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INTRODUCTION

Cardiac sarcoidosis is associated with high
morbidity and mortality. Management of cardiac
sarcoidosis remains challenging with active
myocardial inflammation and dysfunction
requiring timely diagnosis and treatment. The
lack of randomized clinical trials in cardiac
sarcoidosis has led to treatment decisions being
based on cohort studies and consensus opinions,
with significant variation observed across the
centers. Corticosteroids are recommended as
first-line therapy despite a significant proportion
of patients exhibiting inadequate treatment
response. A small number of retrospective obser-
vational studies have reported that infliximab, an
antitumor necrosis factor-alpha monoclonal
antibody, may be effective in refractory cardiac
sarcoidosis [1,2]. Based on an expert consensus
opinion, the 2023 National Health Service England
recommended infliximab as an off-label routine
commissioning treatment option for refractory
sarcoidosis. We aimed to examine the efficacy of
infliximab for the treatment of steroid refractory
cardiac sarcoidosis using serial quantitative fluo-
rodeoxyglucoseepositron emission tomography/
computed tomography (18F-FDG-PET/CT) imaging.
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METHODS

This retrospective observational cohort study was
conducted at the Queen Elizabeth Hospital Bir-
mingham, a World Association for Sarcoidosis
and Other Granulomatous Disorders referral cen-
ter for sarcoidosis in the United Kingdom. The
study met the local criteria for quality improve-
ment activity and was approved by the University
Hospitals Birmingham National Health Service
Divisional Clinical Quality Group (Clinical Audit
and Registration Management System-17020).
Formal ethical approval was not required.
Following a review of hospital electronic health
records, 12 out of 104 patients diagnosed with
cardiac sarcoidosis between November 01, 2019,
and March 01, 2024 (mean age: 55.2 � 11.4 years,
58% male) were identified as having received
infliximab therapy for the management of re-
fractory cardiac sarcoidosis and were included in
this study. A high confidence diagnosis of cardiac
sarcoidosis was made in accordance with the
Heart Rhythm Society recommendations. All 12
patients had an extra-cardiac histological diag-
nosis of sarcoidosis alongside characteristic
echocardiography, cardiac magnetic resonance
imaging, and 18F-FDG-PET/CT imaging. A strict
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ABBREVIATIONS

ATP anti-tachycardia pacing
CMA cardiac metabolic activity
EF ejection fraction
18F-FDG-PET/CT fluorodeoxyglucoseeposi-

tron emission tomography/
computed tomography

IQR interquartile range
LGE late gadolinium

enhancement
LV left ventricular
MRI magnetic resonance

imaging
RV right ventricular
SUV standardized uptake value
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dietary preparation protocol, as outlined by Man-
abe et al. [3], was followed for all patients prior to
18F-FDG-PET/CT imaging. Cases were discussed in
a multidisciplinary meeting consisting of respira-
tory physicians, radiologists and cardiologists
with expertise in imaging, heart failure and device
therapy. Use of infliximab was limited to ‘re-
fractory disease’ with ongoing cardiac inflamma-
tion as determined by 18F-FDG-PET/CT, that had
failed to respond within 6 months to ‘standard
treatment’ which we defined as corticosteroids
and/or at least one conventional disease-modi-
fying anti-rheumatic drug such as methotrexate
or azathioprine. The decision to initiate infliximab
was always made at a multidisciplinary team
level. This decision was primarily based on 18F-
FDG-PET/CT demonstration of persistence of
myocardial maximum standardized uptake value
(SUVmax)> 2.5 [4] but incorporated clinical aswell
as radiological findings. There was a lower
threshold for initiating treatment with infliximab
in those patients presenting with adverse clinical
events in association with active cardiac disease
(such as a requirement for in-patient admission
for heart failure, reduction in left ventricular
ejection fraction or life threatening arrhythmia
including new atrioventricular block and/or ven-
tricular arrhythmia).

Three initial induction doses of infliximab
(5 mg/kg) were administered at week 0, week 2
and week 6. Subsequently, maintenance doses of
infliximab were administered every 8 weeks for
up to two years, discontinuing if there was no
active inflammation evident on 18F-FDG-PET/CT
imaging. The treatment response was quantified
by serial 18F-FDG-PET/CT imaging. The clinical
18F-FDG-PET/CT scan interpretation performed at
the time of the exam acquisition was categorized
as follows: 1) abnormal positive cardiac FDG
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uptake (focal or focal-on-diffuse), 2) negative FDG
uptake, or 3) diffuse (nonspecific) FDG uptake.
Heterogeneity of FDG myocardial activity, a
landmark of specificity of FDG for the diagnosis of
cardiac sarcoidosis, was assessed visually. Active
myocardial inflammation was defined semi-
quantitatively as SUVmax �2.5 [4]. Given the
absence of a gold standard in cardiac sarcoidosis
for quantifying myocardial uptake of FDG to
assess therapeutic response, cardiac metabolic
activity (CMA) was also assessed. CMA was
calculated as metabolic accumulation volume
(cm3) � SUVmean, representing a composite
parameter reflecting the total sarcoid myocardial
burden [6].
RESULTS

At baseline, seven (58%) patients had impaired
left ventricular (LV) systolic function (defined as
LV ejection fraction <50%) and ten patients (83%)
had an implantable cardioverter-defibrillator
device. Cardiac MRI data were as follows: LV
ejection fraction of 48% (interquartile range [IQR]:
36%e69%), LV mass of 155 � 46 g, LV late gado-
linium enhancement (LGE) present in 8 out of 12
(67%) patients, right ventricular (RV) ejection
fraction of 51 � 16%, and RV LGE present in 4 out
of 12 (33%) patients. Baseline median values of
high sensitivity troponin I and NT-proBNP were
13 ng/L (IQR: 12.3) and 388 ng/L (IQR: 1510.5),
respectively.

Infliximab was initiated at a median 4.0 years
(IQR: 8.8 years) after the patient’’s index presen-
tation with sarcoidosis. After a median duration
of infliximab therapy of 5 months (IQR: 6 months),
compared with baseline, there were reductions in
the LV SUVmax (13.3 (IQR: 6.6) vs 5.1 (IQR: 5.1),
P ¼ .032), LV CMA (400 (IQR: 485) vs 0 (IQR: 170),
P ¼ .002) and RV SUVmax (3.3 (IQR: 2.5) vs 1.9 (IQR:
.8), P ¼ .074; Figure 1A-1C. Ten patients had a
reduction in CMA, with seven of these having a
good response to infliximab based on a CMA
reduction rate >70%, a marker of scintigraphic
response and improved clinical outcomes in the
PRESTIGE trial [5]. There were discordant findings
between visual and semiquantitative assess-
ments: 5 out of the 11 (46%) initial follow-up 18F-
FDG-PET/CT studies supported focal active car-
diac sarcoidosis (SUVmax �2.5) on semi-
quantitative analysis despite being initially
categorized as negative on visual assessment. In
the six patients who have completed 2 years of
infliximab therapy to date, overall findings sup-
port a sustained response as determined by the
trend shown in 18F-FDG-PET/CT imaging at base-
line versus 2 years (baseline SUVmax: 12.3 (IQR:
9.2) versus 2 years SUVmax: 3.9 (IQR: 4.3), P ¼ .06).
logy (2025) 50, 102265



Figure 1. 18F-FDG-PET/CT imaging demonstrates treatment response to infliximab in cardiac sarcoidosis. (A, B and C) Serial 18F-
FDG-PET/CT findings in patients with steroid refractory cardiac sarcoidosis treated with infliximab. $Follow-up 18F-FDG-PET/CT
imaging performed at a median of 5 months (IQR: 6 months) after starting infliximab. Changes in (A) LV maximal metabolic
disease activity (SUVmax), (B) LV total disease activity (cardiac metabolic activity, CMA) and (C) RV maximal metabolic disease
activity (SUVmax [RV]) following infliximab. Wilcoxon tests were performed. One patient is presented twice as two courses of
infliximab were administered over 4 years due to disease relapse within 3 months of suspending infliximab at 2 years. (D, E and F)
Serial 18F-FDG-PET/CT imaging in a patient presenting with exertional dyspnea, subsequent symptomatic high-grade atrioven-
tricular block, and impaired LV systolic function. (D) Baseline imaging in patient with steroid refractory sarcoidosis. (E) Imaging at
3 months demonstrates complete metabolic resolution in all LV regions. (F) Imaging at 2 years following continued infliximab
therapy demonstrates continued complete metabolic remission. CMA, cardiac metabolic activity; 18F-FDG-PET/CT, fluorodeox-
yglucosee positron emission tomography/computed tomography; LV, left ventricular; LVEF, LV ejection fraction; RV, right ven-
tricular; SUVmax, maximum standardized uptake value.
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Representative serial 18F-FDG-PET/CT images are
displayed in Figure 1D-1F, demonstrating com-
plete and sustained metabolic remission in a
typical patient, at baseline, 3 and 24 months after
infliximab therapy. Of the six (50%) patients that
reached 2 years duration of therapy, four (25%)
were discontinued as per protocol after 18F-FDG-
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PET/CT imaging demonstrated quiescent disease.
Of those four patients, one had to be recom-
menced on infliximab after maintenance therapy
with corticosteroids and a single conventional
disease-modifying antirheumatic drug failed to
suppress disease. Two patients remained on
infliximab therapy beyond 2 years, one due to
logy (2025) 50, 102265
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extra-cardiac indications and another due to
ongoing myocardial inflammation.

There was no correlation between baseline hs-
troponin I and SUVmax (rs ¼ �.09, P ¼ .81,
Spearman’s rank correlation coefficient) or CMA
(rs ¼ �.31, P ¼ .39, Spearman’s rank correlation
coefficient). Similarly, there was no correlation
between baseline NTproBNP and SUVmax
(r2 ¼ .02, P ¼ .75, Pearson correlation coefficients)
or CMA (r2 ¼ .25, P ¼ .17, Pearson correlation co-
efficients). Due to the unavailability of follow-up
cardiac biomarkers within this small cohort, we
were unable to draw any meaningful correlations
with scintigraphic responses to treatment.

With regards to tolerability of infliximab therapy,
one patient reported a rash and one patient dis-
continued treatment after 2 months due to infec-
tion. The LV ejection fraction, assessed by
echocardiography, remained stable following a
median 11 months of infliximab treatment
(pretreatment LV ejection fraction: mean 38.6%
(standard deviation [SD]: 17.6%) versus posttreat-
ment LV ejection fraction: mean 46.6% (SD: 12.7%),
P ¼ .263).

One patient required in-patient transfer for
treatment of cardiogenic shock and suffered an
arrhythmic sudden cardiac death on day 5 post-
infliximab and therefore did not receive a follow-
up 18F-FDG-PET/CT. Only one patient on mainte-
nance infliximab therapy experienced a single
episode of ventricular tachycardia, which termi-
nated with anti-tachycardia pacing. This patient’s
pre-infliximab 18F-FDG-PET/CT imaging showed
SUVmax 17.7, CMA 294 versus 5-months imaging
demonstrating SUVmax 4.5, CMA 0. In the patient
who discontinued infliximab at 2 months due to
infection, thepretreatment 18F-FDG-PET/CTshowed
SUVmax 14.0, CMA 168 with follow-up imaging
indicatingSUVmax3.7, CMA0.Thispatient received
eight appropriate implantable cardioverter-
defibrillator shocks for ventricular fibrillation and
required anti-tachycardia pacing therapies to
terminate multiple episodes of sustained ventricu-
lar tachycardia within the 2 years follow-up period.
DISCUSSION

This study is limited by its sample size, its
retrospective single-center observational design
and the non-randomized assignment of treat-
ment. Furthermore, semiquantitative analysis of
heterogeneity (coefficient of variation) of
myocardial FDG uptake, was not reported, which
could have provided additional value. Nonethe-
less, these data support that treatment with
infliximab in patients with refractory cardiac
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sarcoidosis represents an effective strategy. Pro-
spective trials are needed to fully inform the
benefit of using infliximab in this condition.

NEW KNOWLEDGE GAIN AND CLINICAL
PERSPECTIVE
logy (
t is new?
� To date, there are no published randomized
controlled trials to guide treatment decisions on
immunosuppressant therapy in cardiac
sarcoidosis. This real-world observational
cohort study adds to the very limited evidence
supporting the use of infliximab in patients
with steroid refractory disease.
t are the clinical implications?
� This study highlights the need to perform serial
quantitative measures of fluorodeoxyglucose
volume-intensity (cardiac metabolic activity
[CMA]), which may provide a more informative
assessment of the response to immunosup-
pressive therapy than myocardial maximum
standardized uptake value (SUVmax) or visual
assessment per se.

� This study highlights a need for a prospective
study to confirm the efficacy of infliximab ther-
apy in the management of cardiac sarcoidosis;
when designing such a trial, it will be important
to include comparisons of visual and quantita-
tive assessments of fluorodeoxyglucoseeposi-
tron emission tomography/computed
tomography imaging that incorporate both
SUVmax and CMA measurements.
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