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Aims This study aimed to investigate the relationship between corticosteroid therapy and long-term outcomes in patients with
cardiac sarcoidosis, stratified by left ventricular ejection fraction (LVEF) at diagnosis.

Methods This study conducted a post hoc analysis of the ILLUstration of the Management and prognosls of JapaNese PATiEnts with

and results Cardiac Sarcoidosis, a retrospective multicentre registry. Cardiac sarcoidosis was diagnosed based on the 2016 Japanese
Circulation Society and 2014 Heart Rhythm Society criteria. The primary endpoint was a composite of all-cause death, hos-
pitalization for heart failure, and fatal ventricular arrhythmia events. Patients were divided into three groups based on LVEF:
preserved LVEF (>50%, n = 251), moderately impaired LVEF (LVEF, 35-49%; n = 149), and severely impaired LVEF (<35%,
n=99). Among 499 patients with cardiac sarcoidosis (mean age: 61.6 + 11.4 years, male: 36.1%), 419 (84.0%) were treated
with corticosteroids after diagnosis. During a median follow-up of 33.7 months (interquartile range, 16.8-62.7 months), 144
primary endpoints (28.9%) occurred. Corticosteroid therapy was associated with better prognosis when assessed in terms
of primary endpoint in the entire cohort [hazard ratio (HR) 0.61, 95% confidence interval (Cl) 0.41-0.89, P = 0.010]. When
stratified by LVEF, corticosteroid therapy was significantly associated with a lower incidence of primary endpoints in the
preserved LVEF group (HR, 0.30; 95% ClI, 0.15-0.57, P < 0.001), but not in the moderately and severely impaired LVEF
groups. This association remained robust, even after adjusting for confounders.

Conclusion In this large cohort of cardiac sarcoidosis, corticosteroid therapy was associated with a lower incidence of long-term out-
comes only in patients with preserved LVEF at diagnosis.
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Corticosteroids are associated with a lower incidence
of primary endpoints in the preserved LV function
group, even after adjusting for confounders

Among patients with CS, only those with preserved

LVEF responded to corticosteroid therapy

Cl, confidence interval; HF, heart failure; HR, hazard ratio; ILLUMINATE-CS, ILLUstration of the Management and prognosls of JapaNese pATiEnts with
Cardiac Sarcoidosis; LV, left ventricular; LVEF, left ventricular ejection fraction.

Keywords

Introduction

Sarcoidosis is a multisystem inflammatory disorder characterized
by non-caseating granulomas in multiple tissues and organs. Cardiac
involvement in sarcoidosis plays a pivotal role as a prognostic factor,
affecting ~5% of patients with sarcoidosis." The primary clinical pre-
sentations of cardiac sarcoidosis are conduction abnormalities, ven-
tricular arrhythmias including sudden death, and heart failure (HF).
Corticosteroids are used as the first-line treatment for cardiac sarcoid-
osis to attenuate inflammation, with the goal of preventing fibrosis and
cardiac dysfunction and reducing ventricular arrhythmias burden.>™
However, the efficacy and significance of corticosteroid therapy in car-
diac sarcoidosis remain unclear.>®

As cardiac sarcoidosis is an inflammatory disease, persistent inflam-
mation is assumed to contribute to left ventricular (LV) dysfunction
and disease progression.”® The administration of corticosteroids before
the onset of LV dysfunction may control inflammation, prevent the de-
velopment of LV dysfunction, and improve prognosis. However, data on
the relationship between corticosteroid administration and long-term

Cardiac sarcoidosis ® Corticosteroid ® Left ventricular ejection fraction ® Prognosis

outcomes according to the LV function at diagnosis are scarce. In par-
ticular, most studies have not included corticosteroid-naive patients; if
they did, the numbers were limited.?

In this study, we evaluated whether corticosteroid therapy affected the
prognosis of patients with cardiac sarcoidosis-stratified LV function. To
this end, using one of the largest cohorts of cardiac sarcoidosis reported
to date, the ILLUstration of the Management and prognosls of JapaNese
PATIEnts with Cardiac Sarcoidosis (ILLUMINATE-CS), which included a
substantial number of corticosteroid-naive patients, we investigated the
long-term prognosis of patients treated with and without corticosteroids
in each group stratified by LV ejection fraction (LVEF), which is recognized
as a useful indicator of LV function in cardiac sarcoidosis.” ™"

Methods

Study design
This was a post hoc analysis of the ILLUMINATE-CS study and its detailed
design has been previously described.? Briefly, the ILLUMINATE-CS is a
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multicentre retrospective registry used to evaluate the clinical characteris-
tics and outcomes of patients with cardiac sarcoidosis. Patients with cardiac
sarcoidosis who were first diagnosed between 2001 and 2017 at 33 hospi-
tals in Japan enroled in the registry. cardiac sarcoidosis was defined based on
the criteria outlined in the Heart Rhythm Society (HRS) consensus state-
ment or the Japanese Circulation Society (JCS) guidelines.">' The ethics
committee of each participating study site approved the study protocol.
This study was conducted in accordance with the Declaration of Helsinki
and the Japanese Ethical Guidelines for Medical and Health Research
Involving Human Subjects. All participants were notified of their enrolment
in the ILLUMINATE-CS study and informed that they would be free to opt-
out anytime.

Data collection of clinical variables and
outcomes

Baseline characteristics, including clinical comorbidities, blood test data, and
cardiovascular imaging findings, were obtained during the initial cardiac sar-
coidosis diagnostic process. In this study, the corticosteroid therapy group
included patients who received corticosteroids at any time prior to the first
occurrence of the primary endpoint. Patients who did not receive corticos-
teroids prior to the occurrence of the primary endpoint or who started
corticosteroid therapy only after the primary endpoint had already oc-
curred were classified into the no corticosteroid group. This approach
was applied to other immunosuppressive agent groups. Corticosteroid
therapy was typically initiated in cases of severe ventricular arrhythmia,
such as atrioventricular (AV) block and ventricular tachycardia, local wall
motion abnormalities, or decreased cardiac function. The decision to initi-
ate therapy was at the discretion of the attending physician and was
guided by the presence of inflammation or other clinical risk factors.
Corticosteroid therapy was typically avoided in patients with known
contraindications, including systemic infections, uncontrolled diabetes,
and severe cardiovascular conditions. The echocardiographic findings at
baseline and during the follow-up period were collected from both groups.
Echocardiography performed closest to and before the diagnosis of cardiac
sarcoidosis was used as the baseline echocardiogram, whereas the last
echocardiography performed within 15 years after diagnosis during the
follow-up period was considered the final follow-up echocardiographic re-
sult. In the corticosteroid-treated group, an echocardiogram obtained after
the maintenance phase of immunosuppressive therapy (defined as three or
more repeated administrations of corticosteroids at the same dose) within
15 years after diagnosis was used as the final follow-up echocardiogram. Left
ventricular ejection fraction was determined using the modified Simpson
method. All outcomes were obtained from medical records, direct contact,
or telephone interviews with the referring physician at the study site. The
primary endpoint was a composite of all-cause death, hospitalization for
HF, and fatal ventricular arrhythmia events. Fatal ventricular arrhythmia
events were defined as a combination of sudden cardiac death and docu-
mented ventricular fibrillation, sustained ventricular tachycardia lasting
>30's, or appropriate implantable cardioverter-defibrillator therapy. The
causes of death, including sudden cardiac death and HF hospitalization,
were defined according to the definitions recently proposed by the Heart
Failure Collaboratory and Academic Research Consortium.”

To evaluate the association between corticosteroid therapy and
outcomes based on LV function, patients were divided into three LV func-
tion groups based on LVEF at diagnosis: preserved LVEF (LVEF > 50%),
moderately imPaired LVEF (LVEF, 35-49%), and severely impaired LVEF
(LVEF < 35%).'°

Statistical analysis

Categorical variables are presented as numbers (percentages), and continu-
ous variables are shown as the mean =+ standard deviation for normally dis-
tributed variables or as the median [interquartile range (IQR)] for
non-normally distributed variables. Student’s t-test or the Mann—Whitney
U-test for continuous variables, and chi-squared or Fisher’s exact test for
categorical variables, were used for comparisons between groups, as appro-
priate. Statistical significance was defined as a two-sided P-value of <0.05.
Cox regression analysis was used to assess potential variables associated
with the endpoint. Since the time interval between diagnosis and introduc-
tion of corticosteroids varied among corticosteroid-treated patients, we

analysed corticosteroid therapy as a time-varying covariate to avoid
immortal time bias. In this analysis, all patients were initially considered
corticosteroid-unexposed until corticosteroid initiation. We also plotted
the cumulative incidence of events using Simon and Makuch’s method, which
modified the Kaplan—Meier survival curves to account for time-varying
exposures.'® The P-value for interaction was calculated to assess the hetero-
geneity in the treatment effect for the primary endpoint across LVEF sub-
groups using an interaction analysis. We included an interaction term
between the LVEF subgroups and corticosteroid therapy in a Cox propor-
tional hazards regression model. Cox proportional hazards regression was
used to evaluate differences in the cumulative incidence curves. The associ-
ation between corticosteroid therapy and primary outcomes was evaluated
using multivariate Cox proportional hazards regression analysis, adjusted for
age, sex, and pertinent covariates. Covariates for the multivariate analysis
were selected based on factors known to significantly impact the prognosis
of cardiac sarcoidosis and the effectiveness of corticosteroid therapy.>'*"”
The covariates included age, sex, the severity of HF, LV function, the pres-
ence of arrhythmias, markers of myocardial inflammation, and interventions
after diagnosis. Device implantation and ventricular tachycardia ablation
were treated as time-varying covariates. Additionally, the sensitivity analysis
was conducted using factors that were significantly associated with the pri-
mary endpoint in previous studies from the same cohort.'? The factors in-
cluded the log-transformed B-type natriuretic peptide (BNP) level, LVEF, a
history of sustained ventricular tachycardia or ventricular fibrillation, and
ablation for ventricular tachycardia after diagnosis. Univariate Fine-Gray
competing-risks regression models were used to assess the effects of corti-
costeroids on fatal ventricular arrhythmia events and HF hospitalization,
considering death as a competing event. Proportional hazard assumption
violations were evaluated by visually inspecting complementary log—log plots
and Schoenfeld residuals. Paired t-tests were used to compare the LVEF
at the final follow-up with that at baseline. Changes in LVEF with and
without corticosteroid therapy were evaluated using analysis of covariance
(ANCOVA), adjusting for the time interval between baseline and final
follow-up echocardiography and LVEF at diagnosis. VWe used multiple imputa-
tions to address the missing data. Incomplete variables were imputed under a
fully conditional specification using chained equations under the assumption of
missing data at random. We created and analysed 1000 multiply imputed da-
tasets using the ‘mice’ package version 3.14.0 in R (https:/www.r-project.org/)
and combined the parameter estimates using Rubin’s rules. All statistical
analyses were performed using EZR version 1.60 (https:/www.jichi.ac.jp/
saitama-sct/SaitamaHP files/statmedEN.html) and R version 4.2.0.

Results

Characteristics of the patient

Of the 512 patients initially enroled in the ILLUMINATE-CS, 13 were
excluded because of missing baseline LVEF data, leaving a final cohort
of 499 patients for analysis. Among this cohort, 419 individuals
(84.0%) underwent corticosteroid therapy, with an average initial dos-
age of 30.3 + 5.4 mg/day and a maintenance dosage of 6.9 & 3.5 mg/day.
Supplementary material online, Figure ST shows the time distribution
from diagnosis to corticosteroid initiation. The median interval be-
tween diagnosis and initiation of corticosteroids was 21 days (IQR:
4-46 days), and 62.1% of patients received corticosteroids within 30
days of cardiac sarcoidosis diagnosis. While 19 patients (3.8%) received
a regimen of corticosteroids combined with other immunosuppressive
agents, none of them received other immunosuppressive agents with-
out also receiving corticosteroids. Among the 435 patients for whom
the date of echocardiography was available, 431 (99.1%) underwent
echocardiography within 12 months prior to diagnosis.

The baseline characteristics of the patients with and without
corticosteroid use are summarized in Table 1. Patients receiving cor-
ticosteroids show a high proportion of myocardial uptake on 18F-
fluorodeoxyglucose positron emission tomography (FDG-PET) scans.

Supplementary material online, Table ST shows the baseline charac-
teristics categorised based on LV function at diagnosis. The three LV
function groups found no significant differences in the initial and
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Table 1 Clinical characteristics of the study population with and without corticosteroids

Overall (n = 499)

No corticosteroids

Corticosteroids

(n=419)

P-value®

Age (years)
Male sex, n (%)
NYHA I/, n (%)
Medical history
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidaemia, n (%)
Coronary artery disease, n (%)
HF admission, n (%)
Ventricular tachycardia or ventricular fibrillation, n (%)
Non-sustained ventricular tachycardia, n (%)
High-degree AV block, n (%)
Atrial fibrillation, n (%)
Laboratory parameters
Creatinine (mg/dL)
eGFR (mL/min/1.73 m?)
BNP (pg/mL)
Echocardiographic parameters
LVEF (%)
LVDD (mm)
67Ga scintigraphy
Patients underwent 67Ga scintigraphy, n (%)
67Ga uptake in patients undergoing 67Ga scintigraphy, n (%)
CMR
Patients who underwent CMR, n (%)
LGE-positive in patients undergoing CMR, n (%)
FDG-PET
Patients who underwent FDG-PET, n (%)
FDG uptake in patients undergoing FDG-PET, n (%)
Isolated cardiac sarcoidosis
Histological, n (%)
Clinical, n (%)
Histological/clinical, n (%)
Concomitant medications
ACEi/ARB, n (%)
Beta-blocker, n (%)
MRA, n (%)
Amiodarone, n (%)
Device implantation
Pacemaker/CRT-P, n (%)
ICD/CRT-D, n (%)
Other immunosuppressive agents (before a primary endpoint)
Methotrexate, n (%)
Cyclosporine, n (%)
Cyclophosphamide, n (%)
Azathioprine, n (%)

61.6+11.4
180 (36.1)
61 (12.8)

177 (37.3)
129 (27.3)
75 (16)
24 (5.1)
98 (20.5)
74 (15.6)
103 (22.1)
210 (43.8)
47 (100)

0.78 [0.66-0.96]
64.1 [52.9-76.3]
123 [53-321]

50 [37-61]
52 [46-59]

256 (51.3)
95 (37.0)

308 (61.7)
279 (91.8)

341 (68.3)
321 (95.0)

23 (4.6)
87 (19.4)
120 (24.0)

249 (50.6)
200 (40.7)
92 (189)
50 (10.2)

136 (27.9)
54 (113)

15 (3.0)
1(02)
1(02)
2 (04)

628+ 140
34 (42.5)
12 (16.4)

30 (41.7)
21 (29.6)
13 (18.1)
7 (9.6)
17 (23.3)
13 (18.1)
14 (20)
30 (41.7)
10 (14.1)

0.80 [0.66-1.07]
59.1 [48.9-71.3]
107 [57-480]

49 [36-61]
52 [46-59]

42 (52.5)
11 (26.8)

53 (66.3)
48 (88.9)

51 (63.8)
42 (84.0)

4(5.0)
15 (18.8)
19 (238)

45 (58.4)
37 (48.1)
15 (19.7)
11 (14.3)

21 (26.9)
10 (132)

0(0)
00
00
0(0)

61.3+108
146 (34.8)
49 (122)

147 (36.5)
108 (26.9)
62 (15.6)
17 (42)
81 (20)
61 (15.1)
89 (22.4)
180 (44.2)
37 (9.3)

0.78 [0.66-0.95]
65.3 [53.7-76.8]
124 [52-320]

50 [38-61]
52 [46-59]

214 (51.1)
84 (38.9)

255 (60.9)
231 (92.4)

290 (69.2)
279 (96.9)

19 (4.5)
82 (19.6)
101 (24.1)

204 (49.2)

163 (39.4)
77 (18.7)
39 (9.5)

115 (28.0)
44 (11.0)

15 (3.6)
1(02)
1(02)
2 (0.5)

0.402
0.636
0.597
0.054
0.515
0.529
0.653
0.687
0.216

0.354
0.357
0.790

0.360
0.952

0.815
0.143

0.363
0.394

0.336
<0.001

0.857
0.865
0.946

0.135
0.155
0.838
0.203

0.839
0.587

0.145
1.000
1.000
1.000

Data are presented as median (IQR) or mean =+ standard deviation for continuous variables, and as n (%) for categorical variables.
ACEIi/ARB, angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker; AV, atrioventricular; BNP, B-type natriuretic peptide; CMR, cardiac magnetic resonance imaging;
CRT-P, cardiac resynchronization therapy pacemaker; eGFR, estimated glomerular filtration rate; FDG-PET, 18F-fluorodeoxyglucose positron emission tomography; HF, heart failure;
ICD/CRT-D, implantable cardioverter defibrillator/cardiac resynchronization therapy defibrillator; LAD, left atrial diameter; LGE, late gadolinium enhancement; LVDD, left ventricular
end-diastolic diameter; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; MRA, mineralocorticoid receptor antagonist.
*The P-value refers to the comparison between patients treated with corticosteroids and those not treated with corticosteroids.
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maintenance corticosteroid dosages or time intervals from diagnosis to
corticosteroid initiation; all these were similar when using other im-
munosuppressive agents. The prevalence of isolated cardiac sarcoidosis
was higher in the moderately and severely impaired LV function groups
than in the preserved LV function group. Patients with severely im-
paired LV function had a history of HF hospitalization, ventricular tachy-
cardia or ventricular fibrillation, non-sustained ventricular tachycardia,
severe HF symptoms, elevated BNP levels, and renal dysfunction.
They were administered angiotensin-converting enzyme inhibitor or
angiotensin |l receptor blocker (ACEi/ARBs), beta-adrenergic receptor
blockers, mineralocorticoid receptor antagonist (MRAs), and amiodar-
one. Additionally, the prevalence of implantable cardioverter defibrilla-
tors or cardiac resynchronization therapy defibrillators was higher in
these patients.

Supplementary material online, Table S2 outlines the characteristics
of patients with preserved LVEF, comparing those who received cor-
ticosteroid therapy with those who did not. In the preserved LVEF
group, patients who underwent corticosteroid therapy showed a high-
er prevalence of positive FDG-PET and gallium scintigraphy findings.

Prognosis of cardiac sarcoidosis patients
with or without corticosteroid therapy

During a median follow-up of 33.7 months (IQR: 16.8—-62.7 months),
144 (28.9%) primary endpoints were observed (47 all-cause mortal-
ities, 97 fatal ventricular arrhythmia events, and 54 HF-related
hospitalizations).

In the entire cohort, corticosteroid therapy was associated with better
prognosis assessed as the primary endpoint [hazard ratio (HR) 0.61, 95%
confidence interval (Cl) 0.41-0.89, P = 0.010] (Figure 1). Figure 2 shows the
cumulative incidence curves illustrating the relationship between cortico-
steroid therapy and the occurrence of the primary endpoint in the three
LV function groups. The curves show that corticosteroid therapy was sig-
nificantly associated with a lower incidence of the primary endpoint in the
preserved LVEF group (HR, 0.30; 95% Cl, 0.15-0.57, P < 0.001). In con-
trast, this association was not observed in the remaining two impaired
LVEF groups (HR, 0.79; 95% Cl, 0.41-1.53, P=0.489, and HR, 1.01; 95%
Cl, 0.47-2.16, P =0.975, respectively). Supplementary material online,

Table S3 shows the relationship between corticosteroid therapy and clin-
ical endpoints in each LVEF group based on univariate Cox regression ana-
lysis. Corticosteroid administration was associated with improvements in
the entire cohort’s primary endpoint and hospitalization for HF. When di-
vided by LVEF at diagnosis, corticosteroid therapy was associated with a
decreased incidence of all-cause mortality, fatal ventricular arrhythmia
events, and HF hospitalization (HR 0.16, 95% Cl 0.03-0.71, P =10.016;
HR 0.42, 95% CI 0.2-0.9, P=10.026; and HR 0.17, 95% Cl 0.06-0.47,
P < 0.001, respectively) only in the preserved LVEF group, with similar
associations observed for primary endpoint. However, no association
has been observed in patients with moderately or severely impaired
LV function. The associations established between the primary endpoint
and corticosteroid use remained robust in the multivariate analysis, even
after adjusting for previously reported prognostic factors related to
HF severity, cardiac function, arrhythmia, post-diagnosis intervention,
and evidence of myocardial inflammation (Table 2). Additionally, a fur-
ther sensitivity analysis was conducted using factors that were signifi-
cantly associated with the primary endpoint in previous studies from
the same cohort. This analysis demonstrated that corticosteroid ther-
apy was significantly associated with a reduced risk of the primary end-
point in the preserved LV function group (HR 0.19, 95% CI 0.07-0.49,
P < 0.001).

The interaction analysis revealed a significant interaction between
corticosteroid therapy and LVEF subgroups (P = 0.028).

Effect of corticosteroid therapy on left
ventricular function

Table 3 displays changes in LVEF from baseline to final follow-up, with
patients grouped based on corticosteroid therapy and baseline LV func-
tion. While LVEF decreased significantly in patients with preserved
LVEF, an elevation in LVEF was observed in patients with moderately
or severely impaired LVEF, irrespective of the administration of corti-
costeroids. Subsequent ANCOVA analysis showed that corticosteroid
therapy tended to mitigate LVEF reduction in patients with preserved
LVEF, while it did not affect LVEF changes in patients with moderately
impaired LVEF. Interestingly, in patients with severely impaired LVEF,
corticosteroid therapy tended to hinder LVEF improvement.
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£ 75% A
0]
Q
=
3
K] 50% -
£
2
< 25%
£ HR 0.61, 95%CI 0.41-0.89,
o p=0.010
0% +
0 3 6 9 12 15
Time (years)
No. at risk
No Corticosteroids 449 BF 14 3 3
Corticosteroids 50 193 88 36 12

Figure 1 Cumulative incidence curves for primary endpoint in patients with and without corticosteroid therapy in entire cohort. Corticosteroids
showed significant association with better prognosis in terms of primary endpoint in entire cohort. Cl, confidence interval; HR, hazard ratio.
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i
Q
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2
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E HR 0.30, 95%CI 0.15-0.57,
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0 3 6 9 12 15
Time (years)
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No corticosteroids 218 19 6 0 0 0
corticosteroids 33 a3 49 22 9 0
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Time (years) Time (years)
No. at risk No. at risk
No corticosteroids 139 8 5] 2 2 0 No corticosteroids 92 10 3 1 1 0
corticosteroids 10 48 26 9 1 0 corticosteroids 7 34 13 5 2 0

Figure 2 Cumulative incidence curves for primary endpoint in patients with and without corticosteroid therapy stratified by left ventricular ejection
fraction at diagnosis. Patients were divided into three subgroups based on left ventricular ejection fraction at diagnosis for analysis; (A) Preserved left
ventricular ejection fraction (left ventricular ejection fraction> 50%), (B) Moderately impaired left ventricular ejection fraction (left ventricular ejection
fraction 35—49%), (C) Severely impaired left ventricular ejection fraction (left ventricular ejection fraction < 35%). Cl, confidence interval; HR, hazard

ratio; LVEF, left ventricular ejection fraction.

Discussion

This study investigated the effects of corticosteroid therapy in patients
with cardiac sarcoidosis stratified according to LV function at the time
of diagnosis. The post hoc analysis of the ILLUMINATE-CS yielded three
main findings. First, when categorized by LV function, corticosteroid
therapy was associated with lower incidence of long-term prognosis
only in patients with preserved LV function. Second, corticosteroid
therapy related to a beneficial trend in changes in LV function only in
patients with cardiac sarcoidosis who had preserved LV function.
Finally, we first described the natural course of LVEF in patients with
cardiac sarcoidosis who were not treated with corticosteroids. These
data suggest that corticosteroid therapy might be more beneficial in pa-
tients with cardiac sarcoidosis and preserved LVEF than in those with
impaired LVEF. Our findings provide novel insights into corticosteroid
therapy, suggesting the importance of corticosteroid initiation in the
early stages of cardiac sarcoidosis.

Corticosteroid therapy in patients with
cardiac sarcoidosis in Japan

In our study, more than four-fifths of the patients received corticoster-
oid treatment. The proportion of patients who received corticosteroids
and the initial and maintenance doses of corticosteroids in this study

were consistent with those described in earlier studies conducted in
Japan."""® The administered corticosteroid dose was closely aligned
with the initial dose of 30 mg/day (0.5 mg/kg), and the maintenance
dose ranged from 5 to 10 mg/day, as recommended by the JCS." As
shown in previous studies, patients treated with corticosteroids had a
higher proportion of myocardial inflammation than those who were
not.'® These results may reflect that, in routine clinical practice, corti-
costeroids were initiated after confirmation of myocardial inflammation,
as recommended by the HRS consensus statement.'® The time from
diagnosis to corticosteroid initiation was ~3 weeks in our study.
While data on the optimal timing of initiation are limited, Padala et al."® re-
ported that corticosteroids were initiated within 30 days in 77% of patients
with cardiac sarcoidosis, underscoring the importance of early initiation. In
our study, the proportion of patients who received corticosteroids within
30 days of diagnosis was slightly lower than that reported previously, sug-
gesting that treatment was initiated sufficiently early.

Impact of corticosteroid therapy on
long-term prognosis

Since cardiac sarcoidosis is an inflammatory disease, corticosteroid
therapy can plausibly improve the prognosis; however, the data are
too limited to draw conclusions. A previous study showed that patients
with corticosteroids had a higher survival rate than those without
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Table 2 Association between corticosteroids and
primary endpoint in patients with preserved left
ventricular function (multivariate analysis)

HR (95% CI) P-value
Unadjusted 0.30 (0.15-0.57) <0.001
Model 1 0.31 (0.16-0.60) <0.001
Model 2 0.24 (0.10-0.59) 0.002
Model 3 0.32 (0.16-0.63) 0.001
Model 4 0.32 (0.15-0.68) 0.003
Model 5 0.22 (0.10-0.46) <0.001
Model 6 0.17 (0.03-0.91) 0.038

Model 1: Adjusted for age and sex.

Model 2: Model 1 + severity of heart failure [NYHA functional Class (Ill or IV) and log
BNP].

Model 3: Model 1 + left ventricular function variables (LVEF and LVDD).

Model 4: Model 1+ arrhythmia (ventricular tachycardia or ventricular fibrillation,
non-sustained ventricular tachycardia and atrial fibrillation).

Model 5: Model 1+ intervention after diagnosis (device implantation and ventricular
tachycardia ablation as time-varying covariates).

Model 6: Model 1 + myocardial inflammation (Uptake of 67Ga and 18F-FDG uptake).
BNP, B-type natriuretic peptide; FDG-PET, 18F-fluorodeoxyglucose positron emission
tomography; LVDD, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; NYHA, New York Heart Association.

treatment, although the untreated group of patients was an autopsy
series.” A more recent study compared 67 corticosteroid-treated pa-
tients with 16 untreated patients.18 The authors found an association
between corticosteroid therapy and improved prognosis in a compos-
ite endpoint, including all-cause mortality, HF-related hospitalization,
and symptomatic arrhythmias, but not all-cause mortality or symptom-
atic arrhythmias. The results for the entire cohort were consistent with
these findings. When stratified by LVEF, we found an association be-
tween corticosteroid therapy and long-term prognosis for all pre-
specified endpoints in patients with preserved LVEF, however, no
such association was found in patients with moderately or severely im-
paired LVEF. There are two main possibilities for why corticosteroid
therapy was not effective in patients with low LVEF. First, there is a pos-
sibility that other conditions were unexpectedly included. The patients
with impaired LV function had a higher prevalence of isolated cardiac
sarcoidosis. It is possible that some patients clinically diagnosed with
isolated cardiac sarcoidosis actually had other underlying conditions,
such as lymphocytic myocarditis, giant cell myocarditis, or dilated car-
diomyopathy, which may not respond to corticosteroids in the same
way as sarcoidosis."**° Secondly, in patients with low LVEF, the myo-
cardium may have already undergone extensive fibrosis due to pro-
longed inflammation, leaving little viable myocardium to respond to
therapy. In such cases, the predominant pathology is irreversible scar-
ring, and corticosteroids are unlikely to improve cardiac function. On
the other hand, in a study by Kato et al." examining the prognosis
with and without corticosteroids in 20 patients with AV block and pre-
served LV function, there were no deaths in the corticosteroid-treated
group; however, 2 of 13 patients in the non-treated group died.
Additionally, the corticosteroid-treated group exhibited a higher AV
block recovery rate and fewer ventricular tachycardia occurrences
than the non-treated group. These results support our finding of a fa-
vourable response to corticosteroid therapy in patients with cardiac sar-
coidosis and preserved LVEF. A limitation of previous studies is that many
did not include patients who did not take corticosteroids, and even if they
were included, the number of patients was too small. The present study
was larger and included a relatively large number of steroid-naive patients.
Our results reinforce and extend the findings of earlier studies.

Effect of corticosteroid therapy on left
ventricular function

The effect of corticosteroid therapy on LV function remains unclear.
Several studies have investigated the changes in LVEF in patients receiving
corticosteroid treatment. A recent study focusing on the effect of corti-
costeroids on LV function in cardiac sarcoidosis reported that LVEF was
maintained in corticosteroid-treated patients with LVEF of >50%.%>

A systematic review involving 194 corticosteroid-treated patients in
9 studies reported no significant change in LVEF in patients with normal
LV function at baseline. Our study comprising 221 cardiac sarcoidosis
patients with preserved LVEF treated relatively uniformly compared
with a systematic review showed a significant reduction in LVEF, even
after corticosteroid administration.?

The effect of corticosteroid therapy on cardiac function in patients
with moderately and severely impaired LV function has been contro-
versial.> One study from Japan reported an enhancement in LVEF in pa-
tients with cardiac sarcoidosis and initially moderate LV dysfunction.??
Additionally, a Finnish nationwide study revealed LVEF improvement
from 27.9 +4.1% to 34.1 £ 8.3% in the 22 corticosteroid-treated pa-
tients with severely impaired LV function."® Similarly, we found a signifi-
cant improvement in LVEF in corticosteroid-treated patients with
moderately and severely impaired LV function.

Most previous studies did not include corticosteroid-untreated pa-
tients, so the natural course of LVEF changes remains unclear. One study
reported LVEF decline in 13 patients without corticosteroids despite ini-
tially exhibiting normal LVEF.>" Similarly, our study found a significant LVEF
reduction in patients with preserved baseline LVEF without corticoster-
oids. Importantly, compared with the non-treatment group, LVEF decline
tended to be attenuated in the treatment group. For moderate LVEF im-
pairment, Nagai et al.>"® reported a decrease in LVEF from 32.5 to 18.5%
in corticosteroid-treated patients. Conversely, our study showed signifi-
cant LVEF improvement in patients despite corticosteroid absence, while
the corticosteroid administration did not affect the change in LVEF. No
study has investigated the natural LVEF trajectory changes in patients
with cardiac sarcoidosis and severely impaired LVEF at baseline. Our re-
sults indicate that the LVEF increased even when patients were not trea-
ted with corticosteroids. Interestingly, improvement in LV function
tended to be greater in patients not taking corticosteroids than in those
taking corticosteroids. As previously mentioned, isolated cardiac sarcoid-
osis was more frequently observed in patients with reduced LVEF, and it is
possible that these cases included conditions resembling dilated cardiomy-
opathy. In this study, patients with impaired LV function had a higher rate
of standard HF medication use compared with those with preserved
LVEF. Supplementary material online, Table $4 shows that while the util-
ization of standard HF therapies, including ACEi/ARBs, beta-blockers, and
MRAs, was higher in patients with LVEF < 50%, there were no significant
differences in the use of these medications between those treated with
corticosteroids and those who were not. This suggests that the observed
improvement in LV function in patients with impaired LVEF is likely driven
by the HF therapies themselves, rather than corticosteroid treatment.
Consequently, standard therapies for HF, such as beta-blockers and re-
nin—angiotensin system inhibitors, may have contributed to the reversal
of LV remodelling in cardiac sarcoidosis patients with impaired LVEF.

Clinical implications
Corticosteroids have widely recognized adverse effects, particularly
with long-term use, such as infections, diabetes, weight gain, and osteo-
|30rosis.18’24 Therefore, unnecessary administration should be avoided
with optimal intentions. Our results suggest that avoiding corticoster-
oid administration in patients with a less favourable LVEF spectrum
can reduce side effects.

Previous studies have emphasized the importance of initiating corticos-
teroids early in patients with cardiac sarcoidosis, prior to the development
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Table 3 Change in LVEF from diagnosis to final follow-up

Initial LVEF Corticosteroid n
therapy

Preserved (LVEF > 50%) No corticosteroids 30
Corticosteroids 221

Moderately impaired (LVEF 35—49%) No corticosteroids 14
Corticosteroids 135

Severely impaired (LVEF < 35%) No corticosteroids 16
Corticosteroids 83

LVEF at LVEF at final Effect of corticosteroids
diagnosis follow-up B S
Paired ANCOVA
t-test
P-value Estimate P-value
625+77 556 +125 0.009 3.806 0.090
620+79 59.0+10.0 <0.001
420+40 428 +10.5 0.011 1.541 0.670
419+43 440+ 115 0.042
27.3+49 41.1+157 0.011 -7.141 0.070
258 +64 33.2+122 <0.001

Data are mean + SD. LVEF, left ventricular ejection fraction; ANCOVA, analysis of covariance.
The LVEF at final follow-up was missing for 52 out of 499 patients (10.4%), and the time interval between baseline and final follow-up echocardiography was missing for 105 out of 499

patients (21.0%). Missing data were handled using multiple imputations.

of myocardial scarring and LVEF reduction.®"® Supplementary material
online, Figure S2 illustrates the cumulative incidence curves of the six
groups subdivided by the combination of corticosteroids and LV function.
Based on our study results, corticosteroids positively affect long-term
prognosis only when baseline LVEF is preserved.

In managing cardiac sarcoidosis, early initiation of corticosteroids, be-
fore the manifestation of myocardial damage, evokes the adage ‘a stitch
in time saves nine’. The importance of screening for cardiac sarcoidosis
has been underscored because of its association with a poor prognosis.
However, the significance of identifying cardiac sarcoidosis before the
decline of LVEF is poorly understood. This study emphasizes the need
to screen for cardiac sarcoidosis in patients with a preserved LVEF.

Study limitations

This study had several limitations. First, the limitations of this study are in-
herent in its real-world, multicentre, retrospective observational design. It
is important to acknowledge that the decision to initiate corticosteroid
therapy was based on clinical judgment, which may introduce a selection
bias. Patients with more severe disease or a higher perceived risk of pro-
gression were more likely to receive corticosteroids, potentially affecting
the comparability between the corticosteroid and non-corticosteroid
groups. Although we adjusted for key clinical variables in our analysis, re-
sidual confounding may still exist, and this should be considered when in-
terpreting the results. Approximately one-quarter of the patients had
missing final follow-up echocardiographic data after the maintenance
phase of immunosuppressive therapy, which could have led to selection
bias, even though multiple imputations were performed. Second, the rela-
tively short and widely divergent follow-up period may limit our ability to
adequately evaluate the effects of persistent corticosteroid therapy on
long-term outcomes. Third, the study did not specifically capture detailed
information on the discontinuation of corticosteroid therapy, which limits
our ability to fully assess the impact of treatment duration and discontinu-
ation on patient outcomes. Fourth, due to the changes in the diagnostic cri-
teria for cardiac sarcoidosis over time, some patients diagnosed earlier did
not meet the current criteria and were excluded from the analysis, which
may introduce selection bias. However, we retrospectively confirmed that
all enrolled patients meet the current criteria, ensuring diagnostic consist-
ency. Fifth, detailed data on guideline-directed HF medical therapy follow-
ing enrolment were unavailable, which may have influenced the prognostic
outcomes. Sixth, our cohort consisted primarily of Japanese individuals,
and the representation of other races was limited. Seventh, considering
the rarity of cardiac sarcoidosis, despite an adequate sample size, the lim-
ited number of events affected the statistical power of the comparative
analysis of time-to-event data. Therefore, we addressed this issue using

multiple models of multivariate Cox proportional hazards regression ana-
lyses. Eighth, echocardiography was conducted by trained and experi-
enced clinicians or technician, ensuring a high level of initial assessment.
However, the images were not re-evaluated for this study, which could
introduce variability in the evaluation of LV function and impact data con-
sistency. Ninth, the actual indications for the use of corticosteroids partial-
ly overlap with the primary outcome, which may have affected the results.
In this study, some patients who were not receiving corticosteroid treat-
ment at the time of diagnosis started corticosteroid after the outcome
occurred. Since these patients were censored from the study after starting
corticosteroid, the results may be biased. From an intuitive point of view,
this bias is likely to be more prevalent in patients with preserved ejection
fraction, where the indication for corticosteroid use is considered to be
less clear at first. However, when we assessed the 20 patients who started
corticosteroids after the outcome occurred, there was no significant dif-
ference in LV function (see Supplementary material online, Table S5) indi-
cating that the impact of this bias is minimal in our study.

Conclusions

In this large cardiac sarcoidosis cohort study, corticosteroid therapy
was associated with lower incidence of long-term outcomes only in pa-
tients with preserved LV function at diagnosis. However, due to the ob-
servational nature of this study, future randomized controlled trials are
necessary to better understand the impact of corticosteroid therapy on
long-term outcomes in patients with cardiac sarcoidosis.
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