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A B S T R A C T

Background: Nonsteroidal immunosuppressive therapy is a potential therapeutic strategy for cardiac sarcoidosis.
However, it is not recommended as an established treatment option. This study aimed to demonstrate the clinical
outcomes of patients with cardiac sarcoidosis using nonsteroidal immunosuppressants through the ILLUstration
of the Management and PrognosIs of JapaNese PATiEnts with Cardiac Sarcoidosis multicenter retrospective
registry.
Methods: From a cohort of 512 patients, 426 who received corticosteroid therapy and 26 who received other
immunosuppressive therapy were included for analysis. Clinical outcomes included all-cause death, fatal ven-
tricular arrhythmic events (FVAE), and worsening heart failure with hospitalization.
Results: Nonsteroidal immunosuppressants were used for retained fluorodeoxyglucose uptake in the heart (n =

14), corticosteroid side effects (n = 7), ventricular arrhythmia (n = 4), complete atrioventricular block (n = 2),
worsened extracardiac sarcoidosis (n = 2), and other reasons (n = 2). They comprised of methotrexate (n = 20),
cyclosporine (n = 2), cyclophosphamide (n = 2), and azathioprine (n = 3). After the addition of a nonsteroidal
immunosuppressant, corticosteroids were reduced in 14 of 26 patients (5 [5–17] mg), although no patient dis-
continued corticosteroids. Of the 14 patients, decreased fluorodeoxyglucose uptake was observed in seven at
follow-up. Clinical outcomes were observed in 11 patients (42.3 %). Detected events included all-cause death in
five patients (19.2 %), FVAE in four (15.4 %), and worsening heart failure with hospitalization in five (19.2 %),
with some overlap.
Conclusions: Nonsteroidal immunosuppressive therapy may be a possible treatment option for patients who are
not stabilized with corticosteroids alone or develop corticosteroid side effects.

1. Introduction

Cardiac sarcoidosis (CS) is a life-threatening condition that results in
a range of manifestations including electrophysiological [1], morpho-
logical [2,3], and motion [4] abnormalities of the heart. Typical

histopathological findings in the involved organs are multinucleated
giant cells in non-caseating epithelioid granulomas [5]. In general, CD4
+ lymphocytes accumulate in the tissues adjacent to granulomas, sug-
gesting an active inflammatory condition. Therefore, catheter-based
endomyocardial biopsy (EMB) is performed to diagnose CS [6]. Other
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diagnostic tools to detect local inflammation, morphological abnor-
malities, and scar tissue in CS include Gallium-67 citrate scintigraphy,
fluorine-18 fluorodeoxyglucose positron emission tomography (18F-FDG
PET), and cardiac magnetic resonance imaging (CMR). These imaging
techniques have also been used for the follow-up of CS and to guide the
management of patients treated with immunosuppressive therapy
[7–9].

Immunosuppressive therapy using corticosteroids is recommended
as first-line treatment in the CS guidelines [10]. Given variations in the
patterns of disease activity, disease progression, and response to corti-
costeroid therapy, the required intensity of corticosteroid therapy varies
among patients. The occurrence of side effects associated with cortico-
steroid therapy also varies. Therefore, alternative therapies are needed
to strengthen immunosuppression and avoid corticosteroid-related
adverse effects. Second-line immunosuppressive therapies, including
methotrexate, cyclosporine, cyclophosphamide, and azathioprine have
been tried for non-cardiac sarcoidosis [11–13]. However, nonsteroidal
immunosuppressive therapy is still not yet been established.

In this sub-analysis of a multicenter registration of Japanese patients
with CS, we aimed to elucidate clinical characteristics of patients with
CS who had been treated with nonsteroidal immunosuppressive therapy.
Specifically, our objectives included describing the clinical indications
for nonsteroidal immunosuppressant use, evaluating therapeutic effects
through various imaging tests, and assessing clinical outcomes.

2. Methods

2.1. Patients

The patients in this study were selected from the existing registry of
cardiac sarcoidosis entitled ILLUstration of the Management and prog-
nosis of JapaNese PATiEnts with Cardiac Sarcoidosis (ILLUMINATE-CS)
[14]. The details of the registry have been published in the publicly
available University Hospital Information Network (UMIN000034974).
Briefly, the participants were patients with CS diagnosed based on the
2016 guidelines of the Japanese Circulation Society [10] or 2014 expert
consensus statement by the Heart Rhythm Society [15], and registered
at 33 facilities across Japan. The study complied with the principles of
the Declaration of Helsinki. The study protocol was approved by the
ethics committee of each facility and the requirement for informed
consent was waived. Of the total cohort of 512 patients, 62 who did not
receive corticosteroid or nonsteroidal immunosuppressive therapy were
excluded. After excluding patients with missing data on nonsteroidal
immunosuppressant use, 26 patients who underwent nonsteroidal
immunosuppressive therapy and 423 patients who underwent cortico-
steroid therapy were selected for further analysis (Fig. 1).

2.2. Electrocardiography and imaging studies for cardiac sarcoidosis

Electrocardiography (ECG) and various imaging studies required for
CS diagnosis were performed at multiple time points. Briefly, basic
electrocardiographic characteristics, including parameters reflecting
intracardiac conduction disturbances, were collected. Transthoracic
echocardiography parameters included basic morphological measure-
ments of the left ventricle and the prevalence of septal thinning and
aneurysms. CMR parameters included the prevalence of late gadolinium
enhancement (LGE) and its localization in the American Heart Associ-
ation (AHA) 17-segments model. The uptake of 18F-FDG PET is also
evaluated using the AHA 17-segments model. ECGs and other imaging
studies performed at diagnosis (baseline) and when the therapeutic drug
reached the maintenance dose (follow up) were selected for the analysis.

2.3. Nonsteroidal immunosuppressants

In addition to the basic datasets of the ILLIMINATE-CS, clinical in-
formation regarding nonsteroidal immunosuppressants was collected
for analysis. Additional investigations included the use of nonsteroidal
immunosuppressants, side effects of corticosteroids, details of nonste-
roidal immunosuppressants, side effects of nonsteroidal immunosup-
pressants, and the weaning of patients from corticosteroid therapy.

2.4. Clinical outcomes

Clinical outcomes included all-cause death, fatal ventricular
arrhythmic events (FVAE), and worsening heart failure with hospitali-
zation. FVAE included sudden cardiac death, documented ventricular
fibrillation (VF), sustained ventricular tachycardia (VT) lasting > 30 s,
and appropriate implantable cardioverter-defibrillator therapy.

2.5. Statistical analysis

Categorical parameters are presented as numbers and percentages.
Continuous variables with a normal distribution are presented as means
and standard deviations, whereas those with a non-normal distribution
are described as medians and interquartile ranges. Student’s t-test for
nominal distribution, Mann–Whitney U test for non-nominal distribu-
tion, and chi-square test for categorical parameters were used for
intergroup comparison. A paired t-test for nominal distribution and
McNemar’s test for categorical parameters were used for intragroup
comparisons. Because the number of selected patients who received
nonsteroidal immunosuppressive therapy was relatively small, statisti-
cal tests for clinical outcomes were not performed.

Fig. 1. Patient selection. Of the 512 patients enrolled in the study, 62 without corticosteroid or nonsteroidal immunosuppressive therapy data and one with missing
data on nonsteroidal immunosuppressant use were excluded. Finally, 26 patients with nonsteroidal immunosuppressive therapy and 423 patients with corticosteroid
therapy data were enrolled in this study.
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3. Results

3.1. Baseline characteristics

Baseline patient characteristics are summarized in Table 1. In pa-
tients who received nonsteroidal immunosuppressive therapy, the mean
age at the diagnosis was 60.3 ± 11.7 years and 50 % were male. The
initial manifestations of CS at diagnosis were impaired wall motion

(42.3 %), atrioventricular block (34.6 %), VT or VF (19.2 %), and heart
failure (19.2 %), with some overlap. Histories that may be related to
sarcoidosis at the time of CS diagnosis were VF in 4.3 %, sustained VT in
23.1 %, any VT in 30.7 %, and atrioventricular block in 39.1 %. A New
York Heart Association classification of heart failure III or IV was
observed in 11.5 % of the patients. Although there were no significant
differences, patients treated with nonsteroidal immunosuppressants
showed a trend toward more male, more isolated CS, and less history of
atrioventricular block than patients treated with corticosteroids. Corti-
costeroid treatment just before the start of nonsteroidal immunosup-
pressants included pulse corticosteroid therapy in two patients or 20
[8.75–30] mg of prednisolone in the other patients.

3.2. Electrocardiography and transthoracic echocardiography

The electrocardiographic and transthoracic echocardiographic pa-
rameters are summarized in Table 2. There were no differences in the
baseline parameters between patients who received corticosteroid
therapy and nonsteroidal immunosuppressive drugs. Notably,

Table 1
Patient characteristics.

Corticosteroid
therapy (n = 423)

Nonsteroidal
immunosuppressive therapy
(n = 26)

P-
value

Age, years 61.2 ± 10.8 60.3 ± 11.7 0.671
Male, n (%) 148 (35.0) 13 (50.0) 0.121
Histological

diagnosis, n (%)
261 (61.7) 16 (61.5) 0.975

Isolated CS, n (%) 119 (28.1) 10 (38.5) 0.259
Isolated CS with

histology, n (%)
18 (4.3) 3 (11.5) 0.114

Lung sarcoidosis, n
(%)

243 (57.4) 12 (46.2) 0.214

Ocular sarcoidosis,
n (%)

117 (27.7) 7 (26.9) 0.954

Cutaneous
sarcoidosis, n
(%)

86 (20.3) 5 (19.2) 1.000

EMB-performed, n
(%)

219 (51.8) 12 (46.2) 0.578

EMB-positive, n
(%)

47 (11.1) 4 (15.4) 0.475

First manifestation
AV block, n (%) 176 (41.6) 9 (34.6) 0.734
VT or VF, n (%) 82 (19.4) 5 (19.2) 0.888
HF, n (%) 80 (18.9) 5 (19.2) 0.884
Impaired wall
motion, n (%)

199 (47.0) 11 (42.3) 0.830

Thinned basal
septum, n (%)

18 (4.3) 1 (3.8) 0.886

ECG
abnormality, n
(%)

104 (24.6) 6 (23.1) 0.931

History
HTN, n (%) 151 (35.7) 5 (19.2) 0.255
DM, n (%) 103 (24.3) 9 (34.6) 0.106
DL, n (%) 64 (15.1) 3 (11.5) 1.000
CAD, n (%) 20 (4.7) 0 (0.0) 0.614
HF admission, n
(%)

83 (19.6) 3 (11.5) 0.592

VF, n (%) 14 (3.3) 1 (4.3) 0.571
Sustained VT, n
(%)

55 (13.0) 6 (23.1) 0.093

Any VT, n (%) 115 (27.2) 8 (30.8) 0.691
AV block, n (%) 187 (44.2) 9 (39.1) 0.544
NYHA class III
or IV, n (%)

52 (12.3) 3 (11.5) 1.000

Creatinine, mg/
dL

0.78 [0.65–0.94] 0.91 [0.70–1.13] 0.052

ACE, IU/L 16.7 [11.6–21.9] 20.6 [11.8–24.3] 0.394
Lysozyme, µg/
mL

9.6 [7.0–13.1] 8.8 [5.4–30.7] 0.716

s-IL2R, IU/mL 521.0
[380.0–809.5]

524.0 [353.5–928.5] 0.953

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; AV, atrioventric-
ular; BNP, B-type natriuretic peptide; CAD, coronary artery disease; CS, cardiac
sarcoidosis; DL, dyslipidemia; DM, diabetes mellitus; EMB, endomyocardial bi-
opsy; HF, heart failure; HTN, hypertension; NT-proBNP, N-terminal prohormone
of B-type natriuretic peptide; NYHA, New York Heart Association; sIL-2R, sol-
uble interleukin 2 receptor; VF, ventricular fibrillation; VT, ventricular tachy-
cardia. Data are presented as mean ± standard deviation, median [interquartile
range], or n (%).

Table 2
Electrocardiographic and echocardiographic characteristics.

Corticosteroid therapy
(n = 423)

Nonsteroidal
immunosuppressive
therapy (n = 26)

Baseline Follow up Baseline Follow up

Electrocardiography
Heart rate, bpm 68.4 ±

16.1
70.9 ±

12.5†
68.1 ±

17.4
67.5 ±

9.3
PQ, ms 198.6 ±

109.0
170.2 ±

92.8
185.2 ±

32.7
172.6 ±

29.1
QRS, ms 133.4 ±

34.9
125.6 ±

38.8
130.7 ±

30.2
131.8 ±

29.1
QT, ms 448.7 ±

63.7
414.8 ±

95.9†
454.6 ±

60.2
442.3 ±

29.3
Normal AV conduction, n
(%)

228 (59.2) 212
(74.4) ‡

11 (50.0) 13 (76.5)

1st or 2nd degree AV
block, n (%)

64 (16.6) 37 (13.0) 5 (7.2) 1 (5.9)

3rd degree AV block, n
(%)

89 (23.1) 36 (12.6) 6 (27.2) 3 (17.6)

RBBB, n (%) 130 (37.4) 76 (26.3)
†

6 (33.3) 4 (22.2)

LBBB, n (%) 16 (4.7) 9 (3.2) 0 (0.0) 0 (0.0)
LAHB, n (%) 35 (10.4) 27 (9.5) 4 (22.2) 4 (22.2)
LPHB, n (%) 4 (1.2) 2 (0.7) 0 (0.0) 0 (0.0)
Pacing, n (%) 94 (27.7) 105

(36.8) *
4 (22.2) 8 (44.4)

Echocardiography
LVEF, % 49.1 ±

15.7
49.3 ±

14.9
46.7 ±

16.3
43.1 ±

16.6
LVEDD, mm 53.0 ± 9.5 53.9 ±

23.2
55.5 ±

7.7
57.6 ±

9.6
LVESD, mm 39.7 ±

12.1
39.3 ±

12.7
42.5 ±

11.3
47.2 ±

14.0
Basal IVST, mm 8.4 ± 2.9 7.6 ± 3.7‡ 7.4 ± 3.1 6.9 ± 2.9
Mid IVST, mm 9.4 ± 2.6 8.9 ± 3.5‡ 8.4 ± 2.3 7.8 ± 1.8
LAD, mm 37.7 ± 7.4 38.0 ±

7.9
36.7 ±

10.1
38.4 ±

10.2
Septal thinning, n (%) 173 (42.3) 190

(51.9) †

12 (50.0) 13 (50.0)

Aneurysm, n (%) 42 (10.3) 56 (15.3)
*

5 (20.8) 6 (23.1) *

AV, atrioventricular; IVST, interventricular septal thickness; LAD, left atrial
dimension; LAHB, left anterior hemiblock; LPHB, left posterior hemiblock;
LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic
dimension; LVESD, left ventricular end-systolic dimension; RBBB, right bundle
branch block. Data are presented as mean ± standard deviation or n (%). *
means P < 0.05 compared to baseline. † means P < 0.01 compared to baseline. ‡

means P < 0.001 compared to baseline.
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electrocardiography in the corticosteroid therapy group changed
significantly, comparing baseline and follow-up, as follows: heart rate
(68.4 ± 16.1 bpm vs. 70.9 ± 12.5 bpm, P = 0.002), QT interval (448.7
± 63.7 ms vs. 414.8 ± 95.9 ms, P = 0.003), frequency of normal
atrioventricular conduction (59.2 % vs. 74.4 %, P< 0.001), frequency of
3rd degree atrioventricular block (23.1 % vs. 12.6 %, P < 0.001), fre-
quency of right bundle branch block (37.4 % vs. 26.3 %, P = 0.003),
frequency of pacing (27.7 % vs. 36.8 %, P = 0.015), basal interven-
tricular septal thickness (8.4 ± 2.9 mm vs. 7.6 ± 3.7 mm, P < 0.001),
middle interventricular septal thickness (9.4 ± 2.6 mm vs. 8.9 ± 3.5
mm, P < 0.001), frequency of septal thinning (42.3 % vs. 51.9 %, P =

0.007), and aneurysm (10.3 % vs. 15.3 %, P = 0.039). In contrast, the
nonsteroidal immunosuppressant group revealed significant changes
only in left atrial dimension (36.7 ± 10.1 mm vs. 38.4 ± 10.2 mm, P =

0.043) and frequency of aneurysm (20.8 % vs. 23.1 %, P = 0.035).

3.3. CMR and 18F-FDG PET

The local distributions of LGE on CMR in patients who received
nonsteroidal immunosuppressive therapy were exhibited at baseline (at
diagnosis) and follow-up (at the final scan) (Fig. 2). CMR was performed
in 12 patients (46.2 % of the enrolled patients) at baseline and in seven
patients (26.9 %) at follow-up with a mean duration of 6.7 ± 8.3 years.
LGE was observed in 10 patients (38.5 % enrolled, 83.3 % performed) at
baseline and in six patients (23.1 % enrolled, 85.7 % performed) at
follow-up with a mean duration of 7.4 ± 5.2 months. LGE was most
frequently observed in the basal anteroseptal segment at baseline and
follow-up. The local distribution of 18F-FDG uptake in patients who
received nonsteroidal immunosuppressive therapy was also displayed at
baseline (diagnosis) and follow-up (final scan) (Fig. 3). 18F-FDG PET was
performed in 17 patients (65.4 %) at baseline and in 16 patients (61.5 %)
at follow-up. 18F-FDG uptake was observed in 17 patients (65.4 %
enrolled, 100 % performed) at baseline and in 10 patients (38.5 %
enrolled, 62.5 % performed) at follow-up. The uptake was frequently
observed in the basal and middle segments of the anterior, septal, and
inferior walls.

3.4. Clinical course of patients on nonsteroidal immunosuppressive
therapy

The reasons for using nonsteroidal immunosuppressants are sum-
marized in Table 3 and comprised of retained FDG heart uptake, sug-
gesting uncontrolled inflammation (n = 14), side effects of
corticosteroids (n = 7), VT or frequent ventricular premature contrac-
tion (VPC) (n = 4), complete atrioventricular block (n = 2), worsened
symptoms relating to non-cardiac sarcoidosis including neuro and pul-
monary sarcoidosis (n = 2), and the other reasons (n = 2), with some
overlap. Details of the side effects of corticosteroids included myopathy
(n = 3), blood glucose deterioration (n = 3), epigastralgia suggestive of
gastroduodenitis (n = 2), and osteonecrosis of the femoral head (n = 1),
with some overlap. The deterioration of blood glucose was not an in-
dependent reason but was accompanied by other reasons in nonsteroidal
immunosuppressive therapy. The nonsteroidal immunosuppressants
administered included methotrexate (n = 20, 6.9 ± 2.1 mg/week),
cyclosporine (n= 2, 75 or 100 mg/day), cyclophosphamide (n= 2, 25 or
50mg/day), azathioprine (n= 3, 100mg/day in each), and adalimumab
(n = 1, 40 mg in every 14 days), with some overlap (Table 4). After the
addition of nonsteroidal immunosuppressants, corticosteroids were
reduced in 14 of 26 patients, with a median maintenance dose of 5 mg
(interquartile range, 5–17 mg), although no patients discontinued cor-
ticosteroids. Of the 14 patients who started nonsteroidal immunosup-
pressants for retained FDG uptake, the total segment of FDG uptake
decreased significantly (5 [4–6] vs. 2 [0–5.5], P = 0.016) and decreased
FDG uptake was observed in seven patients (50 %) at the follow-up scan.
Notably, FDG uptake was negative in six of the 16 patients at the follow-
up scan, although no patient was negative at the baseline scan (Fig. 3). In
patients who developed corticosteroid side effects, epigastralgia rapidly
improved in two patients after corticosteroid dose reduction.
Corticosteroid-induced hyperglycemia requires continued administra-
tion of oral hypoglycemic agents or insulin even after corticosteroid
reduction. Of the four patients with VT or frequent VPC, VT was not
suppressed even after the addition of methotrexate. In a patient who
initially received corticosteroids, frequent antiarrhythmic agent-

Fig. 2. Late gadolinium enhancement in cardiac magnetic resonance at baseline and follow up. Cardiac magnetic resonance imaging was performed in 12
patients (46.2% of the enrolled patients) at baseline and was repeated after the administration of nonsteroidal immunosuppressants in seven patients (26.9%). Late
gadolinium enhancement was observed in 10 patients (38.5% of 26 patients) at baseline and in six patients (23.1%) at follow-up. CMR-LGE: late gadolinium
enhancement on cardiac magnetic resonance.
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resistant VPC was suppressed by the addition of cyclophosphamide and
corticosteroid reduction. In two patients with complete atrioventricular
block during corticosteroid maintenance therapy, nonsteroidal immu-
nosuppressants were added after pacemaker or implantable cardioverter

defibrillator (ICD) implantation. Side effects of nonsteroidal immuno-
suppressants were observed in six cases (Table 5). One patient with
increased serum KL-6 levels 30 months after the administration of
methotrexate showed possible methotrexate-associated interstitial
pneumonia and was changed from methotrexate to azathioprine. A pa-
tient with increased soluble interleukine-2 receptor 40 months after the
administration of methotrexate developed methotrexate-associated
lymphoproliferative disorder which resolved after the discontinuation
of methotrexate. In a patient who developed septic coxitis during
methotrexate administration, the drug was stopped for 4 months and
subsequently resumed. Methotrexate was discontinued in one patient
who showed worsened renal function during administration. One pa-
tient who developed hepatic dysfunction during methotrexate therapy
showed improved hepatic function after its discontinuation. A patient
who developed anemia during azathioprine treatment underwent red
blood cell transfusion and discontinuation of therapy, which improved
the anemia.

3.5. Clinical outcomes

As summarized in Table 6, clinical outcome events were observed in
11 patients (42.3 %), with a mean follow-up duration of 1850 days after
the initiation of nonsteroidal immunosuppressive therapy. Detected
events included all-cause death in five patients (19.2 %), FVAE in four
patients (15.4 %), and worsening heart failure with hospitalization in
five patients (19.2 %), with some overlap. Of the seven patients who
started nonsteroidal immunosuppressants for retained FDG uptake and
reduced uptake after additional therapy, clinical outcome events

Fig. 3. Fluorine-18 fluorodeoxyglucose positron emission tomography at baseline and follow up. Fluorine-18 fluorodeoxyglucose positron emission to-
mography was performed in 17 patients (65.4% of enrolled patients) at baseline and was repeated after administering nonsteroidal immunosuppressants in 16
patients (61.5% of enrolled patients). Fluorodeoxyglucose uptake was observed in 17 patients (65.4% enrolled, 100% performed) and 10 patients (38.5% enrolled,
62.5% performed) at follow-up.

Table 3
Reasons for the use of nonsteroidal immunosuppressants.

Reason n (%)

Retained FDG uptake, n (%) 13 (50)
Side effects of steroids, n (%) 7 (26.9)
VT or frequent VPC, n (%) 4 (15.4)
Complete AV block, n (%) 2 (7.7)
Worsened extra-cardiac sarcoidosis, n (%) 2 (7.7)
Other reasons, n (%) 2 (7.7)

AV, atrioventricular; FDG, fluorodeoxyglucose; VF, ventricular fibrillation;
VPC, ventricular premature contraction; VT, ventricular tachycardia.

Table 4
Details of nonsteroidal immunosuppressants.

n (%) dosage

Methotrexate 20 (76.9) 6.9 ± 2.1 mg/week
Cyclosporine 2 (7.7) 75 or 100 mg/day
Cyclophosphamide 2 (7.7) 25 or 50 mg/day
Azathioprine 3 (11.5) 100 mg/day
Adalimumab 1 (3.8) 40 mg/14 days

Table 5
Side effects of nonsteroidal immunosuppressants.

Overall, n 6

Methotrexate-associated interstitial pneumonia, n 1
Methotrexate-associated lymphoproliferative disorder, n 1
Methotrexate-induced septic coxitis, n 1
Methotrexate-induced acute kidney injury, n 1
Methotrexate-induced hepatic dysfunction, n 1
Azathioprine-induced anemia, n 1

Table 6
Clinical outcome events.

Overall, n (%) 11 (42.3)

All-cause death, n (%) 5 (19.2)
FVAE, n (%) 4 (15.4)
Worsening heart failure with hospitalization, n (%) 5 (19.2)

FVAE, fatal ventricular arrhythmic event.
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occurred only in one patient. In contrast, of the two patients whose FDG
uptake did not improve even after additional immunosuppressive ther-
apy, clinical outcome events occurred.

4. Discussion

In this sub-study of ILLUMINATE-CS, 26 patients treated with
nonsteroidal immunosuppressive therapy were investigated. Regarding
nonsteroidal immunosuppressants, methotrexate, cyclosporine, cyclo-
phosphamide, and azathioprine were administered to 20, 2, 2, and 3
patients, respectively. Clinical outcome events were observed in 11
patients (42.3 %), including all-cause death in five patients (19.2 %),
FVAE in four patients (15.4 %), and worsening heart failure with hos-
pitalization in five patients (19.2 %).

First, the number of patients selected for this sub-study in which
nonsteroidal immunosuppressive therapy was performed was 26 (5.1 %
of registered patients in the ILLUMINATE-CS registry), which seemed
relatively small. This low frequency suggests that most patients treated
with corticosteroids might be well-controlled without serious side ef-
fects. However, in contrast, this frequency might also indicate that
cardiologists may not be familiar with nonsteroidal immunosuppres-
sants and may thus be hesitant to use them, resulting in some patients
not receiving adequate therapeutic regimens. The nonsteroidal immu-
nosuppressants administered in our study’s participants were diverse,
encompassing a wide range of medications mentioned in previous
literature and guidelines. Within them, the most frequently used
nonsteroidal immunosuppressant in the study is methotrexate, which is
the same as reported in a recent systematic review [16].

In our study cohort, the two main reasons why patients were treated
with nonsteroidal immunosuppressants were as follows: the patients
were not fully controlled by corticosteroid therapy alone and the pa-
tients experienced corticosteroid-related side effects. In those not fully
controlled on corticosteroid therapy alone, some exhibited worsened
rhythm conditions, including atrioventricular block or ventricular
tachyarrhythmia, as well as concomitant shock therapy with an ICD or
cardiac resynchronization therapy with a defibrillator. However, other
patients exhibited worsened regional wall motion or elevated levels of B-
type natriuretic peptide. Notably, despite corticosteroid therapy, most
patients exhibited FDG uptake on 18F-FDG PET imaging. In relation to
side effects, development of corticosteroid-related skeletal myopathy
and hyperglycemia occurred. Notably, 71 % of the patients who expe-
rienced corticosteroid-related side effects were tapered to 5 mg pred-
nisolone. Thus, the addition of nonsteroidal immunosuppressants
seemed reasonable. Whether to stop or continue the minimum dose of
corticosteroids remains controversial.

The efficacy and safety of additional nonsteroidal immunosuppres-
sive therapies are summarized in the Results section. Briefly, nonste-
roidal immunosuppressive therapy achieved corticosteroid dose
reduction and reduced FDG uptake on 18F-FDG PET imaging. FDG up-
take was observed in every patient who underwent 18F-FDG PET, even
after treatment with corticosteroids. In contrast, after the initiation of
nonsteroidal immunosuppressive therapy, FDG uptake was observed in
only 62.5 % of the patients during the follow-up scan. Similar to the
regional distribution of FDG uptake in the main study [14], the present
study revealed a relatively higher prevalence in the basal or mid-septal
wall before immunosuppressive therapy, and a trend toward reduction
in the same segment at follow-up. Regarding safety, nonsteroidal
immunosuppressive therapy-associated side effects were observed in six
cases. Because some of these complications can be fatal, patients un-
dergoing nonsteroidal immunosuppressive therapy should be followed
up with care.

In previous studies from European countries and the USA, metho-
trexate was started at 10–15 mg/week and then increased to 15–20 mg/
week [17,18]. In contrast, some studies from Japan have reported a
lower methotrexate dose of 6 mg/week [19–21]. In the present study,
the methotrexate dose was similar to that reported in Japan. Although

the body size is generally smaller in the Japanese population than in the
European or US populations, the reported methotrexate dose might be
too low to achieve sufficient efficacy.

The overall clinical event rate was 42.3 %, with a mean follow-up
period of approximately 5 years. Compared to the estimated 5-year
event rate at the primary endpoint of 31.0 % in the ILLUMINATE-CS
[14], the one reported in this sub-study seemed relatively high. This
difference may be attributed to relatively more worsened left ventricular
sizes and the prevalence of aneurysms in patients on nonsteroidal
immunosuppressive therapy as shown in Table 2.

Considering all the data, nonsteroidal immunosuppressive therapy
seems a favorable alternative strategy for patients with corticosteroid-
related side effects. Since the intracardiac conduction after nonste-
roidal immunosuppressive therapy showed a trend toward decreased
atrioventricular block and increased normal atrioventricular conduction
(Table 2), those who showed conduction deterioration may also benefit
from the therapy. Because FVAE was not suppressed even after the
addition of nonsteroidal immunosuppressive therapy, a comprehensive
therapeutic strategy including ICD implantation and catheter ablation
may be required. Although FDG uptake was decreased after the addition
of nonsteroidal immunosuppressive therapy, clinical events occurred in
5 of 13 patients who used nonsteroidal immunosuppressants for retained
FDG uptake. Therefore, further investigations are needed for this cluster.

This study has some limitations. First, this was a retrospective,
observational study. All data, including clinical examinations performed
in clinical practice, were collected after enrollment. Thus, some data
were missing, especially during follow-up examinations. Second,
although the mother database of the ILLUMINATE-CS consisted of 512
patients, the number of patients selected for this sub-study was small.
Additionally, there was a sample size imbalance between patients
receiving corticosteroid therapy and those receiving nonsteroidal
immunosuppressive therapy, which may introduce confounding factors
between the groups. Therefore, we decided that statistical comparisons
were not appropriate for this study. Finally, we also attempted to
compare the clinical events and imaging studies between different types
of nonsteroidal immunosuppressive therapy. However, this was impos-
sible due to the small sample size.

In conclusion, nonsteroidal immunosuppressive therapy may be a
viable treatment option for patients who are not stabilized on cortico-
steroid therapy alone or who experience corticosteroid side effects, as it
can reduce FDG uptake and avoid corticosteroid side effects. However,
this study was only a descriptive analysis without group comparisons.
Therefore, a large-scale interventional trial is warranted to determine
the efficacy and safety of nonsteroidal immunosuppressive therapy.
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