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Abstract

Background: Cardiac sarcoidosis (CS) is an increasingly recognized cause of cardiomyopathy; 

however, data on immunosuppressive strategies are limited. Treatment with tumor necrosis factor 

(TNF) alpha inhibitors is not well described; moreover, there may be heart failure–related safety 

concerns.

Methods: Retrospective multicenter study of patients with CS treated with TNF alpha inhibitors. 

Baseline characteristics, treatments, and outcomes were adjudicated.

Results: Thirty-eight patients with CS (mean age 49.9 years, 42% women, 53% African 

American) were treated with TNF alpha inhibitor (30 infliximab, 8 adalimumab). Prednisone dose 

decreased from time of TNF alpha inhibitor initiation (21.7 ± 17.5 mg) to 6 months (10.4 ± 6.1 

mg, P = .001) and 12 months (7.3 ± 7.3 mg, P = .002) after treatment. On pre-TNF alpha inhibitor 

treatment positron emission tomography with 18-flourodoxyglucose (FDG-PET), 84% of patients 

had cardiac FDG uptake. After treatment, there was a significant decrease in number of segments 

involved (3.5 ± 3.8 to 1.0 ± 2.5, P = .008) and maximum standardized uptake value (3.59 ± 3.70 to 

0.57 ± 1.60, P = .0005), with 73% of patients demonstrating complete resolution or improvement 

Reprint requests: Nisha Aggarwal Gilotra, MD, Assistant Professor of Medicine, Advanced Heart Failure/Transplant Cardiology, 
Division of Cardiology, Johns Hopkins Hospital, 600 N. Wolfe Street, Carnegie Bldg Suite 568, Baltimore Maryland 21287, Phone: 
443-287-6720; Fax: 443-873-5019. naggarw2@jhmi.edu. 

Disclosures
None.

HHS Public Access
Author manuscript
J Card Fail. Author manuscript; available in PMC 2021 August 09.

Published in final edited form as:
J Card Fail. 2021 January ; 27(1): 83–91. doi:10.1016/j.cardfail.2020.08.013.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of cardiac FDG uptake. The left ventricular ejection fraction remained stable (45.0 ± 16.5% to 

47.0 ± 15.0%, P = .10). Four patients required inpatient heart failure treatment, and 8 had 

infections; 2 required treatment cessation.

Conclusions: TNF alpha inhibitor treatment guided by FDG-PET imaging may minimize 

corticosteroid use and effectively reduce cardiac inflammation without significant adverse effect 

on cardiac function. However, infections were common, some of which were serious, and 

therefore patients require close monitoring for both infection and cardiac symptoms.
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Sarcoidosis is a systemic granulomatous inflammatory disease. Cardiac involvement has 

been reported in up to 25% of cases of sarcoidosis.1 Cardiac sarcoidosis (CS) is a major 

cause of death in patients with sarcoidosis, and morbidity is associated with granulomatous 

inflammation, which results in conduction disease, ventricular arrhythmia (VA), and 

cardiomyopathy leading to heart failure (HF).2 The mainstay of medical therapy is 

immunosuppression in the form of corticosteroids with the possible addition of a steroid 

sparing agent. There is a paucity of data on immunosuppressive regimens in CS; 

furthermore, long-term treatment with these agents puts patients at risk for significant 

medication related morbidity. Randomized controlled trials of immunosuppressive strategies 

in CS are lacking.

Tumor necrosis factor (TNF) alpha is a cytokine released by activated macrophages and 

dendritic cells and plays a key role in granuloma assembly and maintenance in sarcoidosis 

and other granulomatous diseases3,4; however, the use of TNF inhibitors for treating 

extracardiac sarcoidosis has not yet been widely adopted.5–7 Although HF is associated with 

higher serum levels of TNF,8 early clinical trials to investigate treatment of HF with TNF 

inhibitors were associated with adverse outcomes.9,10 This outcome has resulted in a black 

box warning from the US Food and Drug Administration for their use in moderate to severe 

HF. As a result, there has been hesitancy to expand the use of TNF inhibitors for the 

treatment of sarcoidosis to those patients with significant cardiac involvement.

With advancements in cardiac imaging, specifically positron emission tomography with 18-

flourodoxyglucose (FDG-PET), residual cardiac inflammation after a typical course of 

immunosuppression can be more precisely detected. Cardiac FDG uptake is associated with 

poor cardiovascular outcomes, thus prompting need for therapies that more effectively 

suppress inflammation.11 We, therefore, sought to describe the safety and efficacy of 

biologic agents, with a focus on TNF alpha inhibitors and FDG-PET responsiveness, in a 

multicenter cohort of patient with CS. We hypothesized that TNF alpha inhibitors would be 

generally well-tolerated and result in significantly decreased steroid dosing and cardiac 

inflammation on FDG-PET imaging in patients with CS.
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Methods

Patient Population

We included patients in 2 institutions’ Cardiac Sarcoidosis Registries who were treated for 

CS with a TNF alpha inhibitor in consultation with a sarcoidosis specialist and cardiologist 

between 2014 and 2019. Extracardiac organ involvement was determined using World 

Association of Sarcoidosis and Other Granulomatous Diseases criteria.12 CS was diagnosed 

based on Heart Rhythm Society (HRS) criteria or Japanese imaging criteria.13 Patients were 

included if they underwent treatment with TNF alpha inhibitor therapy specifically for 

cardiac involvement of their sarcoidosis. The study was approved by each institution’s 

institutional review board.

Clinical Data Collection

Demographic and baseline clinical characteristics at time of diagnosis of CS and time of 

TNF alpha inhibitor initiation were collected from the electronic medical records. 

Transthoracic echocardiogram reports were reviewed to determine left ventricular ejection 

fraction (LVEF) and left ventricular end-diastolic dimension per standard institutional 

practice and American Society of Echocardiography guidelines.14 Transthoracic 

echocardiogram reports before and 6–12 months after initiation of TNF alpha inhibitor were 

included.

CS Treatment Regimens

Each institution follows a standardized approach to immunosuppressive management and 

monitoring of patients that includes use of oral corticosteroids and steroid-sparing agents 

(SSA) as well as pre- and post-treatment FDG-PET imaging. Corticosteroid dosing data 

were collected as follows: (1) maximum daily dose used for the specific indication of 

cardiac involvement of sarcoidosis, and (2) dose at TNF alpha inhibitor initiation and at 6 

and 12 months after treatment initiation. Prednisone dose was typically decreased by 5–10 

mg approximately every 4 weeks based on clinical and imaging stability as assessed by 

treating providers. Details regarding adjunctive SSAs were collected, including dosages and 

number of agents used. Immunosuppression-related side effects were adjudicated.

Treatment with TNF alpha inhibitors was reserved for (1) persistent cardiac inflammation on 

FDG-PET despite immunosuppressive treatment, (2) clinically active CS defined by cardiac 

clinical events (ie, cardiomyopathy, arrhythmia or conduction abnormalities), and/or (3) 

intolerable side effects from immunosuppression regimens. Dosing, frequency, indication, 

and side effects were collected and adjudicated. The 2 agents used were infliximab and 

adalimumab. Infliximab was prescribed as an intravenous infusion in a standard dosing 

frequency with weight-based dosing. Modifications to frequency of infusions and dose were 

made by the treating clinician. Adalimumab was prescribed as a standard dose of 40 mg 

subcutaneously injected every 2 weeks. Laboratories and side effects were monitored per 

standard guidelines.

GILOTRA et al. Page 3

J Card Fail. Author manuscript; available in PMC 2021 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cardiac and Whole Body FDG-PET Protocol and Interpretation

Before FDG-PET examination, patients were instructed to follow a high-fat, low-

carbohydrate diet for 1 day followed by 12 hours of fasting, to shift the myocardial 

metabolism to fatty acid use and suppress the uptake of FDG by normal myocardium. 

Metabolic imaging was performed with whole body and cardiac PET/computed tomography 

scans (Discovery Rx VCT PET/CT [GE Healthcare, Milwaukee, WI]) using an intravenous 

dose of 0.135 mCi/kg of FDG, as previously described.15 All FDG-PET examinations were 

analyzed offline on a dedicated workstation (GE Healthcare) by an experienced radiologist 

blinded to clinical data. Abnormal myocardial FDG uptake was assessed semiquantitatively 

as the number of involved segments using a 17-segment model for the left ventricle and 

maximum standardized uptake value.16 Patients with diffuse cardiac FDG uptake without 

any areas of focal uptake were presumed to have unsuccessful suppression of myocardial 

glucose and were not included in the FDG-PET analysis. The LVEF was obtained, when 

available, from simultaneously performed gated perfusion imaging. Post-treatment scans 

were compared with pretreatment scans to determine whether patients had complete 

resolution, partial improvement, no change, or worsening of cardiac FDG uptake. PET 1 was 

defined as the baseline scan immediately before TNF alpha inhibitor initiation. PET 2 and 

PET 3 were defined as follow-up scans approximately 6 months after and 12 months after 

TNF alpha inhibitor initiation, respectively.

Clinical Outcomes

Clinical end points were defined as follows: VA events (defined as ventricular fibrillation, 

sustained ventricular tachycardia, aborted sudden cardiac death, or any appropriate 

implantable cardioverter-defibrillator [ICD] therapy), worsening HF (defined as need for 

hospitalization and change in acute HF therapies), orthotopic heart transplantation, durable 

left ventricular assist device implantation, and death from any cause.

Statistical Analysis

Continuous data are presented as mean ± standard deviation for normal and as median and 

interquartile range (IQR) for non-normal data, and categorical variables are presented as 

frequencies and percentages. Comparisons were performed using the Welch 2-sample t test 

when comparing 2 separate groups, and the paired t test when comparing 2 time points for 

the same group. A P value of less than .05 was considered statistically significant. To correct 

for multiple comparisons, the Bonferroni correction was used, with a more conservative 

significance level of alpha of 0.05/3.00, or 0.016. All analyses were performed using R 

Studio (RStudio Team, 2018) and all data visualizations were generated using the package 

ggplot2 (Wichkam, 2009).

Results

Study Population

A total of 38 patients with CS treated with a TNF alpha inhibitor (30 infliximab, 8 

adalimumab) were included in the study cohort. Baseline characteristics at time of CS 
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diagnosis are presented in Table 1. The HRS criteria for CS were met by 37 patients (35 

probable and 2 definite) and Japanese imaging criteria by 1 patient for isolated CS.

One-half of the patients had a prior established diagnosis of extracardiac sarcoidosis. At time 

of CS diagnosis, the majority of patients had extracardiac sarcoidosis, with pulmonary 

(76%) involvement being common (Table 1).

Almost all patients (n = 37) presented with at least 1 of the following cardiac manifestations: 

VA, atrioventricular block (AVB), atrial arrhythmia, or HF. Four patients had more than 1 

presenting cardiac event as follows: 1 patient had both VA and AVB, 1 patient had both VA 

and atrial arrhythmia, 1 patient had both AVB and HF, and 1 patient had VA, atrial 

arrhythmia, and AVB. The last patient presented with palpitations and dyspnea in the context 

of being treated with infliximab for extracardiac sarcoidosis. In response, FDG-PET was 

performed and revealed new cardiac FDG uptake, thus prompting increase in dose and 

frequency of infliximab to specifically treat CS.

Prior Immunosuppression Exposure

By the time of TNF alpha inhibitor treatment, all 38 patients had at some point been treated 

with prednisone and 37 patients with SSA. Before CS diagnosis, 15 patients were treated 

with prednisone and 12 were treated with a SSA for extracardiac sarcoidosis. After CS 

diagnosis, before TNF alpha inhibitor treatment, 36 patients were treated with prednisone 

(mean max daily dose 45 ± 15.2 mg; range 10–80 mg) and 36 with SSA (15 of which were 

tried on ≥2 SSA) for CS. Immunosuppressive regimens for CS are described in Table 2. 

Patient-reported side effects from corticosteroids were common, occurring in 76% of 

patients, with the most frequent being weight gain (Table 2). SSA side effects were 

experienced in 30% of patients, with 9 patients requiring permanent discontinuation and/or 

switch to alternate SSA specifically owing to side effects.

TNF Alpha Inhibitor Treatment Course

Patients were started on a TNF alpha inhibitor a median of 490 days (IQR 727 days) after 

CS diagnosis. More than one-third of patients had more than 1 of the 3 outlined study 

indications for starting TNF alpha inhibitor treatment for their CS, as detailed in Table 3. At 

the time of treatment initiation, pharmacologic and device therapy for cardiac complications 

was common (Table 3). ICD implantation (n = 27) and resultant ICD therapy for VA (n = 

10) were common. Echocardiogram features before initiation of TNF alpha inhibitor were 

notable for an average LVEF of 48 ± 16%, with 16 patients (43%) having an LVEF of less 

than 45%.

All patients had an FDG-PET scan (PET 1) before initiation of TNF alpha inhibitor (at a 

median of 74.0 days before [IQR 76.5 days before]). One was uninterpretable owing to poor 

dietary preparation. Of the remaining patients, 31 (84%) had cardiac FDG uptake as 

summarized in Table 4 and 21 (55%) had extracardiac FDG uptake.

TNF alpha inhibitor dosing is described in Table 3. There were no significant infusion site 

reactions. There were 8 patients who had infections during the course of treatment 

(infliximab: 3 shingles, 1 metapneumovirus pneumonia, 1 urinary tract infection and 1 intra-
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abdominal collection presumed to be infectious; adalimumab: 1 aseptic meningitis, 1 

Mycobacterium avium complex). Of these 8 patients, the patient with an intra-abdominal 

collection required temporary infliximab discontinuation for 4 months and the patient with 

aseptic meningitis opted to discontinue adalimumab.

Thirty-three patients were treated with prednisone while starting TNF alpha inhibitor. Mean 

prednisone dose at time of TNF alpha inhibitor initiation was 21.7 ± 17.5 mg, with a 

significant decrease to 10.4 ± 6.1 mg (P = .001) and 7.3 ± 7.3 mg (P = .002) at 6 and 12 

months after treatment initiation, respectively, when compared with baseline (Fig. 1). These 

Pvalues remained significant after correction for multiple comparisons. A total of 10 patients 

were completely off prednisone at end of study: 5 patients who were off prednisone by the 

time of TNF alpha inhibitor initiation and 5 who were weaned off during treatment. SSA 

was continued in 32 patients.

Imaging Outcomes After Treatment With TNF Alpha Inhibitor

There was no significant change in LVEF on echocardiogram before and after treatment 

(from 45 ± 16.5% to 47 ± 15.0%, P = .10, n = 29) (Fig. 2). Seven patients had an absolute 

LVEF improvement of 10% or greater. Only 1 patient had a decrement in absolute LVEF of 

more than 10% (from 35% to 20%, with left ventricular end-diastolic dimension increasing 

from 5.4 to 6.3 cm). Of the patients that did not have a post-treatment echocardiogram, 5 had 

an LVEF of 65% or greater on follow-up FDG-PET scan, 2 had clinical follow-up with 

documented stability and lack of HF signs or symptoms, and 1 had undergone heart 

transplantation. In the subset of patients that had right ventricular function assessments on 

echocardiogram, the frequency of moderate to severe right ventricular dysfunction was 3 of 

31 vs 3 of 29 (P = .97) and tricuspid annular plane of systolic excursion was 20 ± 4.1 mm (n 
= 16) vs 22 ± 3.7 mm (n = 15) (P = .17).

Thirty-two patients had at least 1 follow-up FDG-PET scan, with the first follow-up scan 

timing being approximately 6 months for the majority (n = 28, PET 2) (Table 4). Eleven 

patients also had a second follow-up scan (PET 3). There was a decrease in all cardiac FDG 

uptake parameters on post-treatment PET scans (Table 4). We then assessed paired 

comparisons for patients who had semiquantitative measures available at both baseline and 

first follow-up FDG-PET scan. There was a statistically significant decrease in number of 

involved segments (from 3.5 ± 3.8 to 1 ± 2.5, P = .008) and maximum standardized uptake 

value (from 3.59 ± 3.7 to 0.57 ± 1.6, P = .0005), with a trend toward a LVEF increase (50.6 

± 16.5 vs 53.9 ± 17.4, P = .07) (Figure 3). There was a numerical but not statistically 

significant difference in the proportion of patients who had cardiac perfusion defects at 

baseline vs follow-up scan (23/38 [61%] vs 8/18 [44%], P = .13)

The overall clinical impression of first follow-up FDG-PET scan for 30 patients with 

interpretable pre- and post-FDG-PET scans was as follows: 16 had complete resolution of 

cardiac FDG uptake, 6 had improvement, 6 were stable, and 2 were worse. One of the 2 

patients who had worsening cardiac inflammation did not have cardiac FDG uptake on a 

pretreatment scan with the follow-up PET scan performed 3 months after completion of a 9-

month course of infliximab. The other patient was treated with adalimumab for 9 months, 

during which time PET 2 and PET 3 had increased cardiac FDG uptake compared with PET 
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1. Adalimumab was then discontinued owing to infectious issues, and a fourth PET scan less 

than 3 months later showed complete resolution of cardiac FDG uptake.

Clinical Outcomes After Treatment

During a median follow-up time of 486 days (IQR 405 days) after TNF alpha inhibitor 

initiation, 4 patients had worsening HF occurring at 90, 180, 185, and 472 days. The first 

patient, described elsewhere in this article with decrease in LVEF from 35% to 20% had 

experienced progressive HF before TNF alpha inhibitor treatment, and ultimately required 

inotropic support and evaluation for heart transplantation. The second patient (stable LVEF 

35%) was admitted with HF approximately 1 month after a 6-month course of TNF alpha 

inhibitor treatment. The third patient who developed worsening HF (stable pre- and post-

treatment LVEF 20%) went on to receive a left ventricular assist device and is waitlisted for 

heart transplantation. Treatment with adalimumab in this patient resulted in reduction in 

cardiac FDG uptake, improved neurosarcoidosis symptoms which contributed to improved 

functional status and thus operative candidacy. The fourth patient (pretreatment LVEF of 

30%, post-treatment LVEF of 35%) was treated for decompensated HF with intravenous 

diuretics during an admission for pneumonia. One additional patient underwent heart 

transplantation 3 months after starting TNF alpha inhibitor treatment. There were no deaths.

Despite the prevalence of VA before TNF alpha inhibitor treatment, only 3 patients had new 

events after treatment at 46, 273, and 356 days after treatment initiation. Two of the patients 

had a baseline LVEF of 30% and a history of VA with ICD therapy and the third patient had 

a LVEF of 60% with a history of ICD implantation but no prior sustained VA events. All 3 

had evidence of late gadolinium enhancement on cardiac magnetic resonance imaging. None 

of the 5 patients with complete heart block on initial presentation had recovery of AV nodal 

conduction at the time of follow-up.

Discussion

The present study represents the first multicenter analysis to assess the usefulness of TNF 

alpha inhibitor therapy in CS. Additionally, this is the largest study to report on cardiac 

FDG-PET response after treatment with TNF alpha inhibitor in a cohort meeting the HRS 

diagnostic criteria for CS. We demonstrate that TNF alpha inhibitor treatment (1) allowed 

significant decrease in corticosteroid dose, (2) was tolerated from a HF standpoint in the 

majority of patients, and (3) significantly decreased cardiac FDG uptake and numerically 

decreased clinical cardiac events.

Treatment of CS: Current Strategies and Limitations

Immunosuppressive treatment strategies for CS rely on noncardiac sarcoidosis literature or 

limited retrospective cohorts, resulting in a wide variation in clinical practice.17,18 Generally, 

immunosuppression in the form of corticosteroids remains the mainstay therapy, with the 

possible addition of a SSA, which may have limited efficacy but mitigate untoward side 

effects of chronic corticosteroid use. For example, more than three-quarters of our cohort 

had a reported side effect, with more than one-half having multiple side effects. 

Additionally, upfront corticosteroid treatment dose is usually higher for cardiac involvement 
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compared with other organs (mean initial dose of 45 mg in our cohort), making 

consideration of alternate therapies even more important when the heart is involved. In the 

present study, we demonstrated a significant decrease in prednisone dose after treatment 

with TNF alpha inhibitor therapy that was not achieved with concomitant SSA therapy 

alone.

Role of TNF Alpha Inhibition in the Treatment of Sarcoidosis

TNF alpha plays a central role in sarcoidosis related granuloma formation and maintenance. 

Excess or increased levels of TNF have been found in the blood and bronchial alveolar 

lavage fluid of sarcoidosis patients.19–21 The intravenous anti-TNF alpha monoclonal 

antibody infliximab has been shown to be effective in treatment of refractory sarcoidosis, 

including cutaneous and neurologic involvement.7,22,23 In the single randomized trial 

demonstrating a benefit of TNF alpha inhibitor therapy in chronic pulmonary sarcoidosis, 

Baughman and colleagues5 demonstrated a modest but statistically significant improvement 

in the primary end point (change in percent of predicted forced vital capacity from baseline) 

after treatment with infliximab when compared with placebo. Adalimumab, a 

subcutaneously delivered TNF alpha inhibitor (IgG monoclonal antibody), has similarly 

proven to be effective in refractory pulmonary sarcoidosis and as an alternative therapy for 

patients intolerant to infliximab.24,25 A recent systematic review suggested that TNF alpha 

inhibitors are effective and safe in the treatment of sarcoidosis.26

Despite the observed benefits, challenges exist with TNF alpha inhibitor administration. 

These include infections (including mycobacterial disease),27 increased risk of malignancy,
28 and infusion reactions, as well as cost. In our cohort, it was possible the infections 

observed were attributable to TNF alpha inhibition; however, before initiation 4 patients on 

SSAs had infectious complications and most patients remained on corticosteroids and/or 

SSAs at time of TNF alpha inhibition. Our findings are in line with prior studies and 

emphasize the need to ensure up-to-date vaccinations and close monitoring for infections 

and malignancies.

Efficacy and Safety of TNF Alpha Inhibition in HF and CS

In addition to its role in sarcoidosis, TNF has been found to be upregulated in chronic HF.8 

Thus, the RECOVER and RENAISSANCE studies were designed to assess the usefulness of 

etanercept, a subcutaneously delivered recombinant human TNF receptor, in patients with 

chronic systolic HF (LVEF of <30%, New York Heart Association functional class II–IV).10 

In the prespecified combined analysis, there was no effect on death or HF hospitalization. 

Infliximab also failed to demonstrate a benefit in a randomized study of patients with 

moderate to severe chronic systolic HF (LVEF of <35%, New York Heart Association 

functional class III–IV), with an increased risk of death and HF hospitalization for those 

randomized to the higher dose of 10 mg/kg.9 Thus, concerns regarding TNF inhibition and 

the development of HF have resulted in published warnings highlighting this risk.29

Despite these prior studies in HF patients, we did not see a significant decrease in cardiac 

function after treatment in our patients, almost one-half of whom had a decreased baseline 

left ventricular systolic function. In fact, a proportion of patients had a clinically significant 
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improvement in LVEF after treatment. Thus, it may be that because TNF inhibition is 

targeting the specific process leading to active CS, these patients benefit from such therapy, 

and at lower doses studied in HF cohorts. However, even with treatment, patients with CS, 

including some in our cohort, may develop progressive cardiomyopathy or refractory VA, 

and advanced HF therapies such as left ventricular assist device or heart transplantation may 

be considered.30,31 Candidacy for these therapies relies on controlled extracardiac disease 

and comorbidities, including those that are steroid induced. Thus, judicious use of TNF 

alpha inhibition may be helpful in these cases, as we found in 3 of our patients who 

subsequently became candidates for advanced HF therapies. It should be noted that TNF 

alpha inhibitor treatment in our cohort did not reverse those with advanced cardiomyopathy 

or heart block, raising the question of its efficacy at these later stages of disease. Earlier 

introduction of TNF alpha inhibitors, currently considered third-line agents in sarcoidosis, to 

alter disease course warrants further investigation.

FDG-PET Imaging in the Treatment of CS

Cardiac FDG-PET imaging is increasingly used in the diagnosis and monitoring of CS.16 

FDG is a glucose analogue taken up by macrophages, the drivers of granulomatous 

inflammation in sarcoidosis.32 Serial FDG-PET examinations help to monitor response to 

immunosuppressive therapy and may guide treatment changes.33–35 In our cohort, almost all 

patients had cardiac FDG uptake despite previous immunosuppressive treatment, in line with 

prior studies demonstrating corticosteroid resistance on FDG-PET scan.36 The presence of 

cardiac FDG uptake has been associated with increased rates of cardiac events and mortality, 

therefore raising the question of whether one metric of adequate treatment should be 

suppression of cardiac inflammation.11 We demonstrated significant decrease in cardiac 

FDG uptake after TNF alpha inhibitor treatment using both established semiquantitative and 

qualitative methods, with the majority of patients experiencing improvement or complete 

resolution of cardiac FDG uptake. Notably, FDG-PET results provided us with an objective 

marker of cardiac response to treatment to allow significant decreases in corticosteroid 

dosing.

Our study adds incremental value to only recently published limited case series of TNF 

alpha inhibition in CS.37–39 In the previous largest series, Harper and colleagues37 

retrospectively demonstrated that 75% of patients with refractory CS (defined by World 

Association of Sarcoidosis and Other Granulomatous Diseases criteria) responded to 

infliximab therapy based on one of the following, without worsening in the other 2 

categories: prednisone dose reduction, LVEF improvement by 5% or greater, or a decrease in 

dysrhythmia burden.38 FDG-PET data were unavailable. In a subsequent series of 20 

patients with CS receiving a variety of TNF alpha inhibitors (infliximab, adalimumab, or 

golimumab), patients experienced qualitative improvement on cardiac FDG-PET scan, a 

decrease in mean prednisone dose, and stable LVEF, notably including 7 of 20 patients who 

did not meet HRS criteria (defined as “possible” CS).38 A third study included 19 

methotrexate-treated patients who received adalimumab, with 63% showing complete 

resolution based on FDG imaging.39 No significant toxicity was noted (including infection 

or worsening HF). Our current study is the largest study of TNF alpha inhibitor use in CS, 

that also includes a multi-institutional cohort, both infliximab- and adalimumab-treated 
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patients, and rigorous imaging data including both echocardiography and FDG-PET 

assessments over time.

Implications for Clinical Practice

These data support the need for a standardized approach to immunosuppressive treatment of 

CS, including determination of optimal corticosteroid dosing and weaning as well as timing 

and indications for consideration of TNF alpha inhibitor therapy. Additionally, it is possible 

that the quality of life for patients receiving TNF antagonist therapy (particularly 

adalimumab given the mode of administration) may be improved relative to those CS 

patients on chronic prednisone therapy. Ultimately, hypotheses-driven prospective studies in 

sarcoidosis are needed to identify optimal treatment strategies and will require multicenter, 

organ-specific investigations.

Limitations

This study has several limitations. First, although it comprises 2 large sarcoidosis centers 

with expertise in treatment of CS and similar practices, generalizability may be limited by 

referral bias and sample size. Second, major barriers exist in access to TNF alpha inhibitor 

treatment including insurance coverage, and it was not feasible to capture all patients for 

whom this treatment may have been considered. Third, this was a retrospective cohort study 

and we did not have a control group. Therefore, it is possible that a treatment effect may not 

be entirely attributable to TNF alpha inhibition. However, the majority of patients had active 

cardiac disease, as evidenced by pretreatment cardiac FDG uptake, despite optimized 

immunosuppressive strategies directed by a specialty sarcoidosis clinic and collaborating HF 

cardiologists. Last, we cannot make conclusions as to the long-term effects of TNF alpha 

inhibition given the relatively short follow-up duration.

Conclusions

We demonstrate that TNF alpha inhibitor treatment (1) allowed significant decrease in 

corticosteroid dose, (2) was tolerated from a HF standpoint in the majority of patients but 

infections were common, and (3) significantly reduced cardiac FDG uptake and numerically 

decreased clinical cardiac events.
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Fig. 1. 
Change in prednisone dose before and after treatment of cardiac sarcoidosis with tumor 

necrosis factor (TNF) alpha inhibitor. Boxplot of prednisone dose with median and 

interquartile range (black line and rectangles) and mean (red dots) dose. Prednisone dose at 

time of TNF alpha inhibitor initiation (n = 33) decreased significantly at both 6 months (n = 

31, P = .001) and 12 months (n = 17, P = .002) when compared with the baseline dose.
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Fig. 2. 
Change in left ventricular ejection fraction (LVEF) by echocardiographic assessment from 

before to after treatment of cardiac sarcoidosis with tumor necrosis factor alpha inhibitor 

treatment. The black line indicates overall cohort mean LVEF before and after treatment (n = 

29, P = .1). The blue lines indicate patients with improved or stable LVEF, and the yellow 
lines indicate patients with decline in LVEF.
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Fig. 3. 
Changes in quantitative 18-flourodoxyglucose positron emission tomography (FDG-PET) 

assessments before and after treatment of cardiac sarcoidosis with tumor necrosis factor 

(TNF) alpha inhibitor treatment.
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Table 1.

Characteristics of 38 patients at time of cardiac sarcoidosis diagnosis.

Characteristics Mean ± Standard Deviation or n (%)

Age, years 49.9 ± 9.5

Race White 18 (47)

African American 20 (53)

Female 16 (42)

Cardiac presentation Ventricular arrhythmia: 13 (34)

 Sustained 7 (18)

 Non-sustained 6 (16)

Atrial fibrillation 4 (11)

Atrioventricular block: 10 (26.3)

 First degree 3 (8)

 Second degree 2 (5)

 Third degree 5 (13)

Heart failure 13 (34)

Bundle Branch Block Left 1 (9)

Right 6 (55)

Nonspecific 1 (9)

Ventricular paced 3 (27)

Left ventricular ejection fraction, % 48.5 (15)

Comorbidities Diabetes mellitus 8 (21)

Coronary artery disease 4 (11)

Chronic kidney disease 2 (5)

Prior diagnosis of extracardiac sarcoidosis 19 (50)

Organs involved Lung 29 (76)

Liver 7 (18)

Skin 11 (29)

Eye 6 (16)

Spleen 5 (13)

Neuro 4 (11)

Lymph nodes 23 (61)

Sinuses 3 (8)

Gastrointestinal tract 1 (3)

Joints 5 (13)

Bone 3 (8)

Diagnostic tissue biopsy for sarcoidosis Lung 12 (32)

Lymph node 17 (45)

Skin 3 (8)

Other 4 (11)

Heart 2 (5)

Late gadolinium enhancement on cardiac magnetic resonance imaging (n=31) 24 (77)
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Table 2.

Immunosuppression Regimen and Side Effects Before Tumor Necrosis Factor Alpha Inhibitor Initiation in 38 

Patients With Cardiac Sarcoidosis*

Variables Mean ± Standard Deviation or n (%)

Maximum prednisone dose for CS, mg 45 ± 15.2

No. of SSA used for CS 0 2 (5)

1 21 (55)

2 12 (32)

3 2 (5)

4 1 (3)

First SSA agent used for CS [average maximum dose] Mycophenolate 16 (44) [2059 mg/d]

Methotrexate 11 (31) [16.7 mg/wk]

Azathioprine 8 (22) [171.4 mg/d]

Hydroxychloroquine 1 (3)

Prednisone side effect experienced 29 (76)

Multiple prednisone side effects experienced 21 (55)

Prednisone side effects Weight gain 22 (58)

Gastroesophageal reflux 9 (24)

Mood lability 7 (19)

Osteopenia/osteoporosis 6 (17)

Fluid retention 4 (11)

Appetite change 3 (8)

Diabetes 3 (8)

Skin fragility/bruising 3 (8)

Myopathy 2 (5)

Diaphoresis 2 (5)

Insomnia 2 (6)

Diabetic ketoacidosis/hyperglycemia 1 (3)

Infection 0 (0)

SSA side effect experienced 11 (30)

Multiple SSA side effects experienced 2 (5)

SSA side effects Infection 4 (11)

Gastrointestinal intolerance 4 (11)

Transaminitis 2 (5)

Mouth sores 1 (3)

Pruritis 1 (3)

Hair loss 1 (3)

Thrombocytopenia 1 (3)

Anemia 0

Leukopenia 0

*
Steroid data presented with denominator of 38 patients, all of whom had steroid treatment at some point in clinical course, and 36 of whom had 

steroid treatment for cardiac sarcoidosis (CS) specifically. Steroid-sparing agent (SSA) data are presented with denominator of 37 patients who 
received SSA treatment.
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Table 3.

Clinical Characteristics and Treatment Regimen of 38 Patients With Cardiac Sarcoidosis at the Time of Tumor 

Necrosis Factor Alpha Inhibitor Treatment

Clinical Cardiac Characteristics Mean ± Standard Deviation or n (%)

Antiarrhythmic drug 11 (29)

ICD 27 (71)

ICD therapy delivered 10 (37)

VT ablation 2 (5)

PPM 4 (10.5)

CRT 5 (13)

Left ventricular ejection fraction, % (n=37) 48 (16)

Left ventricular diastolic dimension, cm (n=37) 4.90 ± 0.94

Moderate to severe right ventricular dysfunction (n=30) 2 (7)

Tricuspid annular plane of systolic excursion, mm (n=16) 20 ± 4.1

Heart Failure Medications Beta-blocker 24 (63)

ACE-I/ARB 16 (42)

Mineralocorticoid antagonist 4 (11)

Diuretic 14 (37)

New York Heart Association Class I 14 (37)

II 18 (47)

III 6 (16)

IV 0 (0)

TNF alpha inhibitor treatment characteristics

TNF alpha inhibitor agent Infliximab 30 (79)

Adalimumab 8 (21)

Time from CS diagnosis to TNF alpha inhibitor treatment, days* 490 (727)

Indication for TNF alpha inhibitor treatment Persistent cardiac FDG uptake 22 (58)

Cardiac events 13 (34)

Intolerance to other regimen 17 (45)

Multiple indications 14 (37)

TNF alpha inhibitor maximum dose Infliximab, mg/kg 6.1 ± 2.2

 3 mg/kg 1 (3)

 5 mg/kg 21 (70)

 6 mg/kg 1 (3)

 10 mg/kg 7 (23)

Adalimumab, mg 40 ± 0

Dose increased during treatment 7 (18)

Frequency increased during treatment 4 (11)

Continuous variables are expressed as mean ± standard deviation if normal distribution or * median [IQR] if non-normal. Categorical variables are 
expressed as number (%).

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CRT, cardiac resynchronization therapy; CS, cardiac 
sarcoidosis; FDG, 18F-fluorodeoxyglucose; ICD, implantable cardiac defibrillator; PPM, permanent pacemaker; TNF, tumor necrosis factor; VT, 
ventricular tachycardia
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Table 4.

FDG-PET Findings in 38 Patients Undergoing Treatment With Tumor Necrosis Factor Alpha Inhibitor for 

Cardiac Sarcoidosis

PET 1 (Pretreatment) (n = 38) PET 2 (n = 28) PET 3 (n = 15)

Time from TNF alpha inhibitor initiation, days* −74 [76.5] 176 [54] 370 [212]

Perfusion defect present 23 (61%) (n = 38) 14 (54%) (n = 26) 12 (80%) (n = 15)

Cardiac FDG uptake present 31 (84%) (n = 37) 8 (31%) (n = 26) 4 (29%) (n = 14)

Number of involved segments 3.95 ± 3.8) (n = 23) 0.72 ± 2.2 (n = 22) 0.7 ± 2.2 (n = 10)

SUVmax 4.1 ± 4.5 (n = 34) 0.54 ± 1.6 (n = 23) 0.65 ± 1.5 (n = 11)

RV FDG uptake present 4 (11%) (n = 36) 0 (n = 27) 0 (n = 15)

LVEF, % 52.6 ± 15.9 (n = 37) 53.8 ± 17.1 (n = 26) 49.3 ± 16.1 (n = 15)

Extracardiac FDG uptake present (pretreatment) or increased 
from prior PET

21 (55%) (n = 38) 8 (29%) (n = 28) 6 (40%) (n = 15)

Continuous variables are expressed as mean ± standard deviation if normal distribution or * median [IQR] if non-normal. Categorical variables are 
expressed as number (%). FDG, 18F-fluorodeoxyglucose; LVEF, left ventricular ejection fraction; PET: positron emission tomography; RV, right 
ventricular; SUVmax, maximum standardized uptake value; TNF, tumor necrosis factor
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