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Background. Side effects limit the long-term use of glucocorticoids in cardiac sarcoidosis
(CS), and methotrexate has gained attention as steroid sparing agent although the supporting
evidence is poor. This study compared prednisone monotherapy, methotrexate monotherapy or
a combination of both, in the reduction of myocardial Fluorine-18 fluorodeoxyglucose (FDG)
uptake and clinical stabilization of CS patients.

Methods and results. In this retrospective cohort study, 61 newly diagnosed and treatment
naive CS patients commenced treatment with prednisone (N = 21), methotrexate (N = 30) or
prednisone and methotrexate (N = 10) between January 2010 and December 2017. Primary
outcome was metabolic response on FDG PET/CT and secondary outcomes were treatment
patterns, major adverse cardiovascular events, left ventricular ejection fraction, biomarkers
and side effects. At a median treatment duration of 6.2 [5.7-7.2] months, 71.4% of patients were
FDG PET/CT responders, and the overall myocardial maximum standardized uptake value
decreased from 6.9 [5.0-10.1] to 3.4 [2.1-4.7] (P < 0.001), with no significant differences between
treatment groups. During 24 months of follow-up, 7 patients (33.3%; prednisone), 6 patients
(20.0%; methotrexate) and 1 patient (10.0%; combination group) experienced at least one
major adverse cardiovascular event (P = 0.292). Left ventricular ejection fraction was pre-
served in all treatment groups.
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Conclusions. Significant suppression of cardiac FDG uptake occurred in CS patients after
6 months of prednisone, methotrexate or combination therapy. There were no significant dif-
ferences in clinical outcomes during follow-up. These results warrant further investigation of
methotrexate treatment in CS patients. (J Nucl Cardiol 2023;30:1543-53.)
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Abbreviations
EANM European Association of Nuclear

Medicine

AVB Atrioventricular block
BMI Body mass index
CMR Cardiac magnetic resonance imaging
CS Cardiac sarcoidosis
CT Computed tomography
FDG Fluorine-18 fluorodeoxyglucose
ICD Implantable cardioverter defibrillator
LGE Late gadolinium enhancement
MACE Major adverse cardiovascular events
MTX Methotrexate
NT-pro- N-terminal pro-brain natriuretic
BNP peptide
OSA Obstructive sleep apnea
PET Positron emission tomography
PRED Prednisone
RV Right ventricular
sIL-2R Serum soluble interleukin-2 receptor
SUVmax Maximum standardized uptake value
VA Ventricular arrhythmias
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INTRODUCTION

Clinically manifest cardiac involvement occurs in
approximately 5% of sarcoidosis patients and involves
conduction abnormalities, ventricular arrhythmias (VA)
and heart failure.! Cardiac sarcoidosis (CS) is often
subclinical and under-recognized,” with autopsy and
cardiac magnetic resonance imaging (CMR) studies
reporting cardiac involvement in 25% to 30% of cases.’
A clinical diagnosis of CS can be made based on a
combination of extra-cardiac histology, clinical findings
and results from advanced cardiac imaging such as CMR
and Fluorine-18 fluorodeoxyglucose (FDG) positron
emission tomography with computed tomography
(PET/CT)."* FDG PET/CT detects active inflammation
in the myocardium,’ and visual- and quantitative anal-
ysis has prognostic value.*”® FDG PET/CT is used in the
monitoring of immunosuppressive treatment and several
studies have reported an association between cardiac
PET/CT improvement and favorable clinical
outcomes.” "’

Treatment of CS with immunosuppressive therapies
is recommended in patients with conduction abnormal-
ities or VA, as well as heart failure."** These
recommendations are based on a limited number of
observational studies, in absence of randomized con-
trolled trials in CS.'*!'> Furthermore, less is known
about the treatment of CS patients without rhythm or
conduction disorders and with a preserved left ventric-
ular ejection fraction (LVEF), but with myocardial FDG
uptake.” It has been proposed that myocardial FDG
uptake should be considered an indication for treat-
ment,” although this has not yet been validated in
clinical studies. The management of CS is therefore
highly empiric and heterogeneous, although glucocorti-
coids and methotrexate are generally considered as the
first and second-line therapy of choice.”'> Multiple side
effects such as hypertension, diabetes, weight gain and
osteoporosis limit the long-term use of glucocorti-
coids,'® and methotrexate has gained attention as
steroid sparing agent with a potentially more favorable
safety profile.'® The objective of this study was to
compare the effects of prednisone monotherapy,
methotrexate monotherapy or a combination of low-
dose prednisone and methotrexate on myocardial FDG
uptake and clinical outcomes in treatment naive CS
patients.

METHODS

Study design

A retrospective, single center cohort study was
performed in the St. Antonius Hospital, the Netherlands,
a tertiary referral center for sarcoidosis including CS.
All patients who were newly diagnosed with CS and
subsequently treated with prednisone and/or methotrex-
ate between January 2010 and December 2017 were
included.

Local institutional review board (Medical Research
Ethics Committees United, Nieuwegein, The Nether-
lands) approval was obtained with registration number
R&D/Z19.004, with a waiver of informed consent. This
study was designed and reported in agreement with the
criteria as defined in Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE,
Table S1)."”
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Study population and treatment protocol

Eligible patients were > 18 years of age and diag-
nosed with CS by clinical consensus in a
multidisciplinary team. Diagnosis was based on clinical
findings, CMR and FDG PET/CT findings and extra-
cardiac sarcoidosis diagnosis.'® All patients fulfilled
either the 2014 Hearth Rhythm Society or the 2016
Japanese Circulatory Society diagnostic criteria for
cs.'?

Additional inclusion criteria were (1) baseline
myocardial FDG uptake, (2) a minimum of 6 months
follow-up, and (3) immunosuppressive therapy with oral
prednisone and/or methotrexate had to be initiated
within 3 months after CS diagnosis. Patients treated
with immunosuppressive therapies in the past 3 months
before baseline were excluded.

Prednisone monotherapy typically consisted of a
starting dose of 40 mg daily for 1 month, followed by
taper to 20 mg daily at 3 months and 10 mg daily at
6 months. Methotrexate monotherapy and combination
therapy started with 10 mg weekly, and was increased to
15 mg weekly over a 4-week period. All patients on
methotrexate therapy received folic acid at a dosage of
5 mg weekly or biweekly. Patients with combination
therapy typically received prednisone 20 mg daily for
1 month followed by prednisone taper to approximately
10 mg daily at 3 months. For all immunosuppressive
regimens, doses were subsequently adjusted based on
findings from clinical follow-up, FDG PET/CT and side
effects.

Clinical characteristics and outcome
parameters

Data on baseline demographics, medical history,
severity of disease, immunosuppressive treatment, side
effects and serum biomarkers was collected by review of
the electronic medical records. Baseline FDG PET/CT
was performed prior to CS diagnosis and before the
initiation of immunosuppressive therapy. FDG PET/CT
was performed with a Philips Gemini Time of Flight
PET/CT scanner (Philips Medical Systems, Eindhoven,
The Netherlands). Serial FDG PET/CT scans were
performed at approximately six to twelve month inter-
vals. Baseline PET scanning was performed prior to CS
diagnosis and before the initiation of immunosuppres-
sive therapy. Subsequent follow-up FDG PET/CT scans
were obtained while patients were on immunosuppres-
sive therapy. All FDG PET/CT scans were performed in
accordance with the European Association of Nuclear
Medicine (EANM) guidelines and the department of
nuclear medicine is EARL accredited by the EANM.
Patients were instructed to have a carbohydrate-
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restricted diet for 24 h followed by a fast of at least
6 h prior to FDG injection. From October 2013 onwards,
all patients received 50 IU/kg unfractionated heparin
intravenously 15 min prior to FDG injection to suppress
physiologic myocardial uptake. Blood glucose level was
measured in all patients prior to injecting FDG. FDG
was administered when the plasma glucose level was <
10 mmol-L™". Visual interpretation of cardiac FDG
uptake was assessed as no uptake, diffuse uptake, focal
uptake or focal on diffuse uptake."'® Myocardial FDG
uptake was defined as either diffuse, focal or focal on
diffuse uptake. Right ventricular (RV) FDG uptake was
scored as yes or no. Quantitative assessment of FDG
uptake was performed using the maximum standardized
uptake value (SUVmax). Regions of interest (ROI) were
drawn over the visually affected part of the heart to
measure the myocardial SUVmax. ROI was drawn at the
same lesion/area at baseline and follow-up scan. Fur-
thermore, a ‘‘normalized SUVmax’’ was determined by
calculating the ratio between the myocardial SUVmax
and the SUVmean of the blood pool, measured in the
descending thoracic aorta.’**' All FDG PET/CT images
were scored by a single experienced nuclear medicine
physician (R.G.M.K.) blinded for treatment regimens
and clinical outcomes. Serial FDG PET/CT scans were
performed at approximately 6 to 12 month intervals.
Patients generally received CMR at baseline and CMR
images were scored on both the presence of late
gadolinium enhancement (LGE) and LVEF. Serum
biomarkers included serum soluble interleukin-2 recep-
tor (sIL-2R) and N-terminal pro-brain natriuretic peptide
(NT-pro-BNP).

The primary outcome parameter was the metabolic
response based on visual interpretation and quantitative
analysis of cardiac FDG PET/CT within 12 months from
initiation of treatment. FDG PET/CT response was
defined as a reduction in myocardial SUVmax > 30.0%.
Secondary outcomes included treatment patterns, major
adverse cardiovascular events (MACE), change in
LVEF, biomarkers and side effects during 24 months
after treatment start. MACE was defined as cardiac
death, heart transplantation, VA, new Mobitz type II
second or third degree atrioventricular block (AVB),
appropriate implantable cardioverter defibrillator (ICD)
therapy and hospitalization due to heart failure. In
patients with and without MACE, RV FDG uptake and
SUVmax values were compared. LVEF during follow-
up was determined by transthoracic echocardiography
using the biplane Simpson’s method. Only side effects
requiring dose reduction or permanent discontinuation
of immunosuppressive therapy and side effects requiring
medical treatment or hospitalization were taken into
account. Body weight was documented at baseline and
at follow-up PET/CT.
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Statistical analysis

Study data were collected and managed using the
REDCap electronic data capture tool. Statistical analysis
was performed with IBM SPSS 26.0 Statistics software
(IBM, Armonk, New York, USA). Categorical variables
are expressed as absolute numbers and percentages,
continuous variables as means + SD in case of normal
distribution or as medians [25th-75th percentile]. The
normality of continuous variables was assessed visually
by means of the frequency histogram and Q-Q plot and
was tested using the Shapiro—Wilk test. The likelihood-
ratio chi-square test or Fisher’s Exact test was used to
compare categorical variables. The independent-samples
T-test or Mann—Whitney U test was used to compare
mean or median values of two continuous variables. The
one-way ANOVA or Kruskal Wallis test was applied to
the comparison of the means or medians of three
continuous variables. The McNemar test was used to

Patients assessed for eligibility
N =143
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compare categorical variables of two related samples.
The paired-samples T-test or Wilcoxon signed rank test
was used to compare mean or median values of two
related samples. Kaplan—Meier analysis was used for
observed MACE free survival during follow-up with the
Log-Rank test for comparison between curves. A two-
tailed P value of < 0.05 was considered significant.

RESULTS

Study population

Overall, 61 patients were included in this study
(Fig. 1). One patient died from esophageal cancer
7 months after treatment initiation. A methotrexate
treated patient was lost to follow-up after heart trans-
plantation 12 months after treatment initiation, after
being hospitalized due to heart failure after 7 months of

82 excluded due to
(33) no cardiac FDG uptake

(36) already treated

v

Eligible patients

(9) no treatment initiated
< 3 months after diagnosis

(4) treated with other

N =61 . h .
immunosuppressive therapies
! ! ‘
Prednisone Methotrexate Pred + MTX
N=21 N =230 N=10

: :

;

Baseline PET + clinical evaluation

N =61
I I I
Prednisone Methotrexate Pred + MTX (5) no follow-up PET< 12
N=18 N =30 N=8 months

Follow-up PET evaluation
N =56

Figure 1. Patient disposition. MTX, methotrexate; pred, prednisone.
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treatment. This patient was included in the analysis of
follow-up PET/CT and MACE.

Immunosuppressive treatment was initiated with
prednisone (N = 21), methotrexate (N = 30), or a com-
bination (N = 10). Initial monotherapy prednisone dose
was 40 mg (N = 18), 35 mg (N =2) or 20 mg daily
(N = 1), which was tapered to a median dose of 12.5 mg
[10-15 mg] at 6 months. Methotrexate was dosed at
15 mg weekly for at least 6 months in all cases (both
monotherapy and combination group). The initial com-
bination therapy prednisone dose was 40 mg (N = 2),
20 mg (N = 6) or 10 mg daily (N = 2). Of the combi-
nation group, 4 patients still used prednisone after
6 months, at a dose of 7.5 to 15 mg. Baseline charac-
teristics were generally balanced between groups
(Table 1). BMI was higher and arterial hypertension
was present more frequently in methotrexate treated
patients. Importantly, prednisone treated patients more
often had VA at baseline (P = 0.040). Accordingly, ICD
and pacemaker implantation and antiarrhythmic treat-
ment occurred more frequently in the prednisone group.

FDG PET evaluation

At baseline, 48 of 61 patients (78.7%) showed focal
cardiac FDG uptake and 13 of 61 patients (21.3%)
showed diffuse cardiac FDG uptake, while RV FDG
uptake was observed in 24 (39.3%) patients. Follow-up
FDG PET/CT scans were available for 56 patients.
Median intervals between baseline PET/CT and first
follow-up PET/CT in the prednisone, methotrexate and
combination group, were, respectively, 8.5 [6.1-11]
months, 9.4 [7.4-12] months and 8.7 [7.5-10] months
(P = 0.412) and median intervals from treatment start to
first follow-up PET/CT were 6.0 [4.5-6.9] months, 6.4
[5.8-7.7] months and 6.1 [6.0-7.0] months (P = 0.306).
Uptake pattern at first follow-up PET/CT differed
significantly from baseline in all groups except for the
prednisone group (Table 2). At first follow-up PET/CT,
24 patients (42.9%) showed no cardiac FDG uptake. In
the combination group, 7 of 8 patients (87.5%) showed
no cardiac FDG uptake, more frequent than in the
prednisone group (P = 0.005) and methotrexate group
(P =0.042). At first follow-up PET/CT, myocardial
SUVmax values were significantly reduced compared to
baseline in all treatment groups. Overall, myocardial
SUVmax was reduced from 6.9 [5.0-10.1] to 3.4 [2.1-
4.7] (P < 0.001), corresponding to a change of — 47%
[— 69 to — 25] (Table 2). Reductions in normalized
myocardial SUVmax were similar to the reductions in
myocardial SUVmax (data not shown). Overall, 40 of 56
patients (71.4%) were FDG PET/CT responder.
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Treatment patterns

Before 2016, initial treatment of 27 patients con-
sisted of prednisone (20), methotrexate (3) or
combination treatment (4). From 2016 onwards, initial
therapies in 34 patients were prednisone (1), methotrex-
ate (27) or combination treatment (6). After 24 months
of follow-up, 34 patients (55.7%) remained on
methotrexate monotherapy or were switched to
methotrexate monotherapy (Fig. 2). Three patients were
on third line immunosuppressive therapies, such as
infliximab.

Major adverse cardiovascular events
and safety

During follow-up, 14 patients experienced at least
one MACE, involving appropriate ICD therapy
(N = 10), hospitalization due to heart failure (N = 3)
and new third degree AVB (N = 1). One methotrexate
treated patient underwent heart transplantation, how-
ever, this patient was hospitalized due to heart failure
earlier on. One methotrexate treated patient developed
new third degree AVB. Overall, 7 patients (33.3%) of
the prednisone group, 6 patients (20.0%) of the
methotrexate group and 1 patient (10.0%) of the
combination group experienced MACE (P = 0.292)
(Fig. 3). Importantly, 6 out of 10 patients experiencing
appropriate ICD therapy during follow-up, already
showed VA at baseline (P < 0.001).

Patients with baseline RV FDG uptake experienced
MACE more often during follow-up: 11 out of 24
patients (45.8%) with RV uptake vs 3 out of 37 patients
(8.1%) without RV uptake (P = 0.001). Myocardial
FDG uptake was higher in patients experiencing MACE.
In patients with and without MACE, myocardial
SUVmax values were 10.4 [6.9-15.3] vs 5.9 [4.7-8.3]
(P = 0.003) at baseline and 4.7 [3.8-7.5] vs 2.8 [1.9-4.3]
(P =0.002) at follow-up.

For 53 patients LVEF measurements were available
at a median of 16 [13—-21] months since treatment start.
Median follow-up LVEF measurements did not differ
significantly from baseline values in all treatment groups
(Table 3). For 39 patients, NT-proBNP measurements
were performed at a median of 21 [16-24] months after
treatment start. Only in the combination treatment
group, NT-pro-BNP values were significantly decreased
at follow-up (Table S2). Follow-up sIL-2R values were
available for 60 patients at a median interval of 22
[20-24] months since treatment start and were signifi-
cantly lower than baseline in all groups (Table S2).

Side effects occurred in 3 (prednisone), 7
(methotrexate) and 4 (combination group) patients. In
prednisone treated patients, side effects were obstructive
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Table 1. Baseline characteristics of all eligible patients

Total Prednisone MTX Pred + MTX P
Characteristic N =61 N =21 N =30 N=10 value
Demographics
Age (years) 52.5 + 105 50.8 £+ 9.7 54.8 + 11.1 49.2 £+ 9.8 0.229
Male sex 46 (75.4) 17 (81.0) 21 (70.0) 8 (80.0) 0.625
Caucasian ethnicity 60 (98.4) 20 (95.2) 30 (100.0) 10 (100.0) 0.339
BMI (kg/mz) 279 +4.2 254 +3.0 294 + 4.0 285+5.2 0.003"
Hypertension 19 (31.1) 2 (9.5) 14 (46.7) 3 (30.0) 0.012"
Diabetes mellitus 5 (8.2) 0 (0.0) 4 (13.3) 1(10.0) 0.104
Coronary artery 2 (3.3) 0 (0.0) 2 (6.7) 0 (0.0) 0.234
disease
Disease severity
Extra-cardiac sarcoidosis
- Pulmonary 52 (85.2) 19 (90.5) 24 (80.0) 9 (90.0) 0.519
- Neurologic 3 (4.9) 1(4.8) 2 (6.7) 0 (0.0) 0.552
- Liver 11 (18.0) 6 (28.6) 3 (10.0) 2 (20.0) 0.231
- Ocular 5(8.2) 1 (4.8) 3 (10.0) 1(10.0) 0.761
Isolated cardiac 2 (3.3) 1 (4.8) 1(3.3) 0 (0.0) 0.672
sarcoidosis
Cardiac manifestations
NYHA functional class
I 25 (41.0) 10 (47.6) 12 (40.0) 3 (30.0) 0.670
Il 25 (41.0) 9 (42.9) 11 (36.7) 5 (50.0)
1l 11 (18.0) 2 (9.5) 7 (23.3) 2 (20.0)
Ventricular 9 (14.8) 6 (28.6) 3 (10.0) 0 (0.0) 0.040
arrhythmias
Second/third 15 (24.6) 6 (28.6) 5 (16.7) 4 (40.0) 0.297
degree AVB
LVEF (%) 53.5[46.8 - 60.0] 52.0[44.3 - 58.0] 56.0[47.0 - 60.0] 56.0[45.8 - 60.0] 0.407
(N = 58) (N =21) (N =127) (N =10)
LGE on CMR 52 (89.7) 19 (90.5) 24 (88.9) 9 (90.0) 0.983
(N = 58) (N =21) (N =127) (N =10)
Treatment
ICD or pacemaker 35 (57.4) 16 (76.2) 13 (43.3) 6 (60.0) 0.059"
implanted
Antiarrhythmic 25 (41.0) 12 (57.1) 12 (40.0) 1(10.0) 0.030"
treatment
Biomarkers
sIL-2R (pg/ml) 4940 [2768- 4152 [3301- 4851 [2354- 7325 [3619- 0.354
(Baseline) 7325] 6104] 6915] 10085]
NT-proBNP (pg/ml) 190 [71-547] 217 [116-1212] 184 [68-504] 141 [42-449] 0.489
(Baseline) (N = 45) (N =13) (N = 24) (N =18)

Data are presented as No. (%) or as mean + SD. LVEF is presented as median [25t - 75t percentile]

*P value < 0.05 (prednisone vs MTX); TP value < 0.05 (prednisone vs prednisone + MTX)

AVB, atrioventricular block; BMI, body mass index; CMR, cardiac magnetic resonance imaging; /CD, implantable cardioverter
defibrillator; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; MTX, methotrexate; NYHA, New York
Heart Association

sleep apnea (OSA) (N = 1), osteopenia (N =1) and hospitalization for infection (N = 1), complex partial
Achilles tendon rupture (N = 1). In methotrexate treated seizures (N =1), OSA (N = 1), erectile dysfunction
patients, abnormal liver function tests (N = 2), (N = 1) and hair loss (N = 1) occurred. Hospitalization
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Table 2. Results from visual and quantitative PET evaluation

P
Total Prednisone MTX Pred + MTX value
Visual PET evaluation
Baseline PET N =61 N=21 N =30 N=10
Diffuse 13 (21.3) 3(14.3) 8 (26.7) 2 (20) 0.556
Focal/focal on diffuse 48 (78.7) 18 (85.7) 22 (73.3) 8 (80)
Follow-up PET N =56 N=18 N = 30 N=8
No uptake 24 (42.9) 4(22.2) 13 (43.3) 7 (87.5) 0.019" ¥
Diffuse 9 (16.1) 3 (16.7) 6 (20.0) 0 (0.0)
Focal/focal on diffuse 23 (41.1) 11 (61.1) 11 (36.7) 1(12.5)
P < 0.001 P=0.125 P < 0.001 P=0.016
Quantitative PET evaluation
Baseline PET N =61 N=21 N =30 N=10
Myocardial SUVmax 6.9 [5.0 - 10.1] 7.3[5.4 - 11.3] 6.5 [4.7 - 9.0] 6.3 [4.5-9.7] 0.465
Follow-up PET N =56 N=18 N =30 N=8
Myocardial SUVmax 3.4 [2.1 - 4.7] 3.7 [2.7 - 5.4] 3.411.9 - 4.8] 2.2[1.8-2.7] 0.093"
P < 0.001 P =0.002 P < 0.001 P=0.012
Change SUVmax (%) —47[-69to—- —47[-70to—- —38[-66to—- —67[-72to— 0.248
25] 26] 12] 56]
PET treatment 40 (71.4) 13 (72.2) 20 (66.7) 7 (87.5) 0.468

responder

P value < 0.05 (prednisone vs pred + MTX); P value < 0.05 (MTX vs pred + MTX)
MTX, methotrexate; PET, positron emission tomography; pred, prednisone; SUV, standardized uptake value

for infection (N = 2), new onset diabetes (N = 1) and
unacceptable weight gain (N = 1) were observed in the
combination group. Both patients developing new onset
OSA, experienced significant weight gain (> 10% from
baseline) during treatment. One patient experienced
tinnitus after methotrexate addition to initial prednisone
treatment, one patient was hospitalized for infection
during methotrexate monotherapy after initial combina-
tion therapy. Between baseline and follow-up FDG PET/
CT, BMI increased significantly from 25.6 + 3.2 to
26.3 + 3.3 kg/m? in the prednisone group (P = 0.020).
In the methotrexate (29.4 = 4.0 to 299 + 4.6 kg/mz;
P =0.086) and combination group (28.2 = 3.6 to
29.7 £5.0 kg/mz; P =0.161) this increase was not
statistically significant.

DISCUSSION

This is the first study comparing monotherapy
prednisone, methotrexate and a combination of both in
CS patients. This study showed significant suppression
of cardiac inflammation measured by FDG uptake after
6 months of treatment, irrespective of the regimen.
During 24 months of follow-up, there were no signifi-
cant differences in the occurrence of MACE or the

preservation of LVEF between the three initial treatment
strategies.

Comparison to prior literature

Few studies have reported on the effects of
methotrexate in CS. In a prospective study by Nagai
et al., treatment with glucocorticoids and a low-dose of
6 mg methotrexate weekly resulted in a higher LVEF
and lower NT-pro-BNP levels at 3-year follow-up
compared to glucocorticoids alone, in a population with
an average baseline LVEF of 51%.”> Fussner et al.
compared prednisone monotherapy with steroid sparing
agents (including methotrexate) with or without pred-
nisone and concluded that clinical presentation of CS
had a larger impact on outcomes than treatment regi-
men.”® In a study of Ballul et al., patients treated with
glucocorticoids and azathioprine or methotrexate
showed lower cardiac relapse rates than patients treated
with glucocorticoids monotherapy.”* Event rate was
high in this cohort, with cardiac relapse in 36.1% of
patients and a mortality rate of 8.3% during a median
follow-up of 3.6 years. A treatment regimen of pred-
nisone and methotrexate followed by prednisone taper
was studied by Rosenthal et al.?' Despite good initial
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MTX stable dose: (23)
Methotrexate: (30)

MTX increased dose: (5) l

MTX monotherapy: (7) I

W

Pred + MTX: (10) Azathioprine: (1) m==

Pred + MTX increase: (1) ===

Pred + MTX cont: (2) Il

Pred taper + MTX add: (7) I

Prednisone: (21)

Pred taper: (13)

Pred + AZA add: (1) m=m
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MTX stable / taper: (24)

MTX increased: (6) I

MTX.mono: (4) .
to follow-up: (2)
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Figure 2. Treatment patterns at baseline, at 12 months and 24 months after treatment start. Add,
addition; AZA, azathioprine; cont, continued; MTX, methotrexate; pred, prednisone.
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Figure 3. MACE free survival in prednisone, methotrexate
and combined prednisone and methotrexate treated patients.
MACE, major adverse cardiovascular events; MTX, methotrex-
ate; pred, prednisone.

suppression of myocardial FDG uptake under combina-
tion treatment or methotrexate maintenance, a
substantial number of patients required third line therapy
due to persistent or recurrent myocardial FDG uptake.
Higher quality evidence is needed to compare the safety
and efficacy of prednisone and methotrexate (combina-
tion) therapy, and the results of the CHASM CS-RCT
are therefore highly anticipated.'’

Treatment patterns and safety

In our clinic, immunosuppressive treatment is
initiated after a CS diagnosis with suspicious myocardial
FDG uptake, whether or not conduction abnormalities,
VA or cardiomyopathy are present. Besides myocardial
FDG uptake, 90% of our population showed LGE on
CMR, a combination that poses a higher risk of death,
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Table 3. Results from LVEF analysis
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P
Total Prednisone MTX Pred + MTX value
Baseline N =58 N=21 N=27 N=10
LVEF (%) 53.5 [46.8- 52.0 [44.3- 56.0 [47.0- 56.0 [45.8- 0.407
60.0] 58.0] 60.0] 60.0]
Follow-up N=53 N=17 N =26 N=10
LVEF (%) 55.0 [50.0- 50.0 [46.0- 57.5 [50.0- 60.0 [56.3- 0.069
60.0] 57.5] 60.0] 60.0]
P = 0.666 P =0.836 P=0.810 P =0.326
LVEF difference (Follow-up vs 0.0 [- 4.5- 3.0[- 7.0-7.5] 0.0 [- 5.0- 2.5[- 1.0-5.3] 0.523
baseline) 5.5] 3.5]

Data are presented as median [25th to 75th percentile]

LVEF, left ventricular ejection fraction; MTX, methotrexate; pred, prednisone

arrhythmia and decompensated heart failure.” We there-
fore aimed for early treatment, at a minimum of side
effects. In 2016 and 2017, methotrexate monotherapy
has been used in the majority of new CS diagnoses in
our clinic. As of 2018 high risk patients are treated with
methylprednisolone pulse therapy before methotrexate,
with or without prednisone, is started.

Our results suggest that in the first two years after
diagnosis, methotrexate monotherapy results in a sub-
stantial suppression of myocardial inflammation and
clinical stabilization. While more than a third of
methotrexate treated patients required a dose increase
during follow-up, only 4 out of 30 patients switched to
other second or third line therapies.

Glucocorticoids are considered first-line therapy,
but they may lead to significant morbidity.”> In a study
by Kahn et al., the cumulative incidence of glucocor-
ticoids associated toxicity kept increasing during the
median follow-up of 101 months.*® In a recent survey of
patient reported side effects in sarcoidosis, methotrexate
gave fewer and less bothersome side effects than
prednisone, although median treatment duration was
longer in the prednisone than methotrexate group (24 vs
12 months)."® In our study, methotrexate was not better
tolerated than prednisone during the follow-up of
24 months.

FDG PET findings and major adverse
cardiovascular events

Our observation that RV FDG uptake is associated
with the occurrence of MACE is in line with previous
studies, reporting adverse cardiac events in 26-36% of
patients with RV FDG uptake compared to 3-7% in
those without.>”>?” It has been suggested that RV
involvement occurs in the advanced stages of the

disease, and is associated with a broader distribution
of sarcoid lesions in the LV.?”” We noted higher
SUVmax values in patients with MACE, an association
that has been found before.””*?® In our cohort, adverse
events primarily involved appropriate ICD therapy in
VA. Considering VA in CS can be either due to sarcoid
granulomas or myocardial scarring, there is no uniform
correlation between the extent of myocardial inflamma-
tion in imaging studies and VA.?7*! In line with these
findings are the results of a recent meta-analysis
showing recurrence of VA in a wide range of 14-71%
of CS patients treated with immunosuppressant ther-
apy.”> Based on the significantly higher SUVmax
values, myocardial inflammation seems to be linked to
VA in our population. Besides myocardial inflammation,
pre-treatment VA, and the concomitant use of antiar-
rhythmic drugs need to be taken into account.

LIMITATIONS

Small patient numbers and imbalances in baseline
characteristics warrant a cautious comparison of treat-
ment regimens. Especially the higher occurrence of VA
at baseline in the prednisone group, and some evidence
of more frequent baseline AVB in the combination
group seems to be relevant. Concerning clinical features
could have urged the treating physicians to initiate
prednisone therapy, and this could indicate that the
prednisone and combination groups are at higher risk of
MACE than the methotrexate group. Appropriate ICD
therapy in VA was the most frequently observed event.
In our cohort with generally normal or mildly reduced
LVEF at baseline, LVEF was preserved in all treatment
groups. This is consistent with a recent meta-analysis, in
which immunosuppressive treatment was associated
with preservation of LVEF in patients who presented
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with normal LVEF or mild to moderate LV dysfunc-
tion.”> However, a possible confounder in the
stabilization of LVEF might be the effect of heart
failure therapy.

An important limitation of this study is the lack of a
control group. Therefore the observed effect on myocar-
dial inflammation could represent the natural course of
the disease. Another limitation is the modest sample size
of the study population, although our population is one
of the largest compared to previous published studies.
Finally, in our cohort, a small proportion of patients
showed diffuse FDG uptake, which is less suspicious
than focal or focal on diffuse uptake and might have
been caused by inadequate dietary preparation.

CONCLUSION

We described different treatment strategies in treat-
ment naive cardiac sarcoidosis patients, and found
significant suppression of cardiac FDG uptake after
6 months of prednisone, methotrexate or combination
therapy. There were no significant differences between
the treatment strategies in the occurrence of MACE or
the preservation of LVEF during follow-up. During
24 months of immunosuppressive therapy, we report a
shift from prednisone therapy towards methotrexate
monotherapy, without an increase in adverse events.
These results warrant further investigation of methotrex-
ate treatment in CS patients.

NEW KNOWLEDGE GAINED

In patients with active sarcoidosis, methotrexate
monotherapy and prednisone monotherapy resulted in a
significant and comparable decrease in myocardial FDG
uptake, and no significant differences in the prevalence
of adverse cardiac events. With long-term prednisone
treatment being hampered by its side effects, methotrex-
ate monotherapy seems to be a feasible alternative.

Disclosures

Roeland Vis, Harold Mathijssen, Ruth G.M. Keijsers,
Ewoudt M.\W. van de Garde, Marcel Veltkamp, Fatima Akdim,
Marco C. Post and Jan C. Grutters have no conflicts of interest
or funding sources to disclose.

References

1. Birnie DH, Sauer WH, Bogun F, Cooper JM, Culver DA,
Duvernoy CS. HRS expert consensus statement on the diagnosis
and management of arrhythmias associated with cardiac sar-
coidosis. Heart Rhythm 2014;11:1304-23.

11.

12.

13.

14.

15.

16.

19.

Journal of Nuclear Cardiology®
July/August 2023

. Trivieri MG, Spagnolo P, Birnie D, Liu P, Drake W, Kovacic JC,

et al. Challenges in cardiac and pulmonary sarcoidosis: JACC
State-of-the-Art review. J Am Coll Cardiol 2020;76:1878-901.

. Baughman RP, Valeyre D, Korsten P, Mathioudakis AG, Wuyts

WA, Wells A, et al. ERS clinical practice guidelines on treatment
of sarcoidosis. Eur Respir J 2021;58:2004079.

. Terasaki F, Azuma A, Anzai T, Ishizaka N, Ishida Y, Isobe M,

et al. JCS 2016 guideline on diagnosis and treatment of cardiac
sarcoidosis-digest version. Circ J 2019;83:2329-88.

. Ishimaru S, Tsujino I, Takei T, Tsukamoto E, Sakaue S, Kamigaki

M, et al. Focal uptake on 18F-fluoro-2-deoxyglucose positron
emission tomography images indicates cardiac involvement of
sarcoidosis. Eur Heart J 2005;26:1538-43.

. Blankstein R, Osborne M, Naya M, Waller A, Kim CK, Murthy

VL, et al. Cardiac positron emission tomography enhances prog-
nostic assessments of patients with suspected cardiac sarcoidosis. J
Am Coll Cardiol 2014;63:329-36.

. Wicks EC, Menezes LJ, Barnes A, Mohiddin SA, Sekhri N, Porter

JC, et al. Diagnostic accuracy and prognostic value of simulta-
neous hybrid 18 F-fluorodeoxyglucose positron emission
tomography/magnetic resonance imaging in cardiac sarcoidosis.
Eur Heart J Cardiovasc Imaging 2018;19:757-67.

. Flores RJ, Flaherty KR, Jin Z, Bokhari S. The prognostic value of

quantitating and localizing F-18 FDG uptake in cardiac sar-
coidosis. J Nucl Cardiol 2020;27:2003-10.

. Lee PI, Cheng G, Alavi A. The role of serial FDG PET for

assessing therapeutic response in patients with cardiac sarcoidosis.
J Nucl Cardiol 2017;24:19-28.

. Ahmadian A, Pawar S, Govender P, Berman J, Ruberg FL, Miller

EJ. The response of FDG uptake to immunosuppressive treatment
on FDG PET/CT imaging for cardiac sarcoidosis. J Nucl Cardiol
2017;24:413-24.

Muser D, Santangeli P, Castro SA, Liang JJ, Enriquez A, Werner
TJ, et al. Prognostic role of serial quantitative evaluation of 18F-
fluorodeoxyglucose uptake by PET/CT in patients with cardiac
sarcoidosis presenting with ventricular tachycardia. Eur J Nucl
Med Mol Imaging 2018;45:1394-404.

Ning N, Guo HH, Iagaru A, Mittra E, Fowler M, Witteles R. Serial
cardiac FDG-PET for the diagnosis and therapeutic guidance of
patients with cardiac sarcoidosis. J Card Fail 2019;25:307-11.
Coulden RA, Sonnex EP, Abele JT, Crean AM. Utility of FDG
PET and cardiac MRI in diagnosis and monitoring of immuno-
suppressive treatment in cardiac sarcoidosis. Radiol Cardiothorac
Imaging 2020;2:€190140.

Sadek MM, Yung D, Birnie DH, Beanlands RS, Nery PB. Corti-
costeroid therapy for cardiac sarcoidosis: A systematic review.
Can J Cardiol 2013;29:1034-41.

Birnie D, Beanlands RSB, Nery P, Aaron SD, Culver DA,
DeKemp RA, et al. Cardiac sarcoidosis multi-center randomized
controlled trial (CHASM CS- RCT). Am Heart J 2020;220:246-52.
Kahlmann V, Moor CC, Veltkamp M, Wijsenbeek MS. Patient
reported side-effects of prednisone and methotrexate in a real-
world sarcoidosis population. Chron Respir Dis 2021;18:2-5.

. Vandenbroucke JP, von Elm E, Altman DG, Ggtzsche PC, Mulrow

CD, Pocock SJ, et al. Strengthening the reporting of observational
studies in epidemiology (STROBE): Explanation and elaboration.
PLoS Med 2007;4:1628-54.

. Bakker AL, Grutters JC, Keijsers RG, Post MC. Cardiac sar-

coidosis: challenges in clinical practice. Curr Opin Pulm Med
2017;23:468-75.

Miller RJH, Cadet S, Pournazari P, Pope A, Kransdorf E,
Hamilton MA, et al. Quantitative assessment of cardiac hyper-
metabolism and perfusion for diagnosis of cardiac sarcoidosis. J
Nucl Cardiol 2022;29:86-96.



Journal of Nuclear Cardiology®

Volume 30, Number 4;1543-53

20.

21.

22.

23.

24.

25.

26.

27.

Furuya S, Manabe O, Ohira H, Hirata K, Aikawa T, Naya M, et al.
Which is the proper reference tissue for measuring the change in
FDG PET metabolic volume of cardiac sarcoidosis before and
after steroid therapy? EJINMMI Res 2018;8:94.

Rosenthal DG, Parwani P, Murray TO, Petek BJ, Benn BS, De
MT, et al. Long-term corticosteroid-sparing immunosuppression
for cardiac sarcoidosis. J Am Heart Assoc 2019;8:¢010952.
Nagai S, Yokomatsu T, Tanizawa K, Ikezoe K, Handa T, Ito Y,
et al. Treatment with methotrexate and low-dose corticosteroids in
sarcoidosis patients with cardiac lesions. Intern Med 2014;53:427-
33.

Fussner LA, Karlstedt E, Hodge DO, Fine NM, Kalra S, Carmona
EM, et al. Management and outcomes of cardiac sarcoidosis: A
20-year experience in two tertiary care centres. Eur J Heart Fail
2018;20:1713-20.

Ballul T, Borie R, Crestani B, Daugas E, Descamps V, Dieude P,
et al. Treatment of cardiac sarcoidosis: A comparative study of
steroids and steroids plus immunosuppressive drugs. Int J Cardiol
2019;276:208-11.

Khan NA, Donatelli CV, Tonelli AR, Wiesen J, Ribeiro Neto ML,
Sahoo D, et al. Toxicity risk from glucocorticoids in sarcoidosis
patients. Respir Med 2017;132:9-14.

Omote K, Naya M, Koyanagawa K, Aikawa T, Manabe O, Nagai
T, et al. 18F-FDG uptake of the right ventricle is an important
predictor of histopathologic diagnosis by endomyocardial biopsy
in patients with cardiac sarcoidosis. J Nucl Cardiol 2020;27:2135-
43.

Manabe O, Yoshinaga K, Ohira H, Sato T, Tsujino I, Yamada A,
et al. Right ventricular (18)F-FDG uptake is an important indicator
for cardiac involvement in patients with suspected cardiac sar-
coidosis. Ann Nucl Med 2014;28:656-63.

28.

29.

30.

31.

32.

R. Vis et al. 1553

Prednisone vs methotrexate in treatment naive cardiac sarcoidosis

Ahmadian A, Brogan A, Berman J, Sverdlov AL, Mercier G,
Mazzini M, et al. Quantitative interpretation of FDG PET/CT with
myocardial perfusion imaging increases diagnostic information in
the evaluation of cardiac sarcoidosis. J Nucl Cardiol 2014;21:925-
39.

Furushima H, Chinushi M, Sugiura H, Kasai H, Washizuka T,
Aizawa Y. Ventricular tachyarrhythmia associated with cardiac
sarcoidosis: Its mechanisms and outcome. Clin Cardiol
2004;27:217-22.

Banba K, Kusano KF, Nakamura K, Morita H, Ogawa A, Ohtsuka
F, et al. Relationship between arrhythmogenesis and disease
activity in cardiac sarcoidosis. Heart Rhythm 2007;4:1292-9.
McArdle BA, Birnie DH, Klein R, De KRA, Leung E, Renaud J,
et al. Is there an association between clinical presentation and the
location and extent of myocardial involvement of cardiac sar-
coidosis as assessed by 18F-fluorodoexyglucose positron emission
tomography? Circ Cardiovasc Imaging 2013;6:617-26.

Fazelpour S, Sadek MM, Nery PB, Beanlands RS, Tzemos N,
Toma M, et al. Corticosteroid and immunosuppressant therapy for
cardiac sarcoidosis: A systematic review. J Am Heart Assoc
2021;10:e021183.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.



	Prednisone vs methotrexate in treatment naïve cardiac sarcoidosis
	Abstract
	Background
	Methods and results
	Conclusions

	Introduction
	Methods
	Study design
	Study population and treatment protocol
	Clinical characteristics and outcome parameters
	Statistical analysis

	Results
	Study population
	FDG PET evaluation
	Treatment patterns
	Major adverse cardiovascular events and safety

	Discussion
	Comparison to prior literature
	Treatment patterns and safety
	FDG PET findings and major adverse cardiovascular events

	Limitations
	Conclusion
	New Knowledge Gained
	References




