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The treatment of active cardiac sarcoidosis (CS) usually involves immunosuppressive therapy, with the
goal of preventing inflammation-induced scar formation. In most cases, steroids remain the first-line
treatment for CS. However, given the side effect profile of their long-term use, steroid-sparing therapies
are increasingly used. There are no published randomized trials of steroid-sparing agents in CS. We
sought to do a systematic review to evaluate the current published data on the use of non-steroidal treat-
ments in the management of CS. We searched the Cochrane Library, Ovid Medline, Ovid Embase, PubMed,
and Web of Science Core Collection databases from inception of database to August 2020 to identify the
effectiveness of biological or synthetic disease-modifying antirheumatic agents (s- and bDMARDs).
Secondary objectives include safety profile as well as the change in the average corticosteroid dose after
treatment initiation. Twenty-three studies were ultimately selected for inclusion which included a total
of 480 cases of CS treated with a range of both s- and bDMARDs. In all included studies, sDMARDs and
bDMARDs were studied in combination with steroids or as second or higher-line treatments after ther-
apeutic failure or intolerance to corticosteroid use. Methotrexate (MTX) and infliximab (IFX) were the
most common synthetic and biologic DMARDs studied respectively, reported in about 35% of the studies
reviewed. The use of steroid-sparing agents was associated with a reduction in the maintenance steroid
dose used. In conclusion, steroids will remain as the cornerstone of anti-inflammatory management in
patients with CS until trials on the use and safety profile of other immunosuppressive agents are com-
pleted and published.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The treatment of active cardiac sarcoidosis (CS) usually involves
immunosuppressive therapy [1], despite a paucity of high quality
of evidence demonstrating benefit. Cardiac sarcoidosis is often
seen in conjunction with systemic sarcoidosis, but cardiac involve-
ment may also occur in the absence of other systemic manifesta-
tions.[2] Clinical CS is thought to occur in about 5% of patients
with sarcoidosis. It is estimated that in patients with systemic sar-
coidosis, asymptomatic CS ranges from 25% in U.S. studies to 58%
in studies from Japan [3–5]. However, autopsy data suggest that
the prevalence of cardiac involvement on pathology may be as high
as 70% [4,6], with isolated CS seen in almost 25% of the total cases
[7,8]. Identification of CS is important as the proportion of deaths
from sarcoidosis attributed to cardiac causes may be as high as
58% [4].

The goal of immunosuppressive therapies in CS is to prevent
clinical sequelae by preventing fibrosis and myocardial remod-
elling induced by inflammation as focal areas of inflammation
can progress to scar formation. Adverse clinical sequalae arise from
these pathological processes in CS, leading to consequences such as
atrial/ventricular tachycardias, high-degree atrioventricular block,
ventricular dysfunction, heart failure and/or sudden cardiac death.
These sequelae can potentially be improved by treatment focused
on reducing inflammation and subsequent scar formation [2]. In
most cases, glucocorticoid therapy remains the first-line immuno-
suppressive treatment for CS [9], with serial cardiac imaging (such
as 18F-FDG (fluorodeoxyglucose) PET (positron emission tomogra-
phy) or cardiac MRI) often used for the longitudinal assessment
of treatment response [10,11]. However, given the side effect
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Records after duplicates removed
(n=1676)

Records screened by title and abstract
(n=1676)

Irrelevant records excluded
(n=1547)

Full-text articles assessed for eligibility
(n=129)

PRISMA flow-chart

Full-text articles excluded (n=106)
• No information on steroid-sparing medications (n=27)
• Review/commentary/consensus document (n=26)
• Case report (n=27)
• Pediatric population (n=2)
• No confirmed cardiac involvement (n=1)
• No clear definition of cardiac outcomes (n=1)
• No data on cardiac-specific effects (n=6)
• No longitudinal follow-up (n=2)
• Clinical trial protocols (n=3)
• Cardiac transplant population (n=1)
• Duplicate population (n=10)
• Historical cohorts (n=2)

Studies included in the review (n=23)

Duplicates removed
(n=1987)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flowchart.
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profile of long-term glucocorticoid use such as an increased risk of
infections, diabetes, weight gain, osteoporosis, etc, steroid-sparing
treatment options such as methotrexate (MTX), azathioprine,
cyclophosphamide, mycophenolate mofetil (MMF) and anti-
tumor necrosis factor (TNF) alpha therapies (infliximab (IFX), etan-
ercept, adalimumab, certolizumab pegol) are increasingly used in
CS. Local practice rather than high-quality evidence usually guides
selection of steroid sparing agents, and there is limited data show-
ing benefit of steroid-sparing agents in CS. There are no published
randomized trials of steroid-sparing agents in systemic or cardiac
sarcoidosis. The aim of this systematic review is to evaluate the
current published data describing the use of non-steroidal treat-
ments in the management of CS, focusing on their effectiveness
in cardiac clinical and imaging parameters and safety profile when
used as adjunct or alternative therapies to glucocorticoid
management.

2. Methods

A systematic review assessing the effectiveness of DMARDs
alone or in combination with corticosteroids in the treatment of
2

CS was conducted according to the PRISMA (Preferred Reporting
Items For Systematic Reviews And Meta-Analyses) statement
[12]. We systematically searched the Cochrane Library, Ovid Med-
line, Ovid Embase, PubMed, and Web of Science Core Collection
databases from inception of database to August 2020.

Databases were searched using a combination of controlled and
free text terms (search strategy in the Supplement). The search
was not limited by language, publication type, or publication date.
The search was peer-reviewed by a second librarian using PRESS
(Peer Review for Electronic Search Strategies) [13]. The final
searches were performed in all the databases on August 29,
2020. Citations from all databases were imported into an Endnote
X9 library and then ingested into Covidence (v1517 e4b75b54,
2020), a screening and data extraction tool. Two independent
reviewers (CGK, BDY) performed a title abstract and full text
review with disagreements resolved by a third reviewer (EJM).

The primary endpoint was to identify the effectiveness of non-
steroidal anti-inflammatory agents including, but not limited to,
the incidence of adverse clinical events, changes in imaging param-
eters, such as cardiac FDG PET (myocardial FDG tracer uptake and/
or perfusion defects), echocardiography (i.e. ventricular function),



Table 1
Design and baseline demographics of the included studies.

Author, year Country Study type Publication
type

Years Study population Non-
steroidal
treatment
studied (n)

Patients
receiving
non-
steroidal
treatment
(n)

Age (years) Female
sex (n,
%)

Race (n, %)

Synthetic disease-modifying antirheumatic drugs (sDMARD)

Yazaki et al,
2014 [19]

Japan Retrospective,
single-center
cohort

abstract N/A CS patients with
addition of MTX due to
relapse, deterioration or
steroid-related adverse
effects

MTX 7 N/A N/A N/A

Yokomatsu
et al,
2018 [20]

Japan Retrospective,
single-center
cohort

abstract N/A CS patients treated with
MTX with sequential
PET scans at least
12 months apart

MTX 6 mean: 66 4
(66.7%)

N/A

Nagai et al,
2014 [21]

Japan Retrospective,
single-center
cohort

full N/A CS patients followed
every three months for
five years in the CS clinic

MTX 10 65.9 ± 7.7 8 (80%) N/A

Ballul et al,
2019 [23]

France Retrospective,
single-center
cohort

full 2012–
2016

Consecutive patients
with histologically
proven sarcoidosis

MTX (5,
41.7%), AZA
(5, 41.7%), CP
(n = 2, 16.7%)

12 50.6
(mean)

6 (50%) Black (12,
100%)

Chapelon-
Abric
et al,
2017 [24]

France Retrospective,
single-center
cohort

full 1995–
2014

Patients with CS treated
in a single department

CP (20,
57.1%), MTX
(12, 34.3%),
MMF (2,
5.7%),
cyclosporine
A (1, 2.9% -
transplant)

35 median:
42 (95% CI:
33–49)

9
(25.7%)

Caucasian:
22 (63%),
Black: 12
(34%),
Asian: 1
(3%)

Fussner et al,
2016 [25]

USA Retrospective,
two-center
cohort

abstract 1994–
2014

Patients with CS who
received MMF in two
large academic centers

MMF 33 median:
51 [IQR:
47–58]

9 (27%) Caucasian
(26, 79%)

Griffin et al,
2018 [26]

USA Retrospective,
single-center
cohort

abstract N/A CS patients who
received combination
therapy of MMF with
prednisone

MMF 25 51.5 ± 11.4 10
(40%)

Black: 10
(40%)

Biological disease-modifying antirheumatic drugs (bDMARD)

Rosenthal
et al,
2019 [22]

USA Retro-/
prospective,
single-center
cohort

full 2009–
2018

Treatment-naïve CS
patients with two
consecutive cardiac PET
scans (6 months apart)

MTX
(25) ± ADA
(19, if
persistent
symptoms or
intolerance
to MTX)

28 52 12
(42.8%)

N/A

Sethi et al,
2018 [38]

USA Retrospective,
single-center
cohort

abstract N/A CS patients with at least
two sequential cardiac
PET scans

MTX (15,
100%), ADA
(added in 8
[53%])

15 N/A N/A N/A

Estephan
et al,
2017 [27]

USA Retrospective,
single-center
study

abstract 2013–
2014

Sarcoidosis patients
with cardiac PET
suggesting cardiac
involvement

IFX (8,
53.3%), ADA
(1, 6.7%),
MMF (7,
46.7%), AZA
(2, 13.3%)

15 N/A N/A N/A

Kandolin
et al,
2017 [28]

Finland Retrospective,
single-center
cohort

abstract 2012–
2017

Biopsy-proven CS
patients receiving IFX as
fourth-line treatment
due to persistent disease
activity, adverse events
or intolerance to other
medications

IFX 9 53 ± 11.1 6 (67%) N/A

Kowlgi et al,
2019 [29]

International Retrospective,
multi-center
cohort

abstract N/A Refractory CS that have
failed treatment with at
least one
immunosuppressant

IFX 27 54 [45–59] 8
(29.6%)

N/A

Chapelon-
Abric
et al,
2015 [30]

France Retrospective,
single-center
cohort

full 2005–
2013

Consecutive patients
with biopsy-proven,
severe and treatment-
resistant sarcoidosis
with cardiac and/or
neuro involvement

IFX 16 median:
36 [range:
26–43]

7
(43.8%)

Caucasian:
10 (62.5%),
Black: 5
(31.3%),
Asian: 1
(6.3%)

(continued on next page)
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Table 1 (continued)

Author, year Country Study type Publication
type

Years Study population Non-
steroidal
treatment
studied (n)

Patients
receiving
non-
steroidal
treatment
(n)

Age (years) Female
sex (n,
%)

Race (n, %)

Harper et al,
2019 [31]

USA Retrospective,
single-center
cohort

full N/A CS patients on IFX due to
refractory arrythmias or
persistently elevated
18F-FDG uptake with
cardiac symptoms

IFX 36 50 ± 11 10
(27.8%)

White (28,
77.8%);
Black (8,
22.2%)

Cundiff et al,
2019 [32]

USA Retrospective,
single-center
cohort

abstract N/A Patients with
metabolically active CS
(defined by cardiac PET)
treated with TNFi due to
disease progression or
intolerance,
contraindications to
steroids.

IFX (8,
88.9%), ADA
(1, 11.1%)

9 N/A N/A N/A

Sinokrot
et al,
2019 [33]

USA Retrospective,
single-center
cohort

abstract 2016–
2018

Refractory CS disease
(dysrhythmias,
cardiomyopathy and
persistent 18F-FDG
uptake) despite 1st/2nd-
line therapies

IFX 5 N/A N/A N/A

Devraj et al,
2020 [34]

USA Retro-/
prospective,
single-center
cohort

abstract 2013–
2018

All CS patients treated
with biologics due to
disease progression or
intolerance,
contraindications to
standard therapy.All had
received steroids prior
to initiation

ADA (7,
58.3%), IFX
(4, 33.3%)
and RXM (1,
8.3%)

12 52 ± 8 50% Black (9,
74%);
White (3,
25%)

Puyraimond-
Zemmour
et al,
2017 [35]

France Retrospective,
multi-center
cohort

abstract N/A Patients with definite
histologically proven
extra-thoracic
sarcoidosis involving the
heart who received a
TNFi

IFX (24, 96%),
ETN (1, 4%)

25 38 N/A N/A

Jamilloux
et al,
2017 [15]

France Retrospective,
multi-center
cohort

full 2014–
2015

Sarcoidosis patients
treated with anti-TNF
agents (28/132 [21.2%]
had cardiac
involvement)

IFX (120,
91%), ADA (8,
6%), ETN (3,
2%), CZP (1,
1%)

132 (28
with CS)

mean: 45.5
[range:
14–78]

76
(57.6%)

Caucasian:
88 (66.7%),
Black: 37
(28%),
Asian: 4
(3%), N/A:
3 (2.2%)

Krause et al,
2016 [41]

USA Retrospective,
single-center
cohort

abstract N/A All CS cases treated with
RXM due to failure of
1st/2nd-line treatment
(corticosteroids ± MMF
(80%), MTX (40%), AZA
(20%), IFX (20%),
leflunomide (20%))
with � 1 follow-up

RXM 5 50.9 ± 8.8 2 (40%) N/A

Baker et al,
2019 [37]

USA Retrospective,
single-center
cohort

full 2009–
2018

All CS cases treated with
TNFi for worsening
imaging findings

IFX (10, 50%),
ADA
(10,50%-one
patient had
received IFX)
Golimumab
(1, 5%)

77 (TNFi
only 20)

Mean 55
(median
58 years)

39% 66%
Whitie,
16% Black,
9% Asians,
9%
Hispanics

Gilotra et al,
2020 [39]

USA Retrospective,
multi-center

full 2014–
2019

All CS were treated with
TNFi for 1) persistent
cardiac inflammation on
FDG-PET despite
immunosuppression 2)
clinically active CS and/
or 3) into side effects
from
immunosuppression
agents.

IFX (30, 79%),
ADA (8, 21%)

38 Mean 49.9 42% 53% Black

Injean et al,
2019 [36]

USA Retrospective,
single center

abstract 2014–
2019

Not specified. Multiple. IFX
(3, 21%), ADA
(2, 14%).
Also,
steroids,

14 58 40% N/A
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Table 1 (continued)

Author, year Country Study type Publication
type

Years Study population Non-
steroidal
treatment
studied (n)

Patients
receiving
non-
steroidal
treatment
(n)

Age (years) Female
sex (n,
%)

Race (n, %)

AZA, MTX,
MMF, HCQ,
CP,
tacrolimus

ADA: adalimumab; AZA: azathioprine; CP: cyclophosphamide; CS: cardiac sarcoidosis; CZP: certolizumab pegol; ETN: etanercept; FDG: fluorodeoxyglucose; HCQ: hydrox-
ychloroquine; IFX: infliximab; MMF: mycophenolate mofetil; MTX: methotrexate; N/A: not available; PET: positron emission tomography; RXM: rituximab; TNF(i): tumor
necrosis factor (inhibitor). Data presented as mean ± standard deviation and n (%) unless specified otherwise.
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or cardiac MRI (i.e. late gadolinium enhancement; ventricular func-
tion) as well as changes in arrhythmic burden and circulating
biomarkers. Secondary objectives included the safety profile of
such interventions as well as the change in the average corticos-
teroid dose after treatment initiation. Studies were deemed eligible
for inclusion if they included adult patients with CS diagnosed
based on endomyocardial biopsy and/or systemic sarcoidosis with
imaging or clinical findings indicative of cardiac involvement.
Studies must have also included treatment with steroid-sparing
medications with or without corticosteroids, and results regarding
the efficacy of the steroid-sparing regimen. Meeting and confer-
ence abstracts as well as studies in any language were also
included if a translation of the abstract was available in English.
Studies without report of cardiac involvement, studies reporting
treatment with steroids alone, or with insufficient information to
extract data on the effectiveness of the steroid-sparing interven-
tions were excluded. Case reports were also excluded to reduce
the effect of selection/reporting bias. Finally, studies by the same
research groups describing duplicate populations were also
reviewed and the most recent one or the one with the largest pop-
ulation were included. The excluded studies and exclusion criteria
for each study are summarized in the Supplement (Table S1).

Extracted data included patient and study characteristics as
well as effectiveness on clinical, imaging, and safety outcomes.
Baseline characteristics included demographics, baseline cardiac
profile, steroidal, and non-steroidal treatments given (including
dosing and frequency if provided), cardiac outcome measures,
and safety profile (adverse events). Given the observational nature
and heterogeneity of the studied interventions and populations, no
quantitative summary (i.e. meta-analysis) was feasible.

Risk of bias was assessed using the ROBINS-I (‘‘Risk Of Bias In
Non-randomised Studies of Interventions”) tool [14], focusing on
the following key domains: confounding, selection of participants
(pre-intervention), measurement of interventions (at interven-
tion), deviations from intended interventions, missing data, mea-
surements of data, selection of the reported result (post-
intervention).
3. Results

Our systematic search yielded 1676 unique titles following title
and abstract screening, of which 129 were retrieved for full text
review. Of these, 23 studies were ultimately selected for inclusion
in our study (Fig. 1). These studies included a total of 480 cases of
CS treated with a range of both synthetic (methotrexate, n = 83;
MMF, n = 68; cyclophosphamide, n = 22; azathioprine, n = 19;
cyclosporine A used post-heart transplant, n = 1) and biological
disease-modifying antirheumatic agents (infliximab, n = 171; adal-
imumab, n = 64, rituximab, n = 6, etanercept, n = 1, golimumab = 1–
5

excluding the study by Jamilloux et al. [15] which did not specify
the biologics given in the CS patient subset. The median age ranged
from 36 to 66 years and proportion of female patients ranged from
25.7% to 80% (Table 1). The cardiac outcome measures are summa-
rized in Table 2, whereas the doses used and reported adverse
events are presented in the Supplement (Table S2). Studies dif-
fered in the criteria used for diagnosis of CS, with some studies
relying on the Heart Rhythm Society consensus criteria [1], while
others used the Japanese Circulation Society [16], WASOG (World
Association of Sarcoidosis and other Granulomatous Disorders) cri-
teria [17] or Japanese Society of Cardiology consensus diagnostic
criteria [18] (Table 3). Regardless of the diagnostic criteria used,
studies showed cases with a high prevalence of ventricular dys-
function at baseline, high arrhythmic burden (predominantly ven-
tricular tachycardias), high-grade atrioventricular block, and need
for pacemaker or implantable cardioverter-defibrillator (Table S1).
3.1. Methotrexate, cyclophosphamide and azathioprine

Three small retrospective, single-center cohort studies [19–21]
have examined the cardiac effects of methotrexate when used as
an adjunct therapy with low-dose maintenance steroids [19], or a
prednisolone taper [20,21] for CS relapse due to poor response to
corticosteroid use or due to steroid-related adverse effects. In a
study by Yazaki et al. [19], use of methotrexate (7.5 mg orally
weekly) resulted in improved myocardial perfusion defects and
reduced myocardial uptake of 67Ga on PET in two out of seven
patients (28.6%). It was also associated with a significant decrease
in the average daily prednisone dose (Table S2), as well as a signif-
icant decrease in HbA1c, and triglyceride levels (Table 2). In a study
by Yokumatsu et al. [20], methotrexate use (initial dose of 6 mg per
week together with a prednisolone taper) in six patients followed
over a mean period of 17.3 months resulted in a significant reduc-
tion of 18F-FDG uptake in all cases with almost complete resolution
of FDG uptake in three patients (50%). There was also improvement
of left ventricular ejection fraction (LVEF) with an increase from
41.8% to 45.4% (level of significance not provided). In the latter
study, pneumonia was reported as an adverse event in one patient
(16.7%). A separate study which compared patients on methotrex-
ate and prednisolone (n = 10) versus prednisolone alone (n = 7)
showed that the combined regimen was associated with stabiliza-
tion of LVEF and NT-proBNP (N-terminal pro-brain natriuretic pep-
tide) over five years of follow-up, as opposed to the prednisolone
group which experienced a gradual drop in LVEF and eventual
increase in mean NT-proBNP which was statistically significant
[21]. Also, in a separate retrospective study of 25 patients receiving
methotrexate in addition to prednisone [22], methotrexate
resulted in a reduction and resolution of 18F-FDG uptake in 88%
and 60% of the total cases, respectively.



Table 2
Cardiac effects of non-steroidal treatments in cardiac sarcoidosis.

Author, year Non-steroidal treatment
studied

Other prior/concurrent treatments Study size
(n)

Follow-up
(months)

Cardiac outcomes

Synthetic disease-modifying antirheumatic drugs (sDMARD)
Yazaki et al,

2014 [19]
MTX [Concurrent]: maintenance

corticosteroids
7 N/A � PET: Improvement in myocardial perfusion or

decreased myocardial uptake of 67Ga was
observed in 2 patients (28.6%).

� Metabolic: HbA1c decreased from 7.6 ± 1.9 to
7.2 ± 2.0% (P < 0.05) and triglycerides from
226 ± 124 to 167 ± 118 mg/dl (P < 0.05).

Yokomatsu
et al,
2018 [20]

MTX [Concurrent]: prednisolone taper 6 mean: 17.3 � PET: Reduction of 18F-FDG uptake area in all
cases (6, 100%) with almost complete disap-
pearance in 3 (50%) cases. SUVmax also
decreased in all cases, the average index sig-
nificantly reduced from 11.70 to 5.08
(p = 0.002).

� LVEF: Mean LVEF increased from 41.8% to
45.4%.

Nagai et al,
2014 [21]

MTX [Concurrent]: prednisolone 10 (7
steroid-
only)

12, 36, 60 � LVEF: (Steroid-only vs MTX group) Baseline:
52.3 ± 6.07 vs 49.7 ± 6.9 (P = 0.46); 3 years:
44.5 ± 13.8 vs 60.7 ± 14.3 (P = 0.04); 5 years:
45.7 ± 15.5 vs 53.6 ± 13.3 (P = 0.350).

� NT-proBNP: (Steroid-only vs MTX group)
Baseline: 955.5 ± 551.9 vs 621.4 ± 444.9 pg/
mL (p = 0.16); 5 years: 2,839.5 ± 3,953.3 vs
494.5 ± 609.8 (p = 0.04).

Ballul et al,
2019 [23]

MTX (5, 41.7%), AZA (5,
41.7%), CP (2, 16.7)

[Concurrent]: corticosteroids 12 (24
steroid-
only)

median:
3.6 [range:
1–15.2]
months

� Clinical relapse (defined as reduced LVEF, 3rd
degree atrioventricular block, atrial/ventricu-
lar tachycardia, sudden cardiac death) was
6.7% (2/12) in the combined non-steroidal/
steroidal group versus 45.8% (11/24) in the
steroid-only group (p = 0.048)

Chapelon-
Abric
et al,
2017 [24]

CP (20, 57.1%), MTX (12,
34.3%), MMF (2, 5.7%),
cyclosporine A (1, 2.9% -
transplant)

[Concurrent]: corticosteroid taper 59 (35
treated
with
steroid-
sparing)

median: 60
(95% CI:
42–86)

� Clinical relapse (reappearance of abnormali-
ties on EKG, echocardiography and one other
imaging method on previously healed
lesions): The recovery rate was 75% (18/24)
for patients who received steroids alone ver-
sus 82.9% (29/35) for those who received ster-
oids plus non-steroidal treatment (11/12
cases with MTX and 17/20 cases with CP).

Fussner et al,
2016 [25]

MMF [Concurrent]: prednisone (32, 97%),
TNFi (2, 6%), cyclosporine (1, 3%)

33 median: 22
[IQR: 13–
104]

� Median time to worsening cardiomyopathy
(clinical and/or 10% decrease in LVEF):
28 months.

� Median time to ventricular arrhythmia:
11.5 months.

� Median time to the composite endpoint of
VAD, heart transplant, or death:
79 months.Three (9%) patients not receiving
VAD or transplant changed therapy for appar-
ent disease progression.

Griffin et al,
2018 [26]

MMF [Concurrent]: prednisone 25 (MMF),
12
prednisone
only

12 months
(n = 21,
84%)

� PET: Follow-up 18F-FDG PET in 19 patients in
the MMF group showed complete resolution
of inflammation in 6 (31.6%) and improve-
ment in 8 (42.1%).

� LVEF: mean delta[LVEF] was 6.95% in the
MMF group versus �2.2% in the steroid group
(p < 0.05).

� Arrhythmia: In the MMF group, 6 (24%)
patients had ventricular tachycardia and 6
patients had persistent advanced atrioventric-
ular block.

Biological disease modifying antirheumatic drugs (bDMARD)

Rosenthal
et al,
2019 [22]

MTX (25) ± ADA (19, if
persistent symptoms or
intolerance to MTX)

[Concurrent]: Prednisone taper 28 mean: 49.2
(±18)

� PET: MTX (+prednisone taper) led to reduc-
tion (88%) or elimination (60%) of 18F-FDG
uptake. ADA resulted in improved (84%) or
resolved (63%) 18F-FDG uptake. Radiologic
relapse occurred in 8/9 of the patients that
stopped immunosuppression, 4/25 of the
patients on MTX, and 0/19 patients on ADA.

� Arrhythmia: Three out of 19 patients who
remained on uninterrupted immunosuppres-
sion developed VT, while 3/9 who discontin-
ued immunosuppression developed VT after
interruption of therapy.

Sethi et al, MTX (15, 100%), ADA [Concurrent]: Corticosteroids (94%) 15 median: 24
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Table 2 (continued)

Author, year Non-steroidal treatment
studied

Other prior/concurrent treatments Study size
(n)

Follow-up
(months)

Cardiac outcomes

2018 [38] (added in 8 [53%]) � PET: All 53% patients who were started on
ADA had normalization of perfusion defects
which were still present when they were on
MTX. Stopping MTX early for non-compliance
or side effects led to recurrence of perfusion
defects in three (20%) patients.

� LVEF: The percentage change in LVEF was
45 ± 12.91%, 50.6 ± 11.4% and 50.9 ± 10.7%
at the initial and follow-up scans.

Estephan
et al,
2017 [27]

IFX (8, 53.3%), ADA (1,
6.7%), MMF (7, 46.7%), AZA
(2, 13.3%)

[Concurrent]: Prednisone (14, 93.3%) 15 (9 [60%]
with PET
follow-up)

6–
12 months

� PET: Marked improvement or resolution of
the hypermetabolic activity (myocardial 18F-
FDG uptake) in all 9 patients (100%)

Kandolin
et al,
2017 [28]

IFX [Prior]: Steroids (9, 100%), MTX or AZA
(n = 8, 88.9%)

9 mean: 14.8
[range: 4–
37]

� PET: In all three patients with a follow-up 18F-
FDG-PET study there was no myocardial 18F-
FDG activity.

� LVEF: no change as measured by echocardio-
graphy (p = 1.00).

� Arrhythmia: One patient (11.1%) had sus-
tained VT during the treatment.

� NT-pro-BNP: decreased from 1600 (53–8000)
ng/L to 1165 (37–5500) ng/L (p = 0.042).

Kowlgi et al,
2019 [29]

IFX [Prior]: steroids ± steroid-sparing
agents: MTX (70%), AZA (25%) and HCQ
(10%)

27 21 [12.5–
35.5]

� PET: at 25 (14–33) months there was
decreased uptake in 74% of the pts.

� LVEF: Median baseline LVEF was 49 (35–55)
versus 49 (44–55) at follow-up (p = 0.49).

� Arrhythmia: Ten-fold reduction in VT after
IFX initiation (37.0% to 3.7%; p = 0.03).

Chapelon-
Abric
et al,
2015 [30]

IFX [Prior]: CP (13, 81.3%), MTX (11,
68.8%), MMF (5, 31.3%), AZA (1, 6.3%),
ETN (1, 6.3%)

16 (4 with
CS)

median: 57
[range: 2–
91]

� MRI: Gadolinium-enhanced MRI demon-
strated remission of cardiac involvement in
4/4 patients with cardiac involvement prior
to initiation of IFX

Harper et al,
2019 [31]

IFX [At IFX initiation] steroids (32, 88.9%),
MTX (25, 69.4%), leflunomide (9, 25%),
AZA (1, 2.8%), HCQ (2, 5.6%)

36 6 (in 35/36,
97.2%), 12
(in 29/38,
76.3%)

� LVEF: 41% [IQR: 32–55, n = 31] at baseline
versus 41% [IQR: 35–54, n = 28] at 6 months
(p = 0.43)

� Arrhythmia: VT from 32% (8/25) at baseline
to 21.7% (5/23) at 6 months (p = 0.07), high-
degree heart block from 28% (7/25) at base-
line to 26.1% (6/23) (p = 0.37).

Cundiff et al,
2019 [32]

IFX (8, 88.9%), ADA (1,
11.1%)

[Prior]: steroids (8, 88.9%) 9 mean: 7 � PET: Number of LV myocardial segments with
active CS decreased from 8.6 ± 3.6 to 1.9 ± 3.5
(p = 0.001) - Complete resolution of active CS
in 6 (66.7%), partial in 2 (22.2%).

� LVEF: no significant change (45 ± 15% to
50 ± 11% after therapy, p = NS).

Sinokrot
et al,
2019 [33]

IFX [Prior]: prednisone (5, 100%), MTX (4,
80%), HCQ (1, 20%)

5 mean: 12
(±6)

� PET/MRI: Cardiac involvement decreased
from 37.9% ± 10.7% to 28.7% ± 8.7% (p = 0.001)

� LVEF: increased from 25 ± 10% to 35 ± 10.5%
(p = 0.3).

Devraj et al,
2020 [34]

ADA (7, 58.3%) IFX (4,
33.3%) and RXM (1, 8.3%%)

[Prior]: prednisone (12) 12 N/A � PET: Myocardial uptake on PET decreased in
9/12 (83%) 3 are awaiting imaging

Puyraimond-
Zemmour
et al,
2017 [35]

IFX (24, 96%), ETN (1, 4%) [Prior]: MTX (24, 96%), CP (12, 48%),
AZA (8, 32%), and MMF (6, 24%)

25 50.7 � Clinical response (complete and partial
response defined in improvement in all three
or one-two of the following: a) clinical symp-
toms; b) BNP levels; c) cardiac imaging find-
ings): nine (36%) patients were complete
responders, 12 (48%) partial responders and
four (16%) non-responders. Two (8%) had a
CS relapse and were treated by a second
course of TNFi with good response.

Jamilloux
et al,
2017 [15]

IFX (120, 91%), ADA (8, 6%),
ETN (3, 2%), CZP (1, 1%)

[Prior]: Steroids (n = 113, 85.6%), MTX
(n = 81, 61.4%), AZA (n = 10, 7.6%),
MMF (n = 6, 4.5%)

132 (28
with CS)

20.5 [IQR
8–48]
months

� ePOST [40]: for cardiac involvement (n = 28):
Decrease in ePOST from 2.52 to 2.02
(p = 0.015)

Krause et al,
2016 [41]

RXM [Concurrent]: prednisone (all), MTX
(20%)

5 Median:
9.6 (range
2.4–22.8)

� PET: Decreased 18F-FDG uptake seen in all 5
patients (100%).

� LVEF: Three patients (60%) had improvement
in LVEF (from 26% to 54%, 33% to 47%, and 32%
to 40%), one (20%) had stable LVEF and in one
(20%) LVEF fell from 45% to 28%.

Baker et al,
2019 [37]

IFX (20, 26%)ADA 10 (13%)
Golimumab 1(1%)

[Concurrent/prior prednisone (69),
MTX alone (2) , [Concurrent} MTX 55
(71%), AZA 8(10%), HCQ 5 (7%), MMF 4
(5%), Leflunomide 2 (3%)

77 (20 of
these used
TNF alfa
inhibitors

Mean
4.8 years

� Imaging: Resolution of disease activity
within 12 months

Gilotra et al,
2020 [39]

IFX (30, 79%)ADA (8, 21%) [Prior]: steroids (38, 100%), SSA (37,
99%)

38 486 (IQR
405 days)

(continued on next page)
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Table 2 (continued)

Author, year Non-steroidal treatment
studied

Other prior/concurrent treatments Study size
(n)

Follow-up
(months)

Cardiac outcomes

� PET: 30/38 had a pre and post FDG scan. 16/
30 (53%) had complete resolution of FDG
uptake. 6/30 (20%) had improvement, 6/30
(20%) were stable, 2/30 (6.7%) were worse

� LVEF: no significant change before and after
treatment. 7/38 (18%)had an absolute
increase in LVEF of 10% or greater. 1/38
(2.6%) had a decrease in absolute LVEF of
more than 105)

� Arrythmias: 3/38 (7.9%) had new events after
treatment

Injean et al,
2019 [36]

IFX (3,21%)MMF (1,7%)
Steroids (10, 78%)AZA (5,
36%)MTX (3, 14%)HCQ (1,
7%)Tacrolimus (1, 7%)

N/A 14 N/A � LVEF: Thirteen patients (93%) demonstrated
improvement in LVEF or stability.

ADA: adalimumab; AZA: azathioprine; (NT-pro)-BNP: N-terminal pro-brain natriuretic peptide; CP: cyclophosphamide; CS: cardiac sarcoidosis; CZP: certolizumab pegol;
EKG: electrocardiogram; ePOST: extrapulmonary physician organ severity tool; ETN: etanercept; FDG: fluorodeoxyglucose; HCQ: hydroxychloroquine; IFX: infliximab; IQR:
interquartile range; MMF: mycophenolate mofetil; MRI: magnetic resonance imaging; MTX: methotrexate; N/A: not available; PET: positron emission tomography; RXM:
rituximab; TNF(i): tumor necrosis factor (inhibitor); VAD: ventricular assist device.
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Two retrospective single-center cohort studies from France
have looked at methotrexate and/or the addition of the synthetic
disease-modifying antirheumatic drugs (sDMARDs) azathioprine
and cyclophosphamide as adjunct therapies to corticosteroids. In
a study by Ballul et al. [23], 12 patients receiving steroid-sparing
treatment with methotrexate (15–20 mg/week; n = 5, 41.7%), aza-
thioprine (2 mg/kg/day; n = 5, 41.7%) or cyclophosphamide
(0.7 mg/m2 every 4 weeks for 24 weeks; n = 2, 16.7%) were com-
pared to 24 patients receiving steroid-only therapy. Over a median
follow-up of 3.6 months, clinical relapse (defined as LVEF reduc-
tion, 3rd degree atrioventricular block, atrial/ventricular tachycar-
dia or sudden cardiac death) was seen in 6.7% of the sDMARD
group versus 45.8% of the steroid-only group (p = 0.048). Severe
infections were seen in 16.7% of patients in each study group
(p = NS). Similarly, in a study by Chapelon-Abric et al. [24], use
of cyclophosphamide (500–700 mg/m2/month intravenously,
n = 20, 57.1%) followed by standard therapy with methotrexate
(0.3 mg/kg/week) with a steroid taper also resulted in a higher car-
diac recovery (absence of cardiac clinical symptoms and normal-
ization of all abnormal baseline examinations: ECG, Holter
monitor, echocardiogram, other cardiac imaging) rate (n = 29/35;
82.9%) compared to the steroid-only group (n = 18/24; 75%). No
severe infections or other adverse events such as liver function test
abnormalities were reported.
3.2. Mycophenolate mofetil (MMF)

Evidence on the use of MMF in the treatment of CS comes from
two retrospective studies. One retrospective study of 33 patients
who received MMF in addition to prednisone (n = 32, 97%), TNF
inhibitors (n = 2, 6%) or cyclosporine (n = 1, 3%) [25] use of MMF
allowed twenty (of 32, 63%) to be tapered off prednisone. After ini-
tiation of MMF, the median survival without the composite end-
point of ventricular-assist device, transplant or both, was
79 months suggesting benefit in immunosuppression [25]. A sec-
ond study [26], compared 25 patients receiving MMF with pred-
nisone to 12 patients on prednisone alone. Twelve month follow-
up was available in 21 patients and demonstrated beneficial effects
on cardiac function (mean delta[LVEF] of 6.95% in the MMF group
versus �2.2% in the steroid-only group, p < 0.05), and follow-up
18F-FDG-PET in 19 patients in the MMF group showed complete
resolution of inflammation in six (31.6%) patients and partial
improvement in eight (42.1%) patients. Adverse events for
8

sDMARDs include infection, diabetes, cytopenias (with MMF), rash,
and tremor (Table S2).
3.3. TNF inhibitors (infliximab, adalimumab, etanercept)

Anti-TNF agents are increasingly used biological agents in the
management of CS according to our review of the literature and
knowledge of expert centers’ clinical practice. Most studies have
focused on infliximab [15,27–37] a chimeric monoclonal antibody
biologic which acts by binding TNF-a, and adalimumab, a fully
human monoclonal antibody [15,22,27,32,34,36–38].

All studies reporting on TNF inhibitors were retrospective
cohort studies, with TNF inhibitors used as second, third, or even
fourth line treatments following the failure of corticosteroid- or
sDMARD-based regimens [15,22,27–36,38,39], as summarized in
Tables 1 and 2. Infliximab was often started at a dose of 3–5 mg/
kg at weeks 0, 2 and 6, followed by a dose of 5 (less frequently
7.5 or 10) mg/kg every 4–8 weeks [15,28,30,31] (Table S2). Where
reported, adalimumab was given at a dose of 40 mg subcuta-
neously every other week [15,22]. TNF inhibition was associated
with a subsequent reduction (or resolution) in myocardial inflam-
mation assessed by 18F-FDG PET [22,27–29,32,34,39], normaliza-
tion of perfusion defects [38], significant decrease in NT-proBNP
[28], remission of cardiac involvement by gadolinium-enhanced
cardiac MRI [30,33] as well as by a decrease in the cardiac extra-
pulmonary physician organ severity tool (ePOST) score [15,40]
and mean dose of corticosteroids used [30,31,33,35]. Effects on left
ventricular function were less consistent, with most studies
demonstrating no significant change in LVEF, including the largest
series by Gilotra et al. [28,29,31–33,39], while others showed a
modest longitudinal increase [38] (Table 2). Finally, some studies
also suggest beneficial effects on arrhythmic burden [39], with a
study by Kowlgi et al reporting a ten-fold reduction in ventricular
tachycardia after initiation of infliximab [29], while other small
studies reported similar decreases which did not reach statistical
significance [22,28,31]. Reported adverse events while on TNF inhi-
bitors (Table S2) included infections (pulmonary infections, pro-
statitis, aspergillosis, atypical mycobacterial disease, bacterial
sepsis, multiviral reactivation, uterine infection, C. difficile infec-
tion, shingles, disseminated cryptococcus infection), elevated liver
enzymes, pancytopenia, leukoencephalopathy, decompensated
heart failure, and cardiac arrest [15,28,30–32,35].



Table 3
Cardiac involvement at baseline.

Author, year Cardiac sarcoidosis definition LV dysfunction
(n, %)

Arrhythmias (n, %) High-grade
atrioventricular
block (n, %)

Pacemaker/ICD (n,
%)

Ballul et al,
2019 [23]

Heart Rhythm Society consensus
criteria [1]

LVEF < 50%: 6
(50%)

4 (33.3) with sustained AT/VT 3 (25%) Pacer/ICD in 22.2%/
13.9% of the total
population

Baker et al,
2019 [37]

Heart Rhythm Society consensus
criteria

LVEF < 50%
(80%)

11 (55%) 7 (35%) N/A

Chapelon-Abric
et al, 2015
[30]

International criteria [16] N/A N/A N/A N/A

Chapelon-Abric
et al, 2017
[24]

International criteria [16] 38 (64.4%) with
LV dysfunction

17 (28.8%) with ventricular arrhythmias 15 (25.4%) for AV
block

N/A

Cundiff et al,
2019 [32]

N/A LVEF
(mean ± SD):
45 ± 15%

N/A N/A N/A

Devraj et al,
2020 [34]

N/A N/A 3 (25%) with ventricular arrhythmias 1 (8.3%) N/A

Estephan et al,
2017 [27]

Biopsy-proven sarcoidosis with
cardiac PET imaging for cardiac
involvement

N/A N/A N/A N/A

Fussner et al,
2016 [25]

Heart Rhythm Society consensus
criteria [1]

LVEF < 40%: 17
(52%)

11 (33%) with ventricular arrhythmias 12 (36%) N/A

Gilotra et al,
2020 [39]

Heart Rhythm Society consensus
criteria or Japanese imaging
criteria

48.5% 13 (34%) 5 (13%) 27 (71%)

Griffin et al,
2018 [26]

N/A LVEF < 50%: 22
(88%) vs 8
(66.7%)

8 (32%) vs 1 (8%) with VT 7 (28%) vs 2
(16.7%)

N/A

Harper et al,
2019 [31]

WASOG criteria [17] LVEF < 30%: 6
(16.7%)

8 (22.2%) with VT 7 (19.4%) 4 (11.1%) with
pacing

Injean et al,
2019 [36]

Heart Rhythm Society consensus
criteria

N/A 15% 29% N/A

Jamilloux et al,
2017 [15]

N/A N/A N/A N/A N/A

Kandolin et al,
2017 [28]

Biopsy-proven LVEF
(mean ± SD):
44 ± 12.7%

2 (22.2%) with PVC’s 4 (44.4%) N/A

Kowlgi et al,
2019 [29]

N/A N/A 10 (37%) with VT 11 (41%) with
CHB

N/A

Krause et al,
2016 [41]

Endomyocardial biopsy or biopsy
of different organ plus consistent
cardiac imaging

N/A N/A N/A [ICD in all during
follow-up]

Nagai et al,
2014 [21]

Japanese Society of
Sarcoidosis and Other
Granulomatous Disorders criteria
[50]

LVEF < 50% (4,
40%)

N/A 6 (60%) with
unspecified AV
block

8 (80%) on
pacemaker

Puyraimond-
Zemmour
et al, 2017
[35]

Heart Rhythm Society consensus
[1]

9 (36%) had
heart failure or
chest pain

~18 (72%) had abnormal findings on EKG ~18 (72%) had
abnormal
findings on EKG

N/A

Rosenthal et al,
2019 [22]

Japanese Society of Cardiology
expert consensus diagnostic
criteria [18]

11 (39.3%) with
heart failure

8 (26.6%) with atrial arrhythmias, 18 (64.3%) with
sustained VT/VF, 10 (35.7%) with NSVT, 4 (14.3%)
with cardiac arrest

11 (39.2%) 26 (92.9%) with
ICD/pacer

Sethi et al, 2018
[38]

N/A N/A N/A N/A N/A

Sinokrot et al,
2019 [33]

N/A N/A N/A N/A N/A

Yazaki et al,
2014 [19]

N/A N/A N/A N/A N/A

Yokomatsu
et al, 2018
[20]

N/A mean LVEF:
41.8%

N/A N/A 1 (16.7%) with
pacer, 2 (33.3%)
with CRT-D

CRT-D: cardiac resynchronization device-defibrillator; EKG: electrocardiogram; ICD: implantable cardioverter-defibrillator; LVEF: left ventricular ejection fraction; PVC:
premature ventricular contraction; SD: standard deviation; (NS)VT: (non-sustained) ventricular tachycardia; VF: ventricular fibrillation; WASOG: World Association of
Sarcoidosis and Other Granulomatous Diseases.
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3.4. Rituximab

Rituximab, a chimeric monoclonal antibody against the protein
CD20 which is primarily found on B cells, has also been used in the
management of CS cases that have failed treatment with
steroids ± sDMARDs or anti-TNF inhibitors, such as infliximab
9

[41]. In a retrospective single-center cohort of five patients who
received rituximab (at a dose of 1000 mg intravenously two weeks
apart for a total of two doses) and were followed over a median
period of 0.8 years (range: 0.2 to 1.9 years), rituximab use was
associated with decreased 18F-FDG uptake in all five patients
(100%), improved LVEF in three patients (60%), no change in LVEF



Table 4
Ongoing clinical trials of non-steroidal treatments in cardiac sarcoidosis.

Clinical trial ID Sponsor
location

Status Expected
completion
date

Study
size

Study type Intervention studied Comparator Primary
outcome
measure

Secondary outcome
measures

Eligibility criteria

Interleukin-1 Blockade
for Treatment of
Cardiac Sarcoidosis
(MAGiC-ART) [48]

NCT04017936 Va, USA Not
recruiting
yet

12/2023 28 RCT (double-
blind)

Anakinra Placebo Change
in CRP at
28 days

Change in cardiac PET
uptake, LGE on MRI,
hospitalizations/cardiac
deaths at 28 days

Adults 21 years or older
with a clinical diagnosis
of cardiac sarcoidosis
according to the Heart
Rhythm Society criteria
- Cardiac 18F-FDG uptake
on recent PET (performed
within the prior month).
- CRP high-sensitivity
assay > 2 mg/l.

Cardiac Sarcoidosis
Randomized Trial
(CHASM-CS-RCT)
[47]

NCT03593759 Ottawa,
Canada

Recruiting 12/2023 194 RCT (open-
label, non-
inferiority,
with blinded
end-point
analysis)

Methotrexate + folic
acid + prednisone
taper

Prednisone
0.5 mg kg/day
for 6-months
(max dose
30 mg per day)

SPRS on
18F-FDG-
PET at
6 months

Mortality,
cardiovascular
hospitalizations,
medication-related
adverse events, QoL
metrics and others at
6 months

Adults 18 years or older
with CS and >=1 of the
following: high-degree AV
block, NSVT, sinus
dysfunction, ventricular
dysfunction & no
alternative explanation
for clinical features; & 18F-
FDG-PET uptake
suggestive of active CS
within two months of
enrollment (confirmed by
PET core lab read)

Japanese Antibacterial
Drug Management
for Cardiac
Sarcoidosis (J-
ACNES) [49]

UMIN000025936 Osaka,
Japan

Active – 80
minimum

A
multicenter,
open-label
RCT

Standard
corticosteroid
therapy plus
antibacterial drug
therapy

Standard
corticosteroid
therapy

Change
in 18F-
FDG-PET/
CT SUV at
6 months

Efficacy, prognosis and
safety endpoints

Adults 20 years or older
with CS according to the
Japanese Society of
Sarcoidosis and Other
Granulomatous disease
(JSSOG) 2015 criteria with
cardiac histopathological
findings or with
histopathological findings
of other organs (skin or
lung) and clinical signs of
cardiac involvement &
abnormal cardiac uptake
on 18F-FDG-PET or
gallium-67 scintigraphy

AV: atrioventricular; CRP: C-reactive protein; CS: cardiac sarcoidosis; CT: computed tomography; FDG: fluorodeoxyglucose; NSVT: non-sustained ventricular tachycardia; PET: positron emission tomography; RCT: randomized
controlled trials; SPRS: summed perfusion rest score; SUV: standardized uptake values.
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in one patient (20%) and a drop from an LVEF of 45% to 28% in one
patient (20%), with no reported adverse events [41]
3.5. Risk of bias assessment

All studies were found to be at moderate to high risk of bias
given their retrospective nature, missing data, incomplete follow-
up, lack of an appropriate comparator group and absence of a
pre-defined research protocol (Table S3).
4. Discussion

Our systematic review demonstrates that steroid-sparing
immunosuppressive agents, such as sDMARDs and bDMARDs are
widely used as second- or third-line treatment options in the man-
agement of CS and in some cases, as first-line therapy in combina-
tion with corticosteroids. This may be due to treating clinicians’
assessment of corticosteroid treatment failure or as alternative
agents when there are adverse effects or contraindications to ster-
oid use. More importantly, our systematic review highlights a ser-
ies of points related to the use of these agents, including significant
variations in treatment and monitoring protocols and variable out-
comes used to judge their effectiveness.

Corticosteroids remain the cornerstone of anti-inflammatory
management in patients with CS and imaging or biopsy evidence
concerning for myocardial inflammation.[9] In all included studies,
sDMARDs and bDMARDs were studied in combination with ster-
oids or as second or higher-line treatments after therapeutic failure
or due to intolerance to corticosteroid use. Not surprisingly, the use
of steroid-sparing agents was associated with a reduction in the
maintenance steroid dose used.

sDMARDs, such as methotrexate [19–24] seem to be the pre-
ferred second-line treatment option based on the number of pub-
lications describing case series with these agents. However, in our
experience, we recommend considering concomitant use of
methotrexate (or other sDMARDs) and steroids in complicated
cases (i.e., moderate left ventricular dysfunction, large myocardial
scar burden, high arrhythmic burden or in those anticipated to
require long-term corticosteroid use). Alternative agents that have
been used include hydroxychloroquine, azathioprine, cyclosporine,
MMF and leflunomide [42], though these are much less studied for
the treatment of CS. In cases of therapeutic failure, adverse effects
or contraindications to their use, targeted bDMARDs, usually TNF
inhibitors, such as infliximab or adalimumab have been used
[15,22,27–35,38]. Although TNF inhibitors are traditionally con-
traindicated in patients with heart failure, TNF inhibition may be
a reasonable therapeutic target in sarcoidosis-induced cardiac dys-
function where myocardial inflammation is the basis of the
mechanical cardiac dysfunction [43]. Although a less studied
option, rituximab has been used in patients that have failed multi-
ple lines of therapy. Newer agents, such as tofacitinib, a Janus
kinase (JAK) inhibitor and tocilizumab, a human IL-6 receptor
monoclonal antibody, merit further study in CS given beneficial
effects on extracardiac disease [44].

Imaging studies suggest that most of these treatments seem to
be effective in reducing myocardial inflammation as assessed by
cardiac PET. The use of 18F-FDG PET [45,46] is now recognized as
a useful tool in guiding both the initiation and de-escalation of
immunosuppressive therapies in these patients [10,11]. With
regards to myocardial function, retrospective studies without con-
trol groups have mostly shown stable LVEF values over the dura-
tion of follow-up. One study comparing methotrexate use with
prednisolone versus prednisolone alone suggests that methotrex-
ate use may prevent ventricular decompensation, such as a signif-
11
icant drop in LVEF or rise in NT-proBNP as seen in the steroid-only
group over a period of three to five years [21].

While there is an absence of completed randomized controlled
trials (RCT) for CS, some are under way (Table 4). Until these trials
are completed and published in several years, data on the use and
safety profile immunosuppressive treatment of CS will be limited
to retrospective observational studies in CS or from experience
with the same agents in other more prevalent conditions such as
rheumatoid arthritis. The retrospective nature of the literature on
CS therapy raises concern for ascertainment and selection bias.
Moreover, within the observational studies, the decision to initiate
a specific therapeutic regimen and deploy imaging modalities and/
or Holter/EKG for longitudinal monitoring was guided by the clin-
ical course of each patient and local institutional practices, which
resulted in incomplete follow-up and missing data that is poorly
amenable to formal quantitative meta-analysis.
5. Study limitations

Several limitations of our study require mention. First, a formal
meta-analysis was not pursued because most of the studies
included were retrospective and single-center, and there were no
randomized-control trials on this topic. Because of the small num-
ber of sites publishing on their treatment strategies, we also found
that there may be an overlap in patients included in studies of
sDMARDs versus bDMARDs, further limiting the analysis. More-
over, though we did search for unpublished articles and conference
proceedings, 13 out of 20 (Table 1) were published abstracts with-
out accompanying full publications, thus limiting the extent of
available information and description of the methodology fol-
lowed. Another important limitation is the small number of
patients reported receiving non-steroidal treatment, which make
these results and dosages, not generalizable. Lastly, we found that
there is also limited data on hard endpoints, such as mortality,
among patients treated with various immunosuppressant agents.
6. Conclusion

This systematic review shows two key points. First, steroid-
sparing medications, including synthetic and biological agents,
are widely used as second- or third-line agents in the management
of refractory CS without standardization. Second, there is high vari-
ability in the use of steroid sparing immunosuppressive drugs as
adjunctive or combination treatment for CS. In about 35% of the
studies reviewed, MTX was the most commonly studied sDMARD
with a dose ranging between 6 and 20 mg per week. IFX was the
most common bDMARD studied. Overall, the evidence for their
use among patients with CS is limited to retrospective observa-
tional case series and cohort studies, most of which were found
to be at high risk of bias. However, RCTs are currently underway
to provide more concrete evidence on the use of immunosuppres-
sive therapies in CS patients (summarized in Table 4), such as
methotrexate [47], anakinra [48], as well as antibacterial therapies
targeting Propionibacterium acnes [49], a potential etiologic agent
of CS. Such studies must overcome several obstacles, including
the low number of CS cases and associated events requiring
multi-center collaborations to achieve adequate power, or reliance
on surrogate measures, such as a change in circulating inflamma-
tory markers or imaging findings.

In the absence of high-quality evidence from randomized con-
trolled trials, treatment decisions rely on the comprehensive
assessment of each patient’s history and cardiac profile as further
guided by longitudinal imaging (e.g. with 18F-FDG PET) for the
appropriate and timely deployment of immunosuppressive
medications.
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