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AssTrAcCT. There are many challenging aspects of the management of cardiac sarcoidosis (CS) with corticos-
teroids and other immunosuppressive therapy (IST). First, it is not always clear who will benefit from therapy
or when to initiate treatment. Secondly, there are no randomized controlled trials or large prospective studies to
guide what medications to use, at what doses, and for how long. The European Respiratory Society (ERS) clini-
cal practice guidelines on the treatment of sarcoidosis makes a strong recommendation for the use of immuno-
suppressive therapy in CS patients with functional cardiac abnormalities, including heart blocks, dysrhythmias,
or cardiomyopathy where patients are considered at-risk of adverse outcomes. Corticosteroids are the first line
immunosuppressive therapy in CS however, early initiation of second-line steroid sparing medications has been
advocated and there is data to suggest that concomitant initiation of therapy may be more beneficial. The use of
anti-tumor necrosis factor (anti-T'NF) agents (including infliximab and adalimumab) considered beneficial third-
line anti-sarcoidosis treatment agents in other severe refractory manifestations of disease remains controversial.

KEey worps: cardiac sarcoidosis, corticosteroids, immunosuppressive therapy, anti-TNF agents in cardiac
sarcoidosis

INTRODUCTION CS is to control/reverse ongoing active inflamma-

tion, prevent disease progression and avoid com-

There are many challenging aspects of the
management of cardiac sarcoidosis (CS) with cor-
ticosteroids and other immunosuppressive therapy
(IST). First, it is not always clear who will benefit
from therapy, when to initiate treatment and for how
long to treat. Secondly, there are no randomized
controlled trials or large prospective studies to guide
what medications to use, at what doses, for how long.

As with other organ manifestations, the concept
behind the use of corticosteroids and other IST in
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plications(1). The European Respiratory Society
(ERS) clinical practice guidelines on the treatment
of sarcoidosis(2) makes a strong recommendation
for the use of immunosuppressive therapy in CS
patients with functional cardiac abnormalities, in-
cluding heart blocks, dysrhythmias, or cardiomyopa-
thy where patients are considered at-risk of adverse
outcomes(2).

Corticosteroids are the first line immunosup-
pressive therapy in CS however, early initiation of
second-line steroid sparing medications has been ad-
vocated and there is data to suggest that concomitant
initiation of therapy may be more beneficial(1-5).
The most prescribed second-line steroid-sparing
agents in CS include methotrexate, azathioprine,
mycophenolate mofetil, leflunomide and cyclophos-
phamide(2, 3, 6-9). The use of anti-tumor necro-
sis factor (anti-TNF) agents (including infliximab
and adalimumab) considered beneficial third-line
anti-sarcoidosis treatment agents in other severe
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refractory manifestations of disease remains contro-
versial(2, 10-12).

This review will address some of the controver-
sies in the treatment of CS. Specifically, we will ad-
dress the following:

i. Which patient with CS should be treated
with immunosuppressive therapy?

ii. What immunosuppressive therapy should be
used in patients with CS and what is the evi-
dence behind use of these immunosuppres-
sive therapies?

iii. When should corticosteroids and other
immunosuppressive therapy be initiated?

iv.. What is the optimal initial prednisone dose
in CS?

v. Use of prednisone PLUS methotrexate (or
other cytotoxic) as initial therapy in CS?

vi. What is the role of pulse dose methylpredni-
solone in CS?

vii. What is the role of Infliximab and other
anti-T'NF therapy in CS?

viii. What other Immunomodulators have been
used in CS?

ix. Algorithmic Approach to treatment of CS.

x. Duration of therapy in CS?

xi. Conclusion

It is hoped that addressing these controversial
topics will provide some guidance to clinicians caring
for CS patients and build a framework upon which
future studies in CS can be predicated.

L. Which patient with CS should be treated with

immunosuppressive therapy?

The recently published European Respiratory
Society (ERS) clinical practice guidelines on the
treatment of sarcoidosis makes a strong recommen-
dation for the use of immunosuppressive therapy in
CS patients with “c/inically relevant cardiac disease”(2).
Although no clear-cut definition of “clinically rel-
evant cardiac sarcoidosis” exists, the guidelines de-
scribe this as CS patients with “functional cardiac
abnormalities, including heart blocks, dysrhythmias,
or cardiomyopathy where patients are considered
at-risk of adverse outcomes”(2). While the recom-
mendation for this strategy was strong, the quality of
supporting evidence was very low(2, 13). The reason
for this strong recommendation despite the very low

quality of supporting evidence is the high morbidity
and mortality associated with CS(2, 14-17). The sup-
porting evidence were case series and retrospective
studies.

Table 1 adapted from the ERS guidelines(2)
lists the features in CS patients that have been asso-
ciated with increased mortality and worse outcomes
and Table 2 summarize the indications for immuno-
suppressive therapy in CS patients(2, 6, 7). The most
well-established independent mortality predictors
in CS include complete heart block (CHB)(18-22),
sustained ventricular tachycardia (VT)(2, 9, 23), and
congestive heart failure (CHF)(23-25). While fea-
tures, such as a positive BE_FDG PET scan(26-28)
and extensive late gadolinium enhancement (LGE)
(21, 29, 30) have been linked in some studies to in-
creased morbidity and mortality, they are still under
investigation and may also be independent markers
for increased mortality(2).

Complete or advanced (high-grade) atrio-
ventricular blocks (AVB) are the most common
conduction abnormalities in CS patients and are as-
sociated with poor outcomes(7, 18-22, 31, 34-37).
Nordenswan(20) and Takaya(18) and colleagues
showed that the risk of fatal and non-fatal adverse
cardiac events (including sudden cardiac death) was
significantly elevated in CS patients presenting with
high-grade AVB with or without concomitant ven-
tricular tachycardia or LV dysfunction(18, 20). Us-
ing data from the Myocardial Inflammatory Disease
Registry in Finland, Nordenswan and colleagues(20)
found that of 325 cases of CS diagnosed in Fin-
land between 1988 and 2015, 143 patients (44%)
presented with complete or high-grade AVB and
24% of patients who presented with isolated AVB
(without concomitant VT or left ventricular (LV)
dysfunction) experienced a fatal or aborted sudden
cardiac death(20). The 5-year incidence of sud-
den cardiac death in that study was 9% for patients
with isolated AVB and 14% to 34% if they had as-
sociated non-severe (35% - 50%) or severe LV dys-
function (left ventricular ejection fraction (LVEF)
< 35%). Similarly, Takaya and colleagues(18) found
that over a median follow-up period of 34-months,
CS patients who presented with isolated complete
or high-grade AVB had a high rate of major fatal
and non-fatal adverse cardiac events defined as car-
diac death, ventricular fibrillation, sustained VT and
hospitalization for heart failure(18). Twelve of 22 CS
patients (55%) who presented with isolated complete
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Table 1. Poor Prognostic Indicators in Patients with Cardiac Sarcoidosis(2)

Variable Prognostic association References
Age at diagnosis > 50 years Increased mortality risk (9,21)
LVEF < 40% Increased mortality risk (8,9,21,23,31)
Increased LV end-diastolic diameter (23)
Abnormal longitudinal strain on Echocardiography (32)
Interventricular septal thinning
Complete heart block and high grade AVB Increased mortality and as a mechanism of sudden deaths. (18-22)
Increased risk of relapse and less favorable course of CS. (24)
Sustained ventricular tachycardia Increased mortality risk (23)
Late Gadolinium Enhancement (LGE) on cMRI Increased risk of cardiovascular death & ventricular
arrythmia. (21, 29, 30)
Extensive LGE has been associated with lack of
improvement in LV function after steroid therapy.
Cardiac inflammation and abnormal perfusion defect | Increased risk of ventricular tachycardia & mortality. (26-28)
identified by positive 18F FDG-PET
Elevated troponin or brain natriuretic peptide (BNP) | Reduced event free survival and increased risk of adverse (33)
outcomes.
NYHA Functional class 3 or 4 Increased mortality risk (23)

Abbreviations: LVEF = Left ventricular Ejection Fraction, NYHA = New York Heart Association, cMRI = cardiac magnetic resonance
imaging, 18F FDG-PET - [(18)F] fluorodeoxyglucose (FDG) — Positron Emission Tomography scan, BNP = Brain natriuretic peptide.

AVB = Atrioventricular block, CS = cardiac sarcoidosis.

Table 2. Indications for Immunosuppressive Therapy in CS Patients(2, 6, 7)

ERS guideline indications

Functional cardiac abnormalities

Heart blocks and conduction abnormalities
Complete Heart Block
High-grade AVB

Arrythmias
Sustained VT

Cardiomyopathy/LV Dysfunction
Moderate LV dysfunction (LVEF 35% to 50%

Severe LV dysfunction (LVEF < 35%)

Evidence of cardiac
inflammation
Symptom burden
Abnormal serum
biomarkers

Other possible Indications

Abnormal ¥F FDG-PET scan

Extensive myocardial LGE

NYHA functional class III or IV symptoms
Elevated Troponin

Elevated BNP

Key: AVB = atrioventricular block, VT = Ventricular tachycardia, LV = left ventricular, LVEF = left ventricular ejection fraction, cMRI
= cardiac magnetic resonance imaging, 18F FDG-PET - [(18)F] fluorodeoxyglucose (FDG) — Positron Emission Tomography scan, BNP

= brain natriuretic peptide

or high-degree AVB had a major adverse cardiac
event and this was fatal in seven patients (41%)(18).
The predictors of fatal cardiac events in patients with
isolated complete or high-degree AVB were presence
of New York Heart Association (NYHA) functional
class IIT or IV symptoms and an elevated plasma
B-type natriuretic peptide (BNP > 150 pg/mL)(18).

Presence of LV dysfunction and sustained VT
are also independent mortality predictors in CS

patients (8, 9, 18, 20, 21, 23, 31). In the studies by
Zhou(9) and Yazaki(23) and colleagues, CS patients
presenting with LVEF < 40% had 2.4-fold increased
odds of death or cardiac transplant during a me-
dian follow-up period of 8.8 years(9), and presence
of sustained VT was associated with a 7.2-fold in-
creased hazard of death during a mean follow-up of
5.7 years(23). One study also found that the 10-year
survival rate of CS patients with LVEF > 50% was
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89% vs. 27% for those with LVEF < 50%. In that
study, CS patients diagnosed at autopsy were more
likely to have significantly reduced LVEF, severe
heart failure symptoms, a higher incidence of CHB
and sustained VT(23).

It is to be noted that by recommending treat-
ment for the most well-established morbidity and
mortality predictors in CS, the ERS guidelines
have linked treatment decisions in CS patients to
outcomes(2).

1I. What immunosuppressive therapy should be used
in patients with CS?

CORTICOSTEROIDS

Corticosteroids are the first line immunosup-
pressive therapy in CS(1-3). The best data in support
of corticosteroid use in CS relates to AV conduction
abnormality, and recovery of left ventricular function
(4, 6,24,38-41). Corticosteroids have also been used
in CS patients with ventricular arrythmias, however
data in support of this practice is less robust.

A systematic review conducted by Sadek and
colleagues(39) evaluated 73 patients with CS and
AV conduction abnormality and found that 27 of the
57 patients (47.4%) treated with corticosteroids im-
proved; while no improvement was noted in all of the
16 patients not treated with corticosteroids(39). A
more recent review by the same group found that of
178 CS patients with high-grade AVB treated with
corticosteroids and other IST, 76 (42.6%) had AV
nodal conduction recovery while none of the 21 pa-
tients not treated with immunosuppressives had AV
nodal recovery(38). Patients with high degree AVB
(Mobitz II) were more likely to respond to therapy in
comparison to patients with complete AVB(42). Late
initiation of therapy, presence of impaired LV func-
tion, and presence of interventricular septal thinning
were associated with poor response to therapy(18,
43). Table 3 lists some of the factors associated with
a potential improvement of CS in response to corti-
costeroid therapy in CS patients presenting with AV
nodal disease(18, 43).

Several studies have reported on the effect of
corticosteroids and/or IST in CS patients presenting
with LV dysfunction. Chiu and colleagues(44) found
that in patients with initial LVEF =55%, long-term
steroid therapy prevented decline in LV function and
LV remodeling. Patients with LVEF <55% showed

Table 3. Factors associated with potential improvement in re-
sponse to immunosuppressive therapy in CS patients presenting

with AV Conduction Abnormalities(18, 43)

. Initiation of therapy within first six months
. Presence of Mobitz II block (vs. CHB)
. Normal or minimally impaired LV function
. Evidence of myocardial inflammation
a. Abnormal ®F-FDG PET uptake
b. Increased T-2 weighted signal in addition to LGE
on cMRI

Abbreviations: CHB = complete heart block, cMRI = cardiac
magnetic resonance imaging, LV = Left ventricular, *F FDG-
PET - [(18)F] fluorodeoxyglucose (FDG) — Positron Emission
Tomography scan, CS = cardiac sarcoidosis, LGE = late gado-
linium enhancement.

A WN -~

significant LVEF improvement, however, in patients
with LVEF <30%, steroid therapy resulted in neither
LV volume reductions nor improvement(44). Other
studies have however, observed significant improve-
ment in LVEF with corticosteroid therapy in pa-
tients with severe LV dysfunction(9, 31, 45). Zhou
and colleagues evaluated 27 patients with CS and
severe LV dysfunction and found that patients with
pretreatment LVEF < 40% improved with corti-
costeroid therapy given in combination with medi-
cal management for congestive heart failure(9). A
recent systematic review that evaluated 12 studies
(n=324 patients)(38) in which CS patients received
corticosteroids or other IST for mild to moderate
LV systolic dysfunction (LVEF 31% to 50%), found
that there was an improvement in mean LVEF in 5
out of 12 studies (n=117)(29, 44, 46-48), no change
in 6 out of 12 studies (n=177)(12, 31, 45, 49-51),
and a mean decline in one study (n=20)(52). Some
of the factors influencing response to IST in CS
patients with LV dysfunction include degree of LV
dysfunction, presence of active myocardial inflam-
mation(44), minimal myocardial scarring(29), extent
of LGE on cMRI(4, 38), and early vs. late initiation
of corticosteroid therapy(48). Table 4 summarizes
the factors associated with favorable response to cor-
ticosteroid and other immunosuppressive therapy in
CS patients presenting with LV dysfunction. Nagai
and colleagues(48) found that early initiation of cor-
ticosteroid therapy improved clinical outcomes even
in patients without evidence of active myocardial
inflammation(48).

There are conflicting results on the efficacy
of corticosteroids in CS patients with ventricular



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2022; 39 (2); €2022015 5

arrythmias. While some studies showed a benefit of
immunosuppressive therapy in CS patients who pre-
sent with ventricular arrythmias (46, 53-57), others
did not(41, 52, 58, 59). Fazelpour and colleagues(38)
evaluated data from 8 studies that included 129 CS
patients who received corticosteroids for ventricular
arrythmias. Five of the studies(46, 55, 56, 60, 61)
reported on sustained VT while three(41, 52, 53)
reported on the burden of premature ventricular
contractions (PVCs) and nonsustained VT (NSVT).
Of the 69 patients who received corticosteroids (or
other immunosuppressive therapy) for sustained VT,
32 (46%) had recurrent sustained VT similar to 3/7
(43%) of patients who did not receive corticosteroids
(38). Similarly, there was no change in the PVC bur-
den(41, 53) or prevalence of NSVT(53) in two of
the three studies that evaluated that outcome. Medor
and colleagues(52) found a paradoxical worsening of
ventricular arrythmias (increased burden of PVCs
and NSVT) in CS patients treated with immuno-
suppressive therapy; however, patients were not on
concomitant antiarrhythmic medication during the
study period(52). It has been suggested that patients
with sustained V'T' may not be responsive to IST be-
cause V'T' develops in the advanced stage of disease
and is associated more with areas of myocardial scar-
ring promoting reentry mechanisms than to areas
of myocardial edema and active inflammation(41,
53, 62, 63). Naruse and colleagues(57) evaluated 37
CS patients with sustained VT and found that only
12/34 (35%) patients who received corticosteroids
had recurrence of VT(57). Absence of gallium-67
myocardial uptake (suggestive of absent myocardial

inflammation) before corticosteroid therapy was the
only independent predictor for VT recurrence(57).
Yalagudri and colleagues(56) also found that 13/14
(93%) CS patients who presented with VT and in-
creased myocardial *F-FDG-PET uptake had res-
olution of VT with IST given concomitantly with
anti-arrhythmic drug (AAD) therapy and ICD im-
plantation. Table 5 lists the factors that have been
associated with favorable response to corticosteroids
and immunosuppressive therapy in CS patients pre-
senting with ventricular arrythmias.

It is to be noted that in addition to the para-
doxical worsening of ventricular arrythmias in some
CS patients treated with corticosteroids and other
IST(52), the use of corticosteroids has also been as-
sociated with ventricular aneurysm formation in CS
patients(6, 36).

SeEconND LINE STEROID SPARING
IMMUNOSUPPRESSIVE AGENTS Usep IN CS

Second line steroid sparing medications
that have been used in patients with CS include
methotrexate(4), azathioprine(4, 21, 64), lefluno-
mide(65-67), mycophenolate mofetil(64, 68). and
cyclophosphamide(21, 38, 40, 69, 70).

Recently published ERS consensus guidelines
for the management of pulmonary sarcoidosis(1)
specify that second line agents are indicated in pa-
tients with severe disease, inadequate response to
corticosteroid therapy, expectation of prolonged/or
high-dose corticosteroid therapy (steroid sparing),
occurrence of corticosteroid toxicity or in those for

Table 4. Factors associated with clinical improvement in response to immunosuppressive therapy in CS patients presenting with LV dysfunc-

tion(29, 44-48)

3. Presence of active myocardial inflammation(44)

1. Degree of LV Dysfunction (mild dysfunction responds better) (38)
2. Early initiation of corticosteroid therapy (within 6 months) of diagnosis)(45, 46, 48)

4. Small extent of LGE (LGE mass < 20% of LV mass) on cMRI(29)

Abbreviations: CS = cardiac sarcoidosis, LV = Left ventricle, LGE = late gadolinium enhancement, cMRI = cardiac magnetic resonance

imaging

Table 5. Factors associated with clinical improvement in response to IST in CS patients with ventricular arrythmias(6, 46, 53, 56)

1. Evidence of myocardial inflammation/disease activity*.

2. Early initiation of treatment after diagnosis (within 1 month)
3. Initiation of therapy in the early disease phase

4. Preserved LVEF at time of diagnosis and initiation of therapy

Abbreviations: *The Heart Rhythm Society (HRS) consensus statement recommend treatment only in patients with evidence of disease
activity as assessed on '*F FDG-PET - [(18)F] fluorodeoxyglucose (FDG PET scan. LVEF = Left ventricular ejection fraction, **F FDG-
PET - [(18)F] fluorodeoxyglucose (FDG) — Positron Emission Tomography scan, CS = cardiac sarcoidosis.
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whom corticosteroids cannot be weaned to pred-
nisone (or prednisone equivalent) doses < 10 mg/
day(1, 2). These guidelines have advocated a stepwise
approach to treatment with sequential addition of
medications after ineflicacy has been established(1).
CS is one of the most severe manifestations of sar-
coidosis and there is a suggestion towards improved
outcomes with early, or concomitant initiation of
prednisone and other IST (discussed further below)
(3,64,71,72).

METHOTREXATE

Methotrexate is the most widely studied and
used second-line steroid sparing IST in CS(73-75).
It is a folic acid antagonist which through a series of
steps inhibits purine and pyrimidine metabolism, as
well as amino acid and polyamine synthesis(76). Its
exact mechanism of action in sarcoidosis is unclear
and is thought to be predominantly anti-inflamma-
tory mediated via adenosine (A) and A,, receptors
on inflammatory cells(77-79). Methotrexate also in-
hibits several pro-inflammatory cytokines including
TNF-alpha (TNF-a), interleukin- (IL-) 4, IL-13
and interferon gamma which stimulate T-cells and
promote granuloma formation and expansion(76,
80). In a recent Delphi consensus study for the treat-
ment of pulmonary sarcoidosis (1), methotrexate
was recommended as the first choice non-biologic
therapy in a step-wise treatment approach. Oral
methotrexate was favored; however subcutaneous
methotrexate was considered a reasonable alterna-
tive in patients with nausea or other gastrointestinal
side-effects(1).

Data in support of the use of methotrexate
in CS comes from several observational and ret-
rospective studies. In one open-label trial directly
comparing prednisone alone versus methotrexate
plus initial prednisone, the addition of methotrex-
ate was associated with long term improvement of
ejection fraction and BNP after five years of ther-
apy(72). Stievenart and colleagues evaluated 21
studies (n=950) that reported on immunosuppres-
sive therapy in CS and found that methotrexate was
the most commonly used steroid sparing second-line
agent, and indications for use mirrored those for
pulmonary/extra-cardiac sarcoidosis(4). The Japa-
nese Circulation Society (JCS) guidelines on the
treatment of cardiac sarcoidosis(7) make a grade C1
recommendation (recommended despite no strong

supporting evidence) for the use of methotrexate as
monotherapy or in combination with corticosteroids
in CS patients who do not respond well to corticos-
teroids, cannot use them or cannot increase their
dose due to adverse drug effects. The guidelines em-
phasize the need to monitor for adverse reactions or
complications including leukopenia, hepatic or renal
dysfunction and pulmonary toxicity in CS patients
on methotrexate(7).

Therecommended initial (aswell as maintenance)
dose of methotrexate in patients with sarcoidosis is
5 — 15mg/week and this should be given with folic
acid at a dose of 1mg daily or 5Smg weekly(74). In a
large study of over 600 sarcoidosis patients treated
for up to six years at one center, leukopenia and/or
hepatic toxicity were seen in less than one percent of
patients(81). The multinational evidence based WA-
SOG group on the use of methotrexate in sarcoidosis
advised against maintenance doses beyond 20mg per
week without safety studies(74).

Methotrexate is contraindicated in preg-
nancy and breast feeding and should not be used
by men or women for at least 3-months before a
planned pregnancy(74). Patients on methotrexate
should have regular monitoring of their complete
blood counts (CBC), liver function tests (LFT)
and renal function while on therapy(74). It is also
recommended that testing for human immunode-
ficiency virus infection (HIV), hepatitis B/C and
interferon-gamma release assay testing for My-
cobacterium tuberculosis infection be performed
prior to initiation of therapy(74). Other guideline
recommendations for the use of methotrexate in
sarcoidosis have been published(74). Table 6 pro-
vides a summary of the mechanism of action, dose
and toxicities associated with methotrexate.

AZATHIOPRINE

Azathioprine is a purine antimetabolite im-
munosuppressive that has been used as second
line agent in CS(4, 21, 64) based on data extrap-
olated from its use in patients with pulmonary
sarcoidosis(1, 82-84). There are no randomized
or prospective studies on the use of azathioprine
in CS however both the JCS(7) and the ERS(2)
guidelines list azathioprine as a second-line steroid
sparing agent that may be used alone or in conjunc-
tion with steroids in patients with CS (low level
evidence).
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Table 6. Corticosteroid sparing Medications in Cardiac Sarcoidosis

Usual Mechanism of Drug
Drugs Dosage Action Major Toxicity monitoring Comments
Methotrexate 5-15mg Inhibits folate GI intolerance, Serial CBC, Teratogenic; avoid in
once a week | metabolism; and hepatotoxicity, LFT, renal pregnancy & breast feeding.
PO via A2 receptors leukopenia, fatigue, function testing | Folate supplementation is
Maybe inhibits several pneumonitis, risk of Ensure negative | recommended.
given SQ if | pro-inflammatory infection HIV, hepatitis | Cleared by kidney, avoid in
severe GI cytokines B/C & IGRA | significant renal failure.
intolerance prior to use
Azathioprine 50-200mg | Purine analog/ Leukopenia, CBC,LFT Check TPMT level at
daily PO antimetabolite that hepatotoxicity, risk of initiation
inhibits purine infection, cutaneous
synthesis necessary and lymphoproliferative
for B- and T-cell cancers.
proliferation.
Mycophenolate 1,000- Preferentially inhibits | Leukopenia, CBC,LFT Limited data supporting
Mofetil 3,000 mg de novo GMP risk of infection, Negative efficacy and use in
daily PO synthesis in lymphoproliferative and | hepatitis B/C sarcoidosis.
T- and B-lymphocytes | cutaneous cancers screening 7 Non-nephrotoxic
thus suppressing IGRA are
cellular and humoral required prior
immunity to initiation
Leflunomide 10-20 mg Inhibits de novo Nausea, Leukopenia, CBC, LFT, Due to long half-life,
daily PO synthesis of dUMP Hepatotoxicity, risk renal function | cholestyramine may be
which is necessary of infection, skin rash, testing necessary to quickly
for Activated fatigue, peripheral remove the drug and its
T-lymphocytes neuropathy metabolites in toxicity.
to undergo Teratogenic, avoid in
clonal expansion pregnancy & breastfeeding.
and terminal Cleared by kidney, avoid in
differentiation. significant renal failure
Cyclophosphamide 1gmIV Nitrogen mustard that | Leukopenia, bone CBC, LFT, embryo- and feto-toxic.
monthly accelerates cell death | marrow suppression/ renal function Should be avoided in
and in lower doses failure, risk of infections, pregnant and nursing
decreases secretion of | cardiotoxicity with high women.
interferon gamma and | doses, hepatotoxicity, Also has risk of infertility.
1L-12. pneumonitis, Cleared by kidney, avoid in
bladder cancer significant renal failure

Key: CBC = complete blood count, LFT = liver function test, HIV = human immunodeficiency virus, IGRA = interferon gamma release
assay for TB, PO = per oral, SQ = subcutaneously, IV = intravenously, TPMT = thiopurine S-methyltransferase (TPMT) genotype or

enzyme activity, A2 = adenosine, GMP = guanosine monophosphate - an essential nucleoside for purine synthesis during cell division,

dUMP = deoxyuridine monophosphate

In 2013, Vorselaars and colleagues(85) published
a retrospective study that compared the effectiveness
of azathioprine versus methotrexate as second-line
therapy in pulmonary sarcoidosis. They found that
both drugs had similar steroid-sparing potency and
similar positive effect on lung function however
azathioprine was associated with a higher infec-
tion rate(85). More recent studies have also found
an increased infection rate with azathioprine(86).
Rossides and colleagues(86) evaluated 724 patients
with sarcoidosis treated with either methotrexate or
azathioprine and found that patients treated with

methotrexate were 43% less likely to get an infection
as compared to those who received azathioprine. The
adjusted 6-month risk of infection in the methotrex-
ate group was 6.8% compared to 12% in the azathio-
prine group(86).

The recommended starting/maintenance dose for
azathioprine in CS patients is 50 to 200mg daily(87)
(Table 6). Patients should have serial CBC and LFT
checks to monitor for leukopenia and hepatoxic-
ity(87). It is also recommended that patients undergo
thiopurine S-methyltransferase (TPMT) genotype

or enzyme activity testing prior to initiating therapy
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because patients with reduced TPMT activity have
an increased risk of developing life threatening bone
marrow toxicity to azathioprine(88).

There are reports of an increased risk of cuta-
neous and lymphoproliferative cancers in patients
treated with azathioprine(89-91) however this risk
appears to be disease specific(92). There are no stud-
ies evaluating the risk of azathioprine-associated ma-
lignancy in sarcoidosis patients nonetheless, patients
should be counselled about the potential increased
risk of cancer prior to initiation of therapy(87).

MyYCOPHENOLATE MOFETIL

Mycophenolate mofetil (MMF) is an inhibitor
of inosine monophosphate dehydrogenase (IMPDH)
enzyme which catalyzes the synthesis of guanosine
monophosphate (GMP) - an essential nucleoside
for purine synthesis during cell division - from ino-
sine(93, 94). MMF exerts its anti-inflammatory ef-
fect in sarcoidosis and other autoimmune diseases by
preferentially inhibiting IMPDH in T and B lym-
phocytes thereby suppressing both cellular medi-
ated immune responses and antibody formation(93).
MMTF also induces apoptosis of activated T-cells and
inhibits the expression of several adhesion molecules
thus blocking the migration of lymphocytes and
monocytes into sites of inflammation(93-95).

Evidence for the use of MMF in the treat-
ment of CS comes from retrospective studies, case
reports and case series(64, 68, 70, 96-98). Griflin
and colleagues(64) retrospectively evaluated 77
patients with CS treated with prednisone mono-
therapy (n=32) or a combination of prednisone and
MMF (n=45) and found that MMF was steroid
sparing and well tolerated(64). Patients treated with
MMF + prednisone had similar improvements in
myocardial ®F-FDG uptake but required signifi-
cantly less prednisone than patients treated with
prednisone monotherapy(64). There was no dif-
ference in outcomes with respect to new sustained
ventricular arrythmias, need for heart transplanta-
tion, implantation of LVAD or death(64). There was
a trend towards more patients in the combination
group having persistent third-degree AVB (86% vs.
25%) and requiring more ICD therapy (18% vs. 3%)
however, this did not achieve statistical significance
(P = 0.09 and 0.07 for both outcomes respectively)
(64). Notably, at the end of one year, the median
LVEF was higher in the combination group, than

in those who received prednisone monotherapy
(48% vs. 40%, P = 0.02)(64). Overall, MMF was
well tolerated. Only 18% of patients on MMF +
prednisone reported adverse effects (vs. 55% on
prednisone monotherapy) and this percentage was
lower than was observed with other IST in the same
study(64).

MMTF is non-nephrotoxic and does not induce
transforming growth factor-beta (TGF-B) produc-
tion which is fibrogenic(99). In the studies above,
MMF was typically started at a total daily dose of
1000 - 2000 mg in combination with prednisone 30-
40mg daily(64). A normal CBC, LFT, renal function
and negative hepatitis B and C screening are re-
quired prior to initiating MMF(64). Patients should
also undergo routine monitoring of these parameters
monthly for 3 months, and if stable, may be extended
to 3-monthly intervals(64) (Table 6).

LEFLUNOMIDE

Leflunomide is an immunomodulatory drug
that prevents the expansion of activated and autoim-
mune lymphocytes by inhibiting the rate limiting mi-
tochondrial enzyme dihydroorotate dehydrogenase
(DHODH) which plays a key role in the de novo
synthesis of deoxyuridine monophosphate (dUMP)
(100, 101). Activated T-lymphocytes depend on py-
rimidine de novo syntheses to fulfill their metabolic
needs for clonal expansion and terminal differentia-
tion into effector cells; and leflunomide inhibits this
process(100, 101). There is also some evidence that
leflunomide selectively suppresses IL-1 and TNF-«
and downregulates the glycosylation of adhesion
molecules thereby reducing cell to cell contact acti-
vation during inflammation(102).

Data on the use of leflunomide is based on sev-
eral retrospective studies primarily in patients with
pulmonary sarcoidosis(65-67). There are no rand-
omized or prospective trials that have evaluated the
use of leflunomide in CS patients. Leflunomide has
been shown to be steroid sparing and potentially
useful in sarcoidosis patients failing or intolerant
to other therapies(65). Sahoo and colleagues(65)
retrospectively evaluated the safety and eflicacy of
leflunomide in 76 patients with chronic refractory
sarcoidosis including 3 (4%) patients with CS, and
found that at 9 months, 2 of the 3 CS patients had
complete recovery and 1 had partial recovery. This
was consistent with 83% partial or good response
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observed in patients with extra pulmonary sar-
coidosis in general(65). Baughman and Lower also
observed in an earlier study(66) that sarcoidosis pa-
tients intolerant to methotrexate (13 of 24 patients)
were successfully treated with leflunomide(65).

The usual starting (and maintenance) dose of
Leflunomide in sarcoidosis is 10 to 20 mg daily,
however, a loading dose of 100 mg daily for three
days followed by a maintenance dose of 10 to 20 mg
daily has been used with minimal adverse effect(65,
66). The most common adverse events associated
with leflunomide include diarrhea, nausea, bloat-
ing, hepatic enzyme elevation, neuropathy and hair
loss(65). Rarely it can lead to systemic hypertension.
The incidence of adverse effects was found to be
much less at lower leflunomide doses (10 mg daily)
used in another study(66).

There are some reports of an association between
use of leflunomide and pulmonary arterial hyperten-
sion(103-105) however, a large systematic review
and metanalysis including 8 randomized controlled
trials (n=4579 patients) of leflunomide in patients
with rheumatoid arthritis found that there was no
association between leflunomide and an increased
risk of infectious and non-infectious respiratory ad-
verse events including pneumonitis and pulmonary
hypertension(106).

Leflunomide is contraindicated in pregnant
women and in patients with severe hepatic impair-
ment. LFTs should be monitored monthly for at least
six months after starting leflunomide and thereafter
every 6 to 8-weeks (Table 6).

CYCLOPHOSPHAMIDE

There are several case reports of steroid refrac-
tory CS successfully treated with intravenous (IV)
cyclophosphamide(21, 38, 40, 69, 70). This medica-
tion is listed as a possible second line immunosup-
pressive therapy for CS in the JCS guidelines(7) and
acknowledged in the ERS guidelines(2) as an agent
used in current clinical practice in CS patients who
have continued disease or who relapse despite treat-
ment with glucocorticoids with or without metho-
trexate, azathioprine, leflunomide or mycophenolate.

Cyclophosphamide is a nitrogen mustard agent
that is approved by the FDA for the treatment of
malignant lymphoma, multiple myeloma, breast
cancer and neuroblastoma(107). It is a non-cell cy-
cle specific anti-neoplastic and anti-mitotic agent

that accelerates programmed cell death in high
doses(107). At lower doses, cyclophosphamide exerts
an immunomodulatory effect by a variety of mecha-
nisms including suppressing regulatory T-cell activ-
ity, decreasing the secretion of interferon-gamma
and IL-12 and increasing secretion of IL-4 and IL-
10(107). Its exact mechanism of action in sarcoidosis
is unclear.

Cacoub and colleagues(21) published a retro-
spective analysis of 157 CS patients treated with cor-
ticosteroids and other IST over a median follow up
of 7-years and found that only IV cyclophosphamide
was associated with a lower risk of disease relapse;
however, this was compared to patients who did not
receive therapy(21). In that study, patients received
corticosteroids either alone (n = 79) or in association
with other IST including IV cyclophosphamide (n =
79), methotrexate (n = 29), mycophenolate (n=45),
hydroxychloroquine (n = 29), infliximab (n = 14) or
azathioprine (n = 8)(21). 4% (n=13) of patients did
not receive any therapy and constituted the compari-
son group(21). IV cyclophosphamide was given at a
dose of 1g monthly(21).

Cyclophosphamide is embryo- and feto-toxic
and should be avoided in pregnant and nursing
women. It has also been associated with infertility
(temporary and permanent) and patients should re-
ceive adequate education and counseling on the risks
of infertility prior to initiating cyclophosphamide
therapy(107). Table 6 summarizes the labs that need
to be monitored in patients taking cyclophosphamide.

1II. When should immunosuppressive therapy
be initiated?

Most studies in patients with CS showed that
early initiation of immunosuppressive therapy is as-
sociated with better outcomes(22, 24, 42, 46, 53). Yo-
dogawa and colleagues(42) observed that patients with
high degree AVB (Mobitz II) had better recovery rates
in comparison to patients with complete AVB suggest-
ing that early initiation of therapy prior to disease pro-
gression is beneficial. Similarly, several studies showed
that treatment with corticosteroids was associated with
stable to improved LVEF in patients with preserved
LV function whereas response to therapy was not as
good in patients with impaired LV function(53, 108,
109). In a study evaluating the prognostic determinants
of long-term survival in Japanese CS patients treated
with prednisone, Yazaki and colleagues(23) found that
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starting corticosteroids early prior to the occurrence of
systolic dysfunction resulted in the best clinical out-
comes. The 10-year survival rate for CS patients with
LVEF > 50% was 89% as compared to only 27% in
those with LVEF < 50%(23).

Padala and colleagues(46) retrospectively evalu-
ated the impact of early initiation of corticosteroid
therapy (within one month of CS diagnosis) on car-
diac function, ventricular arrhythmias and atrioven-
tricular (AV') block in 30 patients with CS and found
that early initiation of therapy was associated with
improved outcomes. Of 14 patients with reduced
LVEF, 9 patients received corticosteroids within one
month of CS diagnosis and they all had improved
LVEF, whereas the 5 patients who had a delay in
initiation of corticosteroids had no improvement
in LVEF(46). Similarly, for patients who presented
with ventricular arrythmia (VA) or complete heart
block (CHB), 72% (8/11) did not have recurrent ar-
rythmia and there was complete resolution of CHB
in 2/3 (67%) of patients who received corticoster-
oid therapy within one month of CS diagnosis(46).
Patients with VA or advanced AVB who failed to
receive corticosteroids within one month of CS di-
agnosis did not show any improvement in arrythmias
or in their conduction block(46).

The ERS guidelines(2) acknowledge the po-
tential benefit of early initiation of immunosuppres-
sive therapy in CS patients but do not prescribe a
time during which therapy should be initiated. For
patients who require device implantation, the Heart
Rhythm Society (HRS) consensus statement(6) sug-
gests that immunosuppression should be started after
device implantation as soon as the wound is healed.

1V. What is the optimal initial prednisone dose in CS?

Determining the optimal initial prednisone dose
for CS patients that would benefit from IST remains
a challenge.

Yazaki and colleagues(23) evaluated 75 corticos-
teroid treated CS patients and found that there was
no significant difference in survival outcomes in CS
patients treated with a high initial dose of prednisone
(> 40mg per day) as compared to those treated with
alow initial dose (< 30mg per day)(23). In that study,
patients treated with steroids (regardless of dose) had
favorable clinical outcomes and a 5-year survival rate
of 75% vs. 10% in those not treated with steroids(23).

Prolonged and high corticosteroid doses are associ-
ated with significant morbidity and reduced quality
of life in sarcoidosis patients and should be avoided
where possible (110-112).

Most experts endorse a starting prednisone dose
of 0.5mg/Kg up to a maximum dose between 30mg
to 40mg per day with subsequent taper to the lowest
most effective dose (goal 10mg/day or less)(2, 87).

The JCS guidelines(7) recommends to initiate
corticosteroid therapy in CS patients with 30mg per
day (0.5mg/kg daily) oral prednisone or prednisone
equivalent, or 60mg every other day (1mg/Kg every
other day) for the first four weeks followed by a Smg
daily (or 10 mg every other day) dose reduction
at intervals of 2 to 4 weeks to a goal maintenance
dose of 5 to 10 mg daily or 10 to 20 mg every other
day(7). This recommendation is based on reports
from expert committees but is in line with common
practice and findings from the study by Yazaki and
colleagues(23, 113).

V. Use of prednisone PLUS methotrexate (or other
cytotoxic) as initial therapy in CS2

Current treatment algorithms recommend a
stepwise approach to initiating therapy with pred-
nisone and steroid sparing therapy in CS patients(2,
7). More recently however, several studies suggest
that patients treated with prednisone in addition to
other IST at diagnosis have better outcomes than pa-
tients treated with prednisone alone(3, 4).

Ballul and colleagues(3) retrospectively evaluated
36 patients with symptomatic CS for whom therapy
was initiated with corticosteroids alone (n=24) orwith
combined corticosteroids and other IST (n=12), and
found that over a median follow-up period of 3.6 years
(range 1 — 15 years), the relapse rate was significantly
higher in the corticosteroid only group in compari-
son to the combination therapy group (46% vs. 17%,
p= 0.048). Furthermore, CS patients initiated on
corticosteroid monotherapy showed a trend to a
higher relapse rate whether or not other IST were
subsequently added (HR 2.96%, CI 0.66-13.48, p =
0.141)(3).

In a smaller open-label study, Nagai and col-
leagues(72) found that CS patients who received
a combined regimen of low dose prednisone
(5-15mg/day) and low dose methotrexate (6mg/

week) as initial treatment following CS diagnosis were
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more likely to have an improved and stable LVEF
(and lower serum pro brain natriuretic peptide (pro-
BNP) levels) at 3- and 5-years post diagnosis(72);
while patients who received initial corticosteroid
monotherapy (30-60mg/day) had a decline in LVEF
(and higher pro-BNP levels) by year 3 and 5 after an
initial improvement in the first year(72). There was
no significant difference in the observed rate of in-
fections or other significant complications in patients
treated with combined prednisone and other IST vs.
prednisone only as initial therapy(3, 72).

Studies evaluating this approach are ongoing.
The Cardiac Sarcoidosis Multi-Center Randomized
Controlled Trial (CHASM CS-RCT) is an ongoing
multicenter randomized controlled noninferiority
trial designed to evaluate the optimal initial treat-
ment strategy for patients with active CS(5). The
study aims to enroll 200 CS patients randomized
1:1 to an initial treatment strategy of prednisone
monotherapy (0.5 mg/kg/day for 6 months (maxi-
mum dose 30 mg daily)) or to combination therapy
(prednisone 20 mg daily for 1 month, then 10 mg
daily for 1 month, then 5 mg daily for one month
then stop AND methotrexate 15-20 mg once weekly
for 6 months)(5). 22 centers across four countries
(Canada, USA, Japan, and the United Kingdom) are

involved in this trial and results are expected in 2024.

VI. What is the role of intravenous pulse dose
methylprednisolone in CS?

Intravenous (IV) methylprednisolone given as a
high dose pulse therapy (500mg to 1000mg per day)
for 1- to 3-days has been used in CS patients with life
threatening disease manifestations with some ben-
efit(24, 114-116). Data in support of this is limited
to case reports and small case series(24, 114-116).
In one small series, Slivnick and colleagues(115) de-
scribe the use of high dose IV methylprednisolone
(500mg to 1000 mg daily for three days) in three pa-
tients with CS who presented with VT storm and
evidence of active myocarditis as demonstrated on
cardiac MRI or cardiac ®F-FDG PET scan. In all
the cases, the VT storm was refractory to usual anti-
arrhythmic drugs and usual dose oral corticosteroids,
but responded to high dose IV prednisolone within
24 to 48 hours of initiation of therapy(115). Simi-
lar responses were observed in other case reports(24,

114, 116).

The rationale for high dose IV-glucocorticoids
is that it has more rapid onset of action and greater
lymphocyte inhibition compared with lower dos-
ages(117). Furthermore, high dose IV-glucocorticoids
appear to be effective for acute life-threatening mani-
festations of other autoimmune diseases(117-119).
High dose IV-glucocorticoids have been associated
with an increased risk of infection and lower pulse
dose corticosteroid therapy has been used(118,
119). A recent prospective study by Kafil and col-
leagues(120) reported on 5 patients with CS and VT
storm who were successfully treated with an initial
dose of IV methylprednisolone given as 40 mg daily
or twice daily followed by oral prednisone 40 mg
daily for a minimum of 6-months with subsequent
slow taper(120). In their study, all the patients had
complete resolution of their arrythmia after 2 doses
of IV methylprednisolone and remained free of VT
storm after 1-year(120). The median duration of IV
therapy was 2-days with a range of 2 to 5-days(120).

Neither the JCS(7) nor the HRS(6) guidelines
make any recommendations for or against the use of
pulse dose IV methylprednisolone in patients with
CS. The recently published ERS guidelines(2) note
that there is insufficient data to determine if pulse
dose IV methylprednisolone is useful and add that it
is unclear for whom it should be considered. Based
on the limited data above, it may be a viable treat-
ment option for CS patients presenting with VT
storm refractory to usual dose oral steroids.

VII. What 1s the role of Infliximab and other
anti-TNF Agents in C§?

Infliximab and adalimumab(70, 121-125) have
been used with good outcomes in patients with other
forms of severe pulmonary and extracardiac sarcoido-
sis refractory to (or intolerant of) corticosteroids and
second-line steroid sparing therapy(1, 2). Although
they have been used in CS patients with some re-
ported benefit, wide acceptance of these agents has
been limited by concerns about cardiotoxicity and an
FDA Blackbox warning about use in patients with
heart failure(12, 126, 127). The ERS guidelines(2)
note that anti-TNF agents may be useful for the
treatment of CS in patient’s refractory to, or intoler-
ant of steroids and other IST (refractory CS), how-
ever, there was insufficient evidence to make a strong
guideline recommendation.
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INFLIXIMAB

Infliximab is an intravenously administered
mouse/human chimeric immunoglobulin G (IgG)
monoclonal antibody directed against TNF-a
which is the principal cytokine mediating the for-
mation, persistence, and expansion of the sarcoid
granuloma(128-130). It is the best studied and the
most widely used biologic agent in sarcoidosis(128).

Data in support of the use of infliximab in CS
is based on several observational studies(11, 12, 51,
121, 125, 131-135) and a randomized controlled
study with a small subset of CS patients(136). Jud-
son and colleagues(136) published data from a rand-
omized placebo-controlled trial of infliximab (3mg/
Kg and 5mg/Kg body weight) in patients with ex-
trapulmonary sarcoidosis. That study included 138
patients, 12 (9%) of whom had CS and found that
compared to placebo, infliximab was beneficial in
the treatment of extrapulmonary sarcoidosis (in-
cluding CS) in patients already receiving corticos-
teroids(136). Four of the 8 CS patients assigned to
active drug treatment had resolution of disease while
none of the 4 patients assigned to placebo had dis-
ease resolution after 6-months of therapy(136). Bak-
ker and colleagues(11) retrospectively evaluated 22
patients with active CS refractory to (n=19) or in-
tolerant of (n=3) steroids/IST who received inflixi-
mab (5mg/kg at week 0, 2, and subsequently every 4
weeks) for at least 6-months, and found that majority
of the patients (18/22; 82%) responded to therapy.
Response to therapy was defined as any one of: re-
duction in dose of concomitant immunosuppressive
therapy, 10% improvement in LVEF, 25% reduction
in myocardial SUVmax or improvement in NYHA
functional status by at least one class(11). Over-
all, the median LVEF in study subjects improved
from 45% to 55% (p=0.02)(11). Harper and col-
leagues(12) also observed that 67% (24/36) of CS
patients treated with infliximab responded to therapy
in at least one of three outcome categories (decrease
in daily corticosteroid dose of =10 mg, improvement
in dysrhythmia or improvement of LVEF by >5%).
The median (IQR) LVEF at study entry was 41%
(32% — 55%) and this was unchanged after 6-months
of therapy(12).

Data from the anti-TNF therapy against con-
gestive heart failure (ATTACH) trial(126) showed
an increased risk of death and hospitalization in

patients with LVEF <= 35% and NYHA class III

to IV symptoms treated with high dose infliximab
(10 mg/Kg)(126). The implications of this finding in
CS patients are unclear since most of the patients
enrolled in the ATTACH trial had ischemic and
non-inflammatory cardiomyopathy(126). Follow-
ing the ATTACH trial, several studies have been
published suggesting that infliximab (given at doses
of 3mg/kg or 5mg/Kg) is safe in CS patients with
moderate to severe heart failure(11, 12, 137). For
example, the median LVEF in the study by Bakker
and colleagues was 47.5% albeit 7 patients (32%)
had LVEF < 35%(11). No patient in that study had
worsening heart failure, and the median LVEF in-
creased from 45% to 55%(11). Similarly, Harper and
colleagues(12) enrolled 36 patients (median LVEF
of 41%), 6 (17%) of whom had LVEF < 30% and
only 1 patient (LVEF 27%) who also had > 50%
myocardial involvement on cardiac PET had wors-
ening heart failure requiring heart transplantation.
Patients in both studies received infliximab infusions
for a minimum of 6-months(11, 12).

Although infliximab is generally well tolerated,
it has been associated with an increased risk of ad-
verse events, particularly infections(11, 12, 131, 138).
Maneiro and colleagues(139) published a systematic
review that included 232 sarcoidosis patients (69
studies) treated with infliximab, and found that the
mean weighted rate of adverse events in sarcoidosis
patients treated with infliximab was 39.9 per 100
patient-years. This included rates of 22.1, 5.9 and 1.0
per 100 patient-years for patients who developed in-
fections, serious infections and malignancy(139). In
one of the largest studies that enrolled CS patients
treated with infliximab, Harper and colleagues(12)
found that adverse events attributable to infliximab
occurred in 6/36 (17%) of patients however this re-
quired discontinuation of therapy in only 3 patients
(8%). Infectious complications were the most com-
mon adverse events (5/6) nevertheless most patients
required no interruption or only a temporary delay
in the subsequent dose(12). Chapelon-Abric and
colleagues(131) found that male gender and more
prolonged use of steroids and other IST prior to ini-
tiation of infliximab was associated with a higher risk
of infectious complications in sarcoidosis patients
treated with infliximab.

Practice guidelines for the use of infliximab in
patients with sarcoidosis have been published(140).
They recommend consideration of infliximab in pa-

tients with refractory CS who do not have NYHA
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class ITI/IV symptoms(140). For patients with refrac-
tory CS and NYHA class III/IV heart failure symp-
toms, the guidelines endorse caution but emphasize
the need to individualize therapy(140). Patients with
CS as the only known cause of heart failure should
be considered for infliximab, however, if besides CS
other causes of heart failure are present, infliximab
should be considered contraindicated(140). Many
experts recommend that a cardiac PET scan be per-
formed prior to starting infliximab. If there is evi-
dence of significant cardiac inflammation based on
cardiac PET scan, then infliximab can be considered.

Table 7 summarizes the practice guidelines for
infliximab as it affects CS patients(140). The recom-
mended starting dose of infliximab is 5mg/Kg given
as an initial loading dose at week 0 and 2, followed

Table 7. Anti TNF antagonists in Cardiac Sarcoidosis(140)

by a maintenance dose of 5mg/kg every four- to
six-weeks(140). To prevent anti-drug antibody for-
mation, anti-TNF therapy should be combined with
low dose methotrexate and/or glucocorticoids(140).
Presence of active or latent TB, as well as other forms
of serious bacterial or fungal infections should be
excluded prior to starting anti-TNF therapy(140).
Anti-TNF therapy should be avoided if there is any
evidence of active herpes zoster infection, active
hepatitis B or C infection, presence of active or prior
malignancy in the preceding 5 years, and at least 2 to
3 months prior to planned pregnancy, during preg-
nancy or if breast feeding(140). Table 7 summarizes
what immunizations to give or avoid in sarcoidosis
patients on infliximab and how to taper and discon-

tinue therapy(140, 141).

Anti-TNF Agent Infliximab

Adalimumab

Route Intravenous (IV)

Subcutaneous (SQ)

Dose

80-160 mg SQ at week 0, 40 mg at week 1, and
40 mg once every week thereafter.

5mg/Kg body weight IV; Give loading dose at week
0 and 2, followed by a maintenance dose of 5mg/kg
body weight every 4- to 6-weeks.

Discontinuation of

Therapy

Continue dosage unchanged and prolong the interval
between 2 doses to once in every 10 days (for 3
months), once in every 2 weeks (for

3 months), and then stop.

Maintain the same dosage and gradually prolong the
interval between 2 doses to 5 weeks (for

3 doses), 6 weeks (for 3 doses), 8 weeks (for

3 doses), 12 weeks (for 3 doses) and stop.

Indications 1. Refractory CS without NYHA Class ITI/IV symptoms

2. Consider use in patients with NYHA III/IV symptoms if CS is the only known cause of HF.

3. Avoid use in NYHA III/IV symptoms if other etiology of HF (other than CS) cannot be excluded.
Contraindications Infections:

- Active or latent TB infection

- Opportunistic infection

- Serious bacterial or fungal infections

- Active herpes zoster infection

- Active hepatitis B or C infection

Malignancy

- Presence of active or prior malignancy in the preceding 5 years.

Pregnancy and Breast Feeding

- Avoid during pregnancy, planned pregnancy (for at least 2 to 3-months prior) or if breastfeeding.
“Decompensated HF with NYHA III/IV symptoms not due to cardiac sarcoidosis is contraindication

Pre-initiation testing

IGRA test, Hepatitis B and C serology, HIV serology, rule out any URT], recent antibiotic use or other active
infection.

Prevention of anti-

Low dose methotrexate and/or glucocorticoids

drug antibody
Vaccinations 1. Avoid live, attenuated vaccines.
2. Encourage preventive influenza, pneumococcal and hepatitis B vaccination before or during therapy with
TNF inhibitors.
3. Encourage the COVID-19 3-dose vaccination series
Duration of Therapy | Treat for at least 3 to 6 months prior to determining efficacy. Consider stable dose for 6 to 12-months after

sustained response prior to discontinuing or tapering therapy.

Key: NYHA = New York Heart Association, HF = heart Failure, IV = intravenous, SQ = subcutaneous’ * Consider use in patients with
NYHA III/IV symptoms if CS is the only known cause of HE.
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Table 8. Predictors of Response to Infliximab in Patients with other forms of Sarcoidosis(128, 142-144)

Evidence of active Inflammation

- Elevated CRP

- Elevated serum soluble IL-2 receptor levels
- Elevated SUV max on PET Scanning
Genetic

- TNF-308A polymorphisms*

CD4+ Lymphopenia

Concomitant prednisone dose **

* TNF-308A GG-genotype had a three-fold higher response to anti-TNF agents than did patients with the AA or AG genotypes(142);
**There was no additional benefit of infliximab in patients on high prednisone doses (> 15mg/day)(143)

Infliximab is expensive and most insurance
companies do not readily approve its use. Predictors
of response to infliximab in CS are unknown. Table 8
summarizes the predictors of response to infliximab
in patients with pulmonary sarcoidosis, however it is
unknown if these are applicable to patients with CS.

ADALIMUMAB

Adalimumab is a recombinant non-chimeric
human IgG1 monoclonal antibody directed against
human TNEF. Like Infliximab, it has high affin-
ity and specificity for soluble TNF-a, but not to
TNF-B(128). Unlike infliximab, it is given subcuta-
neously (SQ) and can be self-administered(128). As
a non-chimeric monoclonal antibody, it has less risk
of antidrug antibodies and may be better tolerated
(121, 145).

Data in support of the use of adalimumab in CS
is limited to retrospective studies and case reports
(121-124). Rosenthal and colleagues (124) retro-
spectively evaluated 28 patients with CS and found
that 16/19 (84%) patients who received adalimumab
for refractory CS or intolerance to methotrexate had
improvement in myocardial *F-FDG uptake; and
12 of these (63%) had complete resolution of myo-
cardial ®F-FDG uptake. Refractory CS was defined
in this study as presence of persistently active dis-
ease (by myocardial "*F-FDG uptake) despite treat-
ment with high dose prednisone (> 30 mg/day for 4
to 8 weeks with subsequent taper to 5mg/day) and
methotrexate (initiated at 10 to 15mg/week and up
titrated by 5mg every 2-weeks to goal dose of 20mg
weekly)(124). Adalimumab was given at a dose of 40
mg SQ every other week in combination with meth-
otrexate 15mg weekly in this study(124).

Jamilloux and colleagues(121) published a large
retrospective multicenter study that included 132 pa-
tients with sarcoidosis and found that CS patients

(n=28) treated with either Infliximab or Adali-
mumab had a significant improvement in the ePOST
(extrapulmonary Physician Organ Severity Tool)
score. There was no significant difference in response
between these TNF antagonists however, severe al-
lergic reactions were more common in patients taking
infliximab than those on adalimumab(121). Adali-
mumab has been safely used in patients allergic to,
or otherwise intolerant to infliximab(121, 146-148).

The usual dose of adalimumab in sarcoidosis
is 40 mg SQ every 1 to 2 weeks (Table 7)(2, 140).
Most experienced sarcoidosis experts favor weekly
dosing as this may be associated with better response
rates(140, 149). As with infliximab, it is recom-
mended to give adalimumab in combination with
low dose prednisone or methotrexate to reduce the
incidence of serum antibody formation(140, 149).
These serum antibodies are associated with lower se-
rum drug concentrations and non-response to ther-
apy(140, 149, 150).

Adalimumab is contraindicated in patients with
severe congestive heart failure, prior or active malig-
nancy, demyelinating neurologic disease and deep
fungal infections (Table 7)(2). As with infliximab, it
is important to monitor for infections in patients on
adalimumab, and to screen for tuberculosis prior to
initiating therapy (2, 140). Although the incidence
of Pneumocystis jiroveci Pneumonia (PJP) infection
in patients with sarcoidosis is low, it is recommended
that sarcoidosis patients on anti-TNF therapy be
considered for PJP prophylaxis(141).

VIII. What other Immunomodulators have been
used in CS?

Riruximas

Rituximab is an intravenous mouse/human
chimeric IgG kappa monoclonal antibody directed



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2022; 39 (2); €2022015 15

against CD20 antigen preferentially found on the
surface of mature peripheral (but not hematopoi-
etic stem cells) B-lymphocytes(151, 152). Rituxi-
mab works by binding to the CD20 receptor on the
surface of B-lymphocytes and inducing cell death
in a variety of direct and indirect mechanisms(152).
Following infusion of Rituximab, there is complete
B-cell depletion and lymphopenia typically last-
ing 6-months, however because hematopoietic stem
cells are spared, there is usually full recovery of B-
lymphocytes in the peripheral blood within 9 to 12
months(151).

Data in support of the use of rituximab in CS
is limited to case reports and retrospective reviews
and suggest that rituximab may be beneficial in
CS patients presenting with both heart failure and
life-threatening arrhythmias(153, 154). Elwazir
and colleagues(154) evaluated 7-patients with ac-
tive CS refractory to (or intolerant of) steroids and
other IST who were treated with rituximab and
6/7 (86%) patients had improvement in myocar-
dial ®F-FDG uptake while 5/7 patients had im-
proved arrythmia burden (on Holter monitoring or
ICD interrogation)(154). There was no significant
change in the mean LVEF before and after treat-
ment(154). Patients received rituximab 1000 mg
intravenously as 2 doses separated by 2 weeks, with
repeat dosing given at 6-monthly intervals in pa-
tients who had persistent myocardial 18F-FDG
uptake or recurrent symptoms (arrythmias, high
grade AVB)(154). Most patients tolerated the in-
fusion well, however one patient developed fungal
catheter-associated infection and sepsis requir-
ing discontinuation of rituximab(154). Most pa-
tients received multiple rounds of rituximab; up
to 8 rounds in one patient with no adverse events
reported(154).

Rituximab has been associated with a lower
rate of drug failure than anti-TNF agents(155). A
retrospective study by Lower and colleagues evalu-
ated 317 patients with sarcoidosis treated with in-
fliximab, adalimumab or rituximab and found that
the rate of discontinuation of drug therapy was
highest for adalimumab (58%) and lowest for rituxi-
mab (29%)(155). Patients were more likely to dis-
continue infliximab and adalimumab for infections
and allergic reactions, than they were to discontinue
rituximab(155).

The most recent ERS guidelines list rituximab
as a potential 3rd line agent that may be useful in

CS; but does not make any recommendations for or
against its use(2). Rituximab carries a high risk for
reactivation of viral infections, and patients should
be screened for viral hepatitis prior to initiating
therapy (Table 7)(2). Rituximab can also lead to IgG
deficiency therefore it is important to monitor IgG
levels with chronic therapy(2). Monitoring for infec-
tions is also strongly recommended(2).

IX. Algorithmic Approach to treatment of CS

Figure 1 reproduced with permission from the
ERS guidelines(2) outlines the current approach to
the use of immunosuppressive therapy in CS.

This approach represents a combination of rec-
ommendations made in the guidelines as well as a
description of current practices where there was in-
sufficient evidence to make a recommendation(2).
It considers the concomitant initiation of corticos-
teroids and IST consistent with recent informa-
tion suggesting outcomes maybe better with that

approach(3, 72).

X. Duration of Immunosuppression in CS

There is no guidance on the duration of IST in
CS patients, however there is suggestion that long
term treatment may be warranted(48, 124, 156).

Nagai and colleagues(156) retrospectively
evaluated 61 CS patients during a mean follow-up
period of 10 years and found that discontinuation
of therapy was associated with decreased LVEF
(following an initial improvement on therapy), and
higher cardiac mortality compared to continuation
of therapy(156). Another study by Rosenthal and
colleagues(124) showed similar findings. 8 of 9 pa-
tients (89%) who discontinued immunosuppression
after achieving initial complete resolution of cardiac
inflammation (on PET scan) had radiographic CS
recurrence an average of 8.4 months after discon-
tinuation of therapy compared to 3/19 (16%) of pa-
tients with uninterrupted immunosuppression(124).
The mean duration of therapy (prior to discontinu-
ation) was 32 months(124). These data suggest that
prolonged and perhaps indefinite immunosuppres-
sion may be beneficial for CS patients(124, 156)
and, for patients who stop immunosuppression,
close surveillance with serial cardiac PET scans may

be beneficial(124).
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CoNCLUSION

CS remains one of the most severe forms of sar-

coidosis, yet several aspects of care remain unclear.
Patients presenting with functional cardiac abnor-
malities, including heart blocks, dysrhythmias, or
cardiomyopathy are at an increased risk of adverse
outcomes and should be strongly considered for im-
munosuppressive therapy(2). While Prednisone and
other immunosuppressive therapy have been shown
to be beneficial in CS patients, there is a suggestion
that outcomes may be improved by concomitant ini-
tiation of therapy and studies are ongoing to better
answer this question(3-5). Prolonged and high cor-
ticosteroid doses are associated with significant mor-
bidity(110-112) and there is data to show that initial
prednisone doses higher than 30mg to 40mg daily
are not necessary in CS patients(23). Therapy should
be initiated early during disease and prolonged dura-
tion is often required(46, 48, 124, 156). TNF block-
ers have been safely used in CS patients including
in those with low LVEF(11, 12, 121), however their
role in CS needs to be better clarified.
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