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ABSTRACT

Background: We aimed to compare the efficacy of steroids a@lam associated with
immunosuppressive drugs for the prevention of mddp cardiac sarcoidosis (CS).

Methods. In this monocentric multidisciplinary retrospeeti single center study, all
consecutive patients with histologically provencséstosis hospitalized from January 2012 to
December 2016 were considered. All patients withnpmatic CS were studied. Patients
received steroids or steroids plus immunosupprestings (I1S) for CS treatment at diagnosis.
The efficacy of each treatment strategy (steroglsteroids + I1S) was assessed by the cardiac
relapse rate over follow up.

Results 326 consecutive patients with histologically provearcoidosis were screened.
Among them, 36 (11%) had symptomatic CS (20 (55.6%i), median age at diagnosis 48.5
[22.8-76]). Twenty-four patients received stercaasl 12 received steroids + IS (azathioprine
n=5, methotrexate n=5, cyclophosphamide n=2) ati@gnosis. Over a median follow up of
3.6 [1-15.2] years, 13 (36.1%) patients sufferedaadiac relapse including reduced left
ventricular ejection fraction (LVEF, n=4), third glee heart block (n=2), atrio-ventricular
(n=1) or ventricular (n=1) tachycardia and suddardiac death (n=1). Except for a higher
frequency of black patients in patients receiviBgCS features at diagnosis and median time
to relapse did not significantly differ betweenipats who did or did not receive IS. Relapse
rate was 45.8% in the steroids group versus 16u/8tei steroids+IS group (p=0.048).
Conclusions In cardiac sarcoidosis, the combination of stgoiith immunosuppressive

drugs might reduce the risk of cardiac relapseoaspared to steroids alone.
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1. INTRODUCTION

Sarcoidosis is a multisystem granulomatous disedsanknown cause characterized by
noncaseating granulomia Symptomatic cardiac features are reported in %1 patients
with sarcoidosis, with a wide range of clinical rniastations, including congestive heart
failure, conduction block or cardiac arrhythmiasl &eart involvement is the leading cause of
death in sarcoidosfs’. Corticosteroids therapy, although untested imloanized clinical trial,

is the mainstay of treatment for cardiac sarco&l¢8iS)®’ . Immunosuppressive drugs, such
as methotrexate, azathioprine or cyclophosphanmdee also been used in the treatment of
severe sarcoidosis, but specific data in CS aréelihf’". We conducted a single center
collaborative retrospective study to compare tlieafy of steroids alone or combined with

immunosuppressive drugs in preventing CS relapses.

2. METHODS (see supplementary materials for details)

2.1. Patients
All consecutive adults patients hospitalized ovds-gears period with histologically proven
sarcoidosis from our tertiary referral universitpspital were retrospectively reviewed.
Patients with symptomatic heart involvement werduded using CS definition according to
the Heart Rhythm Society (HRS) criteffa Cardiac sarcoidosis relapse was defined by the
onset of a new CS manifestation. The local ethacenittee approved the study (Institutional

Review Board IRB 00006477 of HUPNVS, Paris 7 Unsitgy AP-HP).

2.2.Data collection
International Classification of Disease code (IQI)-for sarcoidosis (D86) was used for

screening.



2.3. Statistical analysis
The primary outcome feature was cardiac relapgefrai the CS diagnosis over follow up.
Comparisons between patients with and without eardiarcoidosis relapse and between
patients who did or did not receive immunosuppxessirugs (IS) were made using Mann—
Whitney tests for continuous variables and “Cbi Fischer exact tests for categorical
variables. Kaplan-Meier method was used to reptesardiac relapse according to the

treatment (i.e. with or without IS) initiated atrdec sarcoidosis diagnosis.

3. RESULTS
3.1. Patients’ characteristics at cardiac sarcoidosis dgnosis

From January 2012 to December 2016, 326 consecygateents were admitted with

histologically proven sarcoidosis. Among them, 36%) suffered from symptomatic cardiac
sarcoidosis (Figure S1). Twenty patients (55.5%)ewaale and 26 (72.2%) were black. The
median age at sarcoidosis diagnosis was 48.5 [&).8The delay between sarcoidosis
diagnosis and heart involvement was 1.6 [0-32.2fyevith 17 (47.2%) patients displaying a
cardiac manifestation of sarcoidosis at sarcoidadiesgnosis. In addition to cardiac

involvement, patients had a median of 2 [1-6] oggyaffiected by the disease, including lung
in all cases. Eight (22.2%) patients were alreagheiving steroids (prednisone, 14 [5-30]

mg/d) at CS diagnosis.

3.2. Cardiac sarcoidosis
The symptoms and signs that revealed cardiac shrsisi were unexplained dyspnea (n=2,
5.5%), palpitation (n=5, 13.9%), syncope (n=5, ¥d.9chest pain (=13, 36.1%) and/or

abnormal EKG (n=26, 72.2%) consistent with atriatfricular tachycardia (n=9, 25%),



advanced atrioventricular block (n=12, 33.3%) oBE/<50% (n=13, 38.9%) identified after
further investigations.

At CS diagnosis, all patients received high doseogds (prednisone, 60[20-100] mg/d) alone
(n=24) or associated with immunosuppressive drifgk (0=12) including oral azathioprine
(n=5), oral methotrexate (n=5) or intravenous cyhlmsphamide (n=2). Azathioprine was
given at 2ng/kg/day. Methotrexate was given at 15 to 20 mgkv&€yclophosphamide was
given at 0.7mg/mevery 4 weeks for 24 weeks. Methylprednisone immaus pulses were
administered in 9 (25%) cases. Pacemaker or imgidétcardioverter defibrillator (ICD)
insertion was required in 8 (22.2%) and 5 (13.9%iigmts, respectively. Characteristics of

patients are listed in Table 1.

3.3. Outcome

Over a median follow up of 3.6 [1-15.2] years, BB.0(%) patients suffered CS relapse. All
patients were still receiving specific treatmeneisids alone or steroids and IS for 1.5 [0.5-
6.8] years) at time of relapse. Relapse were seiwveraost cases (69.2%, 9/13) including
reduced LVEF (n=4), third degree heart block (n=&)stained atrio-ventricular (n=1) or
ventricular (n=1) tachycardia and sudden cardiathdén=1). In 4 cases, cardiac relapse was
defined by the occurrence of left ventricular dyslgia associated with myocardial FDG
uptake on cardiac PET.

Interestingly patients who had cardiac relapse weoge frequently male (p=0.052), less
frequently black (p=0.008) and less frequently tedawith immunosuppressive drugs
(p=0.085) as compared with patients who did naips¢ (Table S1). In the same line, the
frequency of cardiac relapse was lower in pati¢rdated with steroids and IS at cardiac
sarcoidosis diagnosis (16.7%) than in patientstateavith steroids alone (45.8%; p=0.048)

(Table 1). Among the 9 patients who experienceceisecardiac relapse, 7 (77.8%) were



treated by steroids alone. Although the frequenicplack patients was higher in patients
receiving 1S (p=0.014), CS features at diagnosisrdit differ between patients who did or
did not receive IS (Table 1). In Kaplan-Meier as#édy treatment with steroids alone tended to
be associated with a higher risk of cardiac relgptie 2.961, 95% CI 0.66-13.48; log-rank
p=0.141) (Figure 1).

In patients receiving steroids alone (n=11/13, 8d cardiac relapses), treatment of relapse
associated increased of prednisone daily dose mitidtion of IS in all cases including
cyclophosphamide (n=5), methotrexate (n=4), azptine (n=1) and mycophenolate mofetil
(n=1). In patients receiving steroids and IS (n32/15.4%) at time of cardiac relapse,
treatment was modified by increasing prednisondydaose and switch (mycophenolate
mofetil instead of methotrexate) IS. In additioacpmaker and ICD were inserted in 1 and 3
patients at cardiac relapse, respectively. AtVast, for a median follow up of 3.6 [1-15.2]
years, patients had received 3.1 [1-12.8] yearstefoids overall. Thirty (88.2%) and 21

(58.3%) patients were still treated by steroids E)despectively.

3.4. Adverse events
Severe infection occurred in 6 (16.7%) patient&l®l7%) in patients receiving steroids alone
and 2 (16.7%) in patients receiving steroids and li$ections were mainly respiratory
(undocumented bronchitis and pneumonia) and no rtymstic infections were reported.
Four (16.7%) patients receiving steroids alone &u(@5%) receiving steroids and IS patients
developed diabetes mellitus. One patient (sterarts IS) developed cardiovascular events.
No patients had cancers during follow up. Two (8.3f4tients receiving steroids alone died:
1 from severe influenza (n=1) and 1 from suddeuwliaardeath related to CS relapse (n=1).

One (8.3%) patient receiving steroids and IS diethfsevere undocumented infection.



4. DISCUSSION

Our single-center study of sarcoidosis patient$1wigmptomatic heart involvement shows
that 1-the frequency of cardiac relapse overtimdigh, 2- cardiac relapse may be life-
threatening and 3- the association of steroidsl@rslarted at CS diagnosis may have a better
efficacy on cardiac relapse than steroids aloneodmbest knowledge, no other study has
addressed specifically the impact of adding immuppsessive drugs to high-dose steroids
on CS outcome.

Symptomatic heart involvement has been reportédton10% of patients, consistent with the
11% prevalence observed in our 326 consecutiveeigatiwith biopsy-proven sarcoidosis.
Differences in prevalence and severity of sarcagdbave been linked to age, sex and ethnic
origin ** In our series CS patients were mostly male aadkblWhile cardiac sarcoidosis
manifestations range from asymptomatic electroogrdiphic changes to sudden death, our
series included only symptomatic CS patients. Altitoisolated cardiac sarcoidosis has been
reported™, all patients in our study had evidence of exaediac disease and almost half had
cardiac involvement at sarcoidosis diagnosis.

The frequency of symptomatic cardiac relapse wgs [86.1%) and consistent with previous
reports***> Randomized trials are lacking and no consensissseamong experts regarding
the treatment of C&. Although evidence-based data are poor, ster@hply is considered
mandatory®’***’ Immunosuppressive agents are usually considevedsteroid-resistant
cases or as a steroid-sparing stratégyA prospective study of 17 patients with a 5 years
follow up reported benefit from the associatiorst#roids and low dose methotrexate on CS
relapse defined on subclinical parametEtsMore recently, a single-center cohort of 73
patients identified the use of mycophenolate mbfetatment as associated with improved

CS survival on univariate analysi® Our comparative study is the first to report te t



benefit of high-dose steroids and IS combinati@rtet at diagnosis for clinically apparent
CS.

Our study has several limitations. Its retrospecgcheme from a single center and the small
sample size limit the statistical power and imptdeability to generalize the findings. Since
CS is rare, proper randomized trials are howeveeedingly difficult to mount. Although the
main clinical characteristics of the 2 groups dfigrs were not significantly different (Table
1), IS may have been added to steroids in patieititsmore severe disease, as suggested by a
higher frequency of black patients and patientshwiduced LVEF both known to be
associated with impaired outcom&®**2° with such a bias, a worse outcome would have
been expected in the more severe patients treatedSv In contrast, a lower relapse rate was
significantly associated with combined steroids dB8dtreatment. Because of the small
number of patients, no specific IS drugs (azathimgpvs methotrexate vs cyclophosphamide)
efficacy analysis could be performed.

In conclusion, our preliminary study suggests thatcombination of high-dose steroids and
immunosuppressive drugs at diagnosis is more @fee¢chan steroids alone in preventing

relapse in symptomatic cardiac sarcoidosis.
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TABLES

Table 1 Baseline characteristics, relapse and folloup of patients according to cardiac

sarcoidosis treatment

All Steroids Steroids +1S P
(n=36) (n=24) (n=12)
Baseline
Age at diagnosis of sarcoidosis, year 48.5 [22B- 6 [22.8-66.3] 50.6 [27.2-76] ns
Male, n (%) 20 (55.5) 14 (58.3) 6 (50) ns
Black, n (%) 26 (72.2) 14 (58.3) 12 (100) 0.014
Organ involvement, n (%)
Lungs 36 (100) 24 (100) 12 (100) ns
Skin 12 (33.3) 8 (33.3) 4 (33.3) ns
Ear, nose, and throat 11 (30.6) 6 (25) 5(41.7) ns
Eyes 7 (19.4) 5 (20.8) 2 (16.7) ns
Liver 6 (16.7) 4 (16.7) 2 (16.7) ns
Brain 4 (11.1) 2(8.3) 2 (16.7) ns
Kidney 2 (5.6) 2 (8.3) 0 ns
Cardiac Involvement, n (%)
Sustained AT/VT 9 (25) 5(20.8) 4 (33.3) ns
Second/third degree heart block 12 (33.3) 9 (375 3(25) ns
Reduced LVEF (<50%) 13 (38.9) 7 (29.2) 6 (50) ns
Hypertrophic cardiomyopathy 7 (19.4) 5(20.8) 2.006 ns
Late gadolinium enhancement on CMR 24/34 (70.6) 224%68.2) 9 (75) ns
Myocardial FDG uptake on cardiac PE[T 16/25 (64) 17058.9) 6/8 (75) ns
Relapse
Delay to first relapse, year 1.5[0.5-6.8] 1.5{6.8] 1.5[1-3.2] ns
Cardiac relapse, n (%) 13 (33.3) 11 (45.8) 2 (16.7)0.048
Follow up
Length of follow up, year 3.6 [1-15.2] 4[1-12.9] .431-15.2] ns
Length of steroids treatment, year 3.1[1-12.8] [2-62] 3[1-12.8] ns
Steroids at last follow up, n (%) 30 (88.2) 21 &7. 9 (75) ns
IS at last follow up, n (%) 21 (58.3) 11 (45.8) (83.3) ns
Severe infection, n (%) 6 (16.7) 4 (16.7) 2(16.7) ns
Death, n (%) 3 (8.3) 2 (8.3) 1(8.3) ns

AT/VT, atrial tachycardia /ventricular tachycardiaEF, left ventricular ejection fraction;

CMR, cardiovascular magnetic resonance imaging; FBI@deoxyglucose; PET, positron-

emission tomography; IS,

immunosuppressive drugsluding azathioprine (n=5),



methotrexate (n=5) or cyclophosphamide (n=2). Seviafection defined as infection

requiring 1V antibiotics and hospitalization.

FIGURE LEGENDS

Figure 1 Kaplan-Meier Curves of Study Population

Patients treated with steroids + IS (CT+IS) at @ardsarcoidosis diagnosis tended to have
lower rates of cardiac sarcoidosis relapse thaiemtattreated with steroids alone (CT). HR =

2.961; 95% CI 0.66-13.48; log-rank p=0.141
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