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Cardiac sarcoidosis (CS) is frequently difficult to treat. Infliximab (IFX) is useful for
extracardiac sarcoidosis, but its use in CS has been limited due to concerns about cardio-
toxicity and an FDA blackbox warning about use in heart failure. We reviewed 36 conse-
cutive patients treated with infliximab for CS refractory to standard therapies. IFX was
initiated for patients with refractory dysrhythmias, moderate to severe cardiomyopathy,
and evidence of persistent F-18 fluorodeoxyglucose uptake on positron emission tomogra-
phy scan, despite standard therapies. We compared the prednisone dose, ejection fraction
(EF), and dysrhythmias before and after IFX therapy. The prednisone-equivalent steroid
dose decreased from a median of 20 mg at initiation of infliximab to 7.5 at 6 months and
5 mg at 12 months postinitiation of infliximab (p <0.001). In the 25 patients with serial
EF measurements, no statistically significant difference was detected in EF (41% at base-
line, 42% at 6 months). Of the 16 patients with serial dysrhythmia data, there was a
trend toward reduction of percent of patients with ventricular tachycardia (VT), from
32% at baseline, to 22% at 6 months and 19% at 12 months (p=0.07). Adverse
events were common, occurring in 6 of 36 patients, with 3 of 36 patients stopping inflixi-
mab for a prolonged period. In responder analysis, 24 patients improved in at least 1
of 3 outcome categories. In conclusion, infliximab may be useful for refractory cardiac

sarcoidosis. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:1630

—1635)

Treatment of cardiac sarcoidosis is difficult, in part due to
the rarity of the disease and the lack of controlled trials. All
current guidelines for cardiac sarcoidosis, including the
Heart Rhythm Society (HRS) 2014 expert consensus, the
1999 The American Thoracic Society (ATS), the European
Respiratory Society (ERS) and World Association of Sar-
coidosis and Other Granulomatous Disorders (WASOG)
statement,” and the British Thoracic Society (BTS) 2008
guidelines’ recommend corticosteroids as first-line agents
whereas admitting the paucity of data for preventing disease
progression. Second-line therapy has less data, with metho-
trexate being the most common recommendation.” Despite
some encouraging early reports, use of infliximab in cardiac
sarcoidosis is complicated by evidence of TNF inhibitors
worsening heart failure.” This resulted in a 2001 FDA safety
alert for infliximab, warning of heightened incidence of mor-
tality and hospitalization for patients with moderate to severe
heart failure. Given the promising effects of infliximab for
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extrapulmonary sarcoidosis,””’ we hypothesized that inflixi-
mab would benefit patients with cardiac sarcoidosis, given
that infliximab has been shown to improve the underlying
pathological insult causing heart failure in this population.
This study sought to evaluate the safety and efficacy of
infliximab in cardiac sarcoidosis patients.

Methods

We reviewed all patients who had ICD-10 coding for
“cardiac myocarditis” (D86.85) and had an order placed at
any point for infliximab. We excluded patients if they had
been started on infliximab <6 months before analysis, or if
infliximab was initiated for noncardiac manifestations of
sarcoidosis. For this study, cardiac sarcoidosis was defined
according to WASOG criteria.”

At our institution we initiate infliximab for patients with
refractory cardiac sarcoidosis, defined as progression of car-
diac symptoms or cardiac involvement and failure of man-
agement with steroids and steroid sparing agents. Cardiac
medications were managed by a cotreating cardiologist and
dosed per current heart failure guidelines. Progression of car-
diac disease requiring initiation of infliximab was defined
clinically by the treating physician but typically was related
to refractory dysrhythmias nonresponsive to standard antiar-
rhythmic therapy, heart block attributed to sarcoidosis, new
or increasing ventricular tachycardia (VT) or nonsustained
ventricular tachycardia (NSVT), dysrhythmias requiring ICD
(implantable cardioverter-defibrillator)/pacemaker therapy,
worsening cardiomyopathy, progressive symptoms of heart
failure (as assessed by a multidisciplinary team including
pulmonologist and cardiologists), or evidence of persistent
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fluorodeoxyglucose uptake along with symptomatic cardiac
manifestations despite standard therapies. Sarcoidosis thera-
pies were titrated as previously described.’

We compared the prednisone dose, ejection fraction
(EF), and dysrhythmias before and after infliximab therapy.
We compared steroid dose across 3 time frames (baseline, 6
months, 12 months) with Friedman’s two-way analysis of
variance by ranks. Ejection fraction was compared using
related samples Wilcoxon signed rank test across 2 time
frames (baseline and 6 months). Dysrhythmia data were
obtained by ICD interrogation (23/25) or Holter monitor (2/
25). We assessed 5 categories of dysrhythmia: shocks or
antitachycardia pacing from ICD, high-grade AV block,
VT/ventricular fibrillation (VF), nonsustained ventricular
tachycardia (NSVT), and premature ventricular contrac-
tions (PVC). Occurrence of various dysrhythmias (presence
or absence) was compared using related samples Cochran’s
Q test across 3 time frames (baseline, 6 months, 12 months).
PET data were not suitable for analysis due to a change in
dietary preparation protocol midway through our study
period which made direct comparison of PET studies
impossible. For analysis of steroid dose, ejection fraction
and dysrhythmias, only complete cases were used. We
excluded patients who were on infliximab for <6 months
from this analysis.

We classified patients as ‘“responders”, “stable” or
“nonresponders” as part of a responder analysis. Patients
were defined as a “responder” if they had either a decrease
in daily steroid dose of >10 mg, improvement in dysrhyth-
mia control or improvement of left ventricular ejection frac-
tion (LVEF) by >5% without worsening in any of these 3
categories. Given that reduction of dysrhythmia burden
rather than elimination is often the goal of therapy, dys-
rhythmias were defined as “improved” or “worsened” based
on a >50% change in frequency of ventricular dysrhyth-
mias.'” Patients were defined as “stable” if they had no sig-
nificant change in all 3 categories. Patients were defined as
having “non-responder” if they had deterioration in 1 or
more of the 3 categories regardless of improvement in any
of the other categories. Patients who discontinued inflixi-
mab in <6 months were included in the responder analysis.

This study was approved by the Cleveland Clinic Institu-
tional Review Board (IRB 15-1209).

Results

In total, 36 patients met inclusion criteria for the study
(Table 1). Demographic data are provided in Table I.
Patients were generally in their 5th and 6th decade of life,
had been diagnosed with sarcoidosis several years earlier
and had multiple organs involved with sarcoidosis. There
was significant cardiac morbidity among those in the cohort
(Table 1). Of the patients who started therapy, 2 stopped
infliximab before completing 6 months of therapy.

Data regarding therapy for sarcoidosis are presented in
Table 1. Patients had failed multiple steroid sparing agents
and were on moderate doses of daily prednisone. At inflixi-
mab initiation, all patients were treated with at least one other
steroid sparing agent. Patents were started at 5 mg/kg of
infliximab every 4 to 6 weeks with titration up to 10 mg/kg
for lack of response, and lengthening of dosing interval to

Table 1
Demographics
Age at diagnosis of cardiac sarcoidosis (years) 46 £11
Age at initiation of infliximab (years) 50+ 11
Men 26 (72%)
Race
White 28 (78%)
Black 8 (22%)
Tobacco use
Never 27 (75%)
Former 9 (25%)
Pack years of former smokers (years) 17+£22
Organ systems involved
Heart 36 (100%)
Lung 26 (72%)
Neurologic 12 (33%)
Skin 7 (19%)
Bone 3 (8%)
Ocular 2 (6%)
Liver 2 (6%)
Kidney 1 (3%)
Gastrointestinal 1 (3%)
Spleen 1 (3%)
Baseline
Ejection fraction <30% 6 (17%)
Ventricular tachycardia 8 (22%)
High-grade heart block 7 (19%)
Biventricular pacing 4 (11%)

every 8 weeks if the patient exhibited stability. Most patients
received several years of infliximab treatment.

Thirty-five patients completed at least 6 months and 29
patients completed at least 1 year of infliximab therapy.

Table 2
Treatment characteristics

Prior therapies

Methotrexate 34 (94%)
Leflunomide 20 (56%)
Azathioprine 8 (22%)
Hydroxychloroquine 6 (17%)
IVIG 6 (17%)
Mycophenolate 3 (8%)
Adalimumab 1 (3%)
Taking steroids at Infliximab initiation 32 (89%)
Steroid sparing agents at Infliximab initiation
Methotrexate 25 (69%)
Leflunomide 9 (25%)
Azathioprine 1 (3%)
Hydroxychloroquine 2 (3%)
Maximum Infliximab dose patient received
5 mg/kg 27 (75%)
7.5 mg/kg 4 (11%)
10 mg/kg 5 (14%)
Average Infliximab dose 560 + 260
Median Infliximab dose 500 mg
Maximum Infliximab dose in cohort 1250 mg
Initial Infliximab dosing interval
Every 4 weeks 28 (78%)

Every 6 weeks 3 (8%)

Every 8 weeks 4 (11%)
Patients with infliximab dosing interval reduced 6 (17%)
Time to dosing interval reduction (months) 24 + 30
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The median prednisone dose decreased at 6 and 12 months
(p <0.01) compared with the dose at initiation of infliximab
(Table 3). Of the 25 patients with follow-up ejection frac-
tion data available, there was no significant change in ejec-
tion fraction at 6 months (Table 3). In patients with
dysrhythmia data, there was a significant reduction in pres-
ence of PVCs (p=0.05) and a trend toward elimination of
VT (p=0.07).

Of the 36 patients, 24 were categorized as “responders”
due to an improvement in at least 1 of the 3 outcome cate-
gories (steroid dose, ejection fraction, dysrhythmia burden),
without deterioration in any of the other outcome measures
(Figure 1). Among “responders”, improvement in steroid
dose was most common (n=20). Dysrhythmia control
(>50% reduction in dysrhythmia occurrence on ICD/Holter
monitor) improved in 12 of 24 responders whereas EF
improved in 8 of 20 responders. Among the 9 of 36 patients
who were categorized as “non-responders”, 5 of 9 had
improvement in at least 1 domain (Figure 1). Two patients
in this cohort eventually required a heart transplant. Patients
who discontinued infliximab in <6 months are included in
analysis. One was a “responder” based on improved dys-
rhythmia control at 6 months (discontinued due to noncom-
pliance with all medical therapy including dialysis).

Adverse reactions potentially attributable to infliximab
occurred in 60f 36 (17%) of the group (Table 4). The most
frequently encountered adverse event was infection (5 of
6). In 2 of the patients, the infection was sufficiently severe
that infliximab was held for >1 year; the other 3 required
either no interruption or temporary delay of the dose. Two
patients required heart transplant. The first patient received
2 doses of infliximab as part of heroic therapy following
acute decompensation of cardiac function, in conjunction
with evaluation for heart transplant. The patient’s dysrhyth-
mias improved following infliximab allowing discharge,
but infliximab was held as an outpatient due to concern of
patient’s low ejection fraction. This patient received a trans-
plant at 96 days following infliximab therapy. The second
patient received a heart transplant 392 days following
infliximab initiation. This patient had >50% of the heart
involved on cardiac PET and an EF of 27% when infliximab
was initiated. With infliximab therapy the PET involvement

decreased to 37%. Despite this, the patient’s LVEF dropped
from 27% to 18% and a heart transplant was required.
Whereas the need for heart transplant was likely due to the
severity of the underlying sarcoidosis, we cannot rule out
the possibility that infliximab contributed.

Discussion

In this cohort, we observed a significant reduction in
daily prednisone requirements following initiation of inflix-
imab. This result is particularly significant given that the
patients in this cohort had exceedingly refractory inflamma-
tion, having failed multiple steroid sparing agents. In addi-
tion, there was a strong trend toward reduction of
ventricular tachycardia at 6 months, without worsening of
other arrhythmia control measures. Finally, despite a reduc-
tion in steroid dose, no worsening of cardiac function was
identified. In summary, infliximab allowed for reduction in
steroid dose without worsening of cardiac function and a
trend toward improvement in arrhythmia control in a cohort
of cardiac sarcoidosis patients refractory to other treatment
regimens.

Due to the elevation of TNF in patients with heart failure,
TNF inhibitors have been studied as a potential treatment for
heart failure. The RENAISSANCE and RECOVER trials,
analyzed together as RENEWAL, showed no difference in
death or CHF hospitalization in New York Heart Association
class II to IV chronic heart failure patients treated with etaner-
cept.” The ATTACH trial, utilizing infliximab in patients with
NYHA class II to IV heart failure showed an increase in a
composite outcome of death or hospitalization for patients
treated with high dose infliximab (10 mg/kg)."" Data such as
these resulted in a 2001 FDA safety alert for infliximab, warn-
ing of heightened incidence of mortality and hospitalization
for patients with moderate to severe heart failure. Both of
these trials, however, included patients with ischemic and
nonischemic heart failure, including many patients with non-
inflammatory mediated heart failure. As a result, the safety of
TNF antagonists for cardiac sarcoidosis is unclear.

Although not a safe treatment option in noninflamma-
tory-mediated heart failure, infliximab has been shown to
be an effective therapy for refractory sarcoidosis. In a

Table 3
Steroid dose, ejection fraction, and dysrhythmia prevalence at 6 and 12 months while on Infliximab
Variable Baseline 6 months 12 months p Value
n results n results n results
Steroid dose (mg/day), median (25th-75th)* 35 20 (10-30) 35 7.5 (2.5-15) 29 5(0-10) <0.01
Ejection fraction (%), median (25th-75th) 31 41 (32-55) 28 41 (35-54) NA NA 0.43
Dysrhythmia, n (%)
Implantable cardioverter 25 4 (16%) 23 2 (8.7%) 16 2 (12.5%) 0.45
defibrillator (ICD) therapy
Ventricular Tachycardia 25 8 (32%) 23 521.7%) 16 3 (18.8%) 0.07
2nd (Type 2)/3rd degree 25 7 (28%) 23 6 (26.1%) 16 2 (12.5%) 0.37
atrioventricular block
Nonsustained 25 7 (28%) 23 6 (26.1%) 15 6 (40%) 0.42
ventricular tachycardia
Premature ventricular 25 3 (12%) 23 0(0%) 16 0(0%) 0.05

contraction (PVC)*

* Difference significant at p <0.05.
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Figure 1. Responder analysis — Patients who improved in all categories across all follow up visits were categorized as “responders”
ening across any of the outcome measures, or without improvement were categorized as “non-responders”

marked as “<6 m” and marked with the reason infliximab was held.

randomized trial, infliximab improved pulmonary function
at 24 weeks in a randomized trial.” A post-hoc analysis of
this trial demonstrated an improvement in a composite out-
come of extrapulmonary involvement for patients receiving
infliximab.® More recently, case reports and small case
series have sug%ested benefit with infliximab for cardiac
sarcoidosis.’
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Patient Steroid Steroid Ejection Arrythmia Arrhythmia OVERALL
ID 6 Months 12 months Fraction 6 months 12 months Improve
1 n/a n/a n/a n/a Responder Stable
2 n/a n/a n/a Responder - Worsen
3 n/a n/a n/a Responder
4 n/a n/a Responder
5 Responder
6 Responder
7 n/a n/a n/a Responder
8 n/a Responder
9 Responder
10 n/a Responder
11 Responder
12 n/a n/a Responder
13 n/a Responder
14 n/a n/a Responder
15 n/a n/a Responder
16 n/a n/a <6 m - non-compliance
17 n/a Responder
18 Responder
19 n/a n/a Responder
20 n/a n/a Responder
21 Responder
22 Responder
23 n/a Responder
24 n/a Responder
25 n/a n/a Stable
26 n/a Stable
27 Stable
28 Non-responder
29 n/a Non-responder
30 Non-responder
31 Non-responder
32 - Non-responder
33 _- - Non-responder
34 _ n/a n/a Non-responder
35 n/a n/a n/a n/a Heart Tx-14d
36 n/a _ Heart Tx - 392d

. Patients with any wors-
. Patients who stopped infliximab at <6 months are

Despite these small case series, up to now, there have
been few reported cases of cardiac sarcoidosis treated with
infliximab. Most reported cases are part of larger cohorts
with heterogeneous organ involvement or treatment strate-
gies.””'?~'" This case series is the largest cohort of cardiac
sarcoidosis patients treated with infliximab for the indica-
tion of cardiac involvement. In addition, all patients had the
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Table 4

Adverse drug reactions while on Infliximab

Reaction Days after IFX initiate IFX management Other therapy required
Pneumonia, pulmonary embolism 288 Continued Antibiotic, Anticoagulation
C. difficile diarrhea 329 Held 1 dose Antibiotic

Shingles 657 Held 2 dose Antivirals

Sepsis 122 Held 2 years Antibiotic

Disseminated cryptococcus 73 Discontinued Antifungal therapy
Decompensation of heart failure* 392 Discontinued Heart Transplant at 392d

* Patient’s decompensation in heart failure was thought to be secondary to the severity of the patient’s cardiac sarcoidosis and not due to infliximab therapy

by treating physicians.

entirety of their antisarcoidosis treatment at a single institu-
tion allowing for more sensitive assessment of the safety
and efficacy of the drug.

In this cohort, a high proportion of patients experienced
a potential ADR from infliximab treatment. When com-
pared with other studies utilizing infliximab, the rate of
adverse events and infections was similar to those reported
in patients receiving infliximab for rheumatoid arthritis'>'®
and Crohn’s disease.'” As described above, the 2 patients
who required a heart transplant were not deemed likely by
their treating physicians to have decompensated due to use
of Infliximab.

This study has several limitations. The lack of guidelines
on monitoring of patients with cardiac sarcoidosis being
treated with infliximab made assessment of clinical out-
comes difficult. Although almost all patients had good
records of steroid use, the diagnostic modality used to fol-
low the patient whereas on infliximab varied greatly based
on provider, the overriding symptomology (e.g., heart fail-
ure vs dysrhythmias), and lack of insurance approval for
serial PET scans. Further many of the patients received car-
diac care elsewhere; we chose not to include echocardio-
graphic data from other institutions. Due to this,
dysrhythmia, LVEF and PET scan data was not available
for all patients. Bias introduced by lack of standardized fol-
low up would most likely serve to understate the benefits of
infliximab as patients who are doing well would be less
likely to get follow-up studies at our institution. It is impos-
sible to define exactly the efficacy of Infliximab without a
control group, and more careful accounting for the effects
of nonimmunosuppressive therapies. However, it is
unlikely that all the observed benefit was due to spontane-
ous remission or other treatment modalities given that all
patients had prolonged courses of refractory sarcoidosis
and multiple attempts by cardiology specialists to optimize
cardiac morbidity before initiation of infliximab. Because
of this, we feel that the benefit we saw with infliximab in
this sample is most likely a true representation of the bene-
fits of infliximab in patients with cardiac sarcoidosis. A pro-
spective controlled study with structured monitoring of
patient’s response to infliximab would be necessary to com-
ment more definitively on the effects of this drug on cardiac
involvement and dysrhythmia control.

This is the largest cohort of patients with cardiac sar-
coidosis patients treated with infliximab to date. There was
a significant improvement in disease, as demonstrated by
reduction of steroid dose and a trend toward improvement
in dysrhythmia control without a worsening in systolic
function. Whereas potential adverse events were common,

they were generally anticipated and manageable. Taken
together, these results suggest that infliximab is a promising
therapy for patients with refractory cardiac sarcoidosis, but
close monitoring for adverse drug events is warranted. The
favorable safety profile observed in this sample likewise
suggests that TNF inhibition need not be withheld from sar-
coidosis patients simply due to cardiac involvement. Future
studies will be needed to determine the effect of infliximab
on functional outcomes and quality of life.
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