendar year of index date.
*log-transformed maximum daily prednisone equivalent.
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and imaging results. While we assessed 
the use and dose of glucocorticoids by 
filled pharmacy claims, we do not have 
data on actual intake of these medica-
tion. We were able to identify serious 
infections using inpatient and outpa-
tient claims data. Although we could 
not verify the diagnosis of GCA using 
medical record review or temporal ar-
tery biopsy data, we applied a validat-
ed claims-based algorithm with a high 
PPV of 79.0% for GCA (15). 

Conclusion
This study identifies increased risk of 
serious infection in GCA patients of 
similar magnitude to the risk in ANCA-
associated vasculitis. Glucocorticoid 
monotherapy remained the most com-
mon treatment for GCA from 2017-
2019 in these two large U.S. cohorts. 
Glucocorticoids were tapered off with-
in 10-15 months in the majority of pa-
tients. While recurrent use of low-dose 
glucocorticoids was common several 
years after the initial GCA diagnosis, 
recurrent use of high-dose glucocor-
ticoids was rare. Older age and higher 
frailty score were associated with high-
er risk of serious infections, though 
maximum daily prednisone dose was 
not. Pneumocystis jiroveci pneumonia 
was rare in two GCA cohorts despite in-
frequent use of prophylactic antibiotics. 

Key messages
•	 Older age and frailty significantly 

increased risk for serious infection 
in GCA patients.

•	 Serious infection rates in GCA were 
similar to rates in ANCA-associated 
vasculitis.

•	 Pneumocystis jiroveci pneumonia 
was rare in two GCA cohorts despite 
infrequent use of prophylactic anti-
biotics.
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