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Introduction

Multi organ disease

— Wide distribution of clinical presentations
« Some may be diagnostic

Unknown etiology
— Pathology supportive but not diagnostic

Patients have a variable clinical outcome
— Over a third never require systemic therapy

— Up to a third need long term treatment

Recent evidence-based guidelines have
been published for diagnosis and treatment






Ocu!a.r: Neurologic:
Uveltis N Seventh cranial nerve palsy
Pars planitis Lymphocytic meningitis
Optic neuropathy Gallium enhancing lesion on MRI
Mutton fat keratic precipitates

Skin:

Lupus pernio
Erythema nodosum
Maculo-papular lesions
Papules within tatoo

Thoracic:

Bilateral hilar adenopathy
Bilateral upper lobe infiltrates
Perilymphatic nodules on HRCT
Peribronchial thickening on HRCT
Lymphocytic alveolitis on BAL

Liver:
Increased alkaline phosphatase

Hepatosplenomegaly Cordinc:

PET enhancement of myocardium

Gallium enhancement of myocardium
Ventricular arrhythmias
Cardiomyopathy

Abnormal calcium metabolism:
Hypercalcemia or hypercalcuria
(with or without nephrolithiasis)

with an increased 1,25-OH
dihydroxy vitamin D level

Patient gave written permission for use of photograph of face
Judson MA, Sarcoidosis Vasc Diffuse Lung Dis 2014; 31:19.27




Evidence based approach to diagnosis of sarcoidosis

Clinical presentation

Highly supportive of Consistent with sarcoidosis
sarcoldosis:
Lofgren’s syndrome, Biopsy performed
Lupus pernio,

Heerfordt’s syndrome

Bilateral hilar adenopathy

with not symptoms Clinical Negative or Positive and

presentation [ alternative consistent with
supportive of cause for sarcoldosis

Sarcoidosis sarcoldosis granuloma

identified

Other causes for

eular?? granulomas ruled out
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Sarcoidosis

Crouser ED, et al. Am J Respir Crit Care Med 2020; 201(8):e26-e51.



Evidence based approach to diagnosis of sarcoidosis

Clinical presentation

Highly supportive of Consistent with sarcoidosis
sarcoldosis .
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Heerfordt's syndrome, or

Bilateral hilar adenopathy
with not symptoms

Clinical -
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sarcoidosis cause for sarcoirdosis
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Sarcoidosis
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ACCESS 736 patients

Lung 1s most common organ sampled to
diagnose sarcoidosis

# Cases # Biopsied % Biopsied
of number
cases

Intrathoracic 9 81%
Skin 63%

Peripheral 54%
lymph node

Otolaryngeal 50%
Liver 22%

Teirstein AS et al. Sarcoidosis Vasc Diffuse Lung Dis 2005; 22(2):139-146.



Role of Bronchoscopy 1n

Diagnosis of Sarcoidosis
Biopsy
— Bronchial biopsy
— Transbronchial biopsy
— Cryo biopsy
Needle biopsy
— TBNA
— EBUS

Bronchoalveolar lavage

Cultures to rule out other causes of
granulomatous diseases



Evaluate chest imaging

Rule out pulmonary
hypertension

Significant adenopathy

EBUS performed BAL prior
to biopsy

Biopsy abnormal airway it
present

TBBB or
Cryobiopsy

ROSE: Rapid On Site Evaluation
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Evidence based approach to diagnosis of sarcoidosis

Clinical presentation

Highly supportive of Consistent with sarcoidosis

sarcoldosis
(Loferen’s syndrome, Biopsy performed

Lupus pernio,

Heerfordt’s syndrome, or

Jilateral hilar adenopathy ST i
with not symptoms) Clinical Negative or LSS e

presentation alternative consistent with
supportive of cause for sarcoidosis
Sarcoidosis sarcoidosis granuloma
identitied

Other causes for
granulomas ruled out

Sarcoidosis

Crouser ED, et al. Am J Respir Crit Care Med 2020; 201(8).e26-e51.



Sarcoidosis Diagnostic Score

* Scoring system based on identifying individual organ
involvement using WASOG criteria (Judson MA, et al.

Sarcoidosis VDLD 2014; 31:19-27)
— 3 points for each organ with highly probable organ involvement
— 2 points for probable organ involvement

» Scoring system was developed at one institution

— 980 patients
e 553 with sarcoidosis

» Validated with a multi-center, multi-national study
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Clinical diagnosis of

sarcordosis

SDS clinical

>9 Biopsy
performed

Positive and
consistent with

Sarcoidosis * Sy e
sarcoidosis

Sarcoidosis *
Probable

sarcoldosis

*In patients with beryllium exposure, ANCA, or CVID, sarcoidosis can not be



Well’s Law:
Only treat sarcoidosis to avoid
danger or improve quality of life
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ERS clinical practice guidelines on treatment of sarcoidosis

Robert P. Baughman®, Dominique Valeyre?, Peter Korsten ©%, Alexander G. Mathioudakis ®*,
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EUROPEAN RESPIRATORY JOURNAL

TABLE 1 Task Force recommendations

PICO question

ERS GUIDELINES | R.P. BAUGHMAN ET AL.

Recommendations

1) In patients with pulmonary sarcoidosis, should
glucocorticoid treatment be used versus no
immunosuppressive treatment?

2) In patients with pulmonary sarcoidosis, should
one add immunosuppressive treatment or

remain on glucocorticoid treatment alone?

3) In patients with cutaneous sarcoidosis, should
glucocorticoid treatment be used versus no
immunosuppressive treatment?

4) In patients with cutaneous sarcoidosis, should
one add other immunosuppressive treatment
when treatment with glucocorticoids has not
been effective?

For untreated patients with major involvement from pulmonary sarcoidosis believed to
be at higher risk of future mortality or permanent disability from sarcoidosis, we
recommend the introduction of glucocorticoid treatment to improve and/or preserve FVC
and Qol. (Strong recommendation, low quality of evidence.)

For patients with symptomatic pulmonary sarcoidosis believed to be at higher risk of
future mortality or permanent disability from sarcoidosis who have been treated with
glucocorticoids and have continued disease or unacceptable side-effects from
glucocorticoids, we suggest the addition of methotrexate to improve and/or preserve FVC
and QoL. (Conditional recommendation, very low quality of evidence.)

For patients with symptomatic pulmonary sarcoidosis believed to be at higher risk of
future mortality or permanent disability from sarcoidosis who have been treated with
glucocorticoids or other immunosuppressive agents and have continued disease, we
suggest the addition of infliximab to improve and/or preserve FVC and QolL. (Conditional
recommendation, low quality of evidence.)

For patients with cutaneous sarcoidosis and cosmetically important active skin lesions which
cannot be controlled by local treatment, we suggest oral glucocorticoids be considered to
reduce skin lesions. (Conditional recommendation, very low quality of evidence.)

For patients with cutaneous sarcoidosis who have been treated with glucocorticoids
and/or other immunosuppressive agents and have continued cosmetically important
active skin disease, we suggest the addition of infliximab compared to no additional
treatment to reduce skin lesions. (Conditional recommendation, low quality of evidence.)




5) In patients with clinically relevant cardiac

For patients with evidence of functional cardiac abnormalities, including heart block,

sarcoidosis, should glucocorticoids with or dysrhythmias or cardiomyopathy, we recommend the use of glucocorticoids (with or
without other immunosuppressives versus no without other immunosuppressives). (Strong recommendation, very low quality of evidence)
immunosuppression be used?

B) In patients with neurosarcoidosis, should »  For patients with clinically significant neurosarcoidosis, we recommend treatment with
immunosuppressive treatment be used versus no glucocorticoids. (Strong recommendation, very low qualty of evidence,)
immunasuppressive treatment? »  For patients with neurosarcoidosis that have been treated with glucocorticoids and have

continued disease, we suggest the addition of methotrexate. (Conditional
recommendation, very low quality of evidence)
» For patients with neurosarcoidosis that have been treated with glucocorticoids and a
second-line agent (methotrexate, azathioprine, mycophenolate mofetil) and have
continued disease, we suggest the addition of infliximab. (Conditional recommendation,
very low quality of evidence,)
In patients with sarcoidosis who have troublesome fatigue, we suggest a pulmonary

7) In patients with sarcoidosis-associated fatigue,

should immunosuppressants, neurostimulants, rehabilitation programme andjor inspiratory muscle strength training for 612 weeks to
exercise or other treatments be used versus no imprave fatigue. (Conditional recommendation, low quality of evidence)
treatment for fatigue? v In patients with sarcoidosis who have troublesome fatigue that is not related to disease

activity, and after consideration of a pulmonary exercise or rehabilitation programme, we
suggest the use of o-methylphenidate or armodafinil for 8 weeks to test its effect on
fatigue and tolerability. (Conditional recommendation, low quality of evidence.)
8) In sarcoidosis patients with small-fibre »  No recommendations were made for this PICO question due to a lack of sufficient evidence,
neuropathy, should immunosuppressants or
intravenous immunoglobulin be prescribed
versus no treatment?

PICO: Patients, Intervention, Comparison, Outcomes; FVC: forced vital capacity; QoL: quality of life.




European Respiratory Society Evidence Based
Recommendations for Treatment of Pulmonary Sarcoidoiss
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Baughman RP, et al. ERS clinical practice guidelines on treatment of sarcoidosis. Eur Respir ] 2021;2004079



Morbidity and Mortality of Advanced Sarcoidosis

Pulmonary fibrosis Morbidity 90%

25% Mortality 20%
Pulmonary hypertension Morbidity 90%
10% Mortality 35%
Cardiac Morbidity 60-90%
10-30% Mortality 10-30%
Neurologic Morbidity 90%
10% Mortality 5%

Sarcoidosis

Ocular Morbidity 50%
20% Mortality 0%
Renal Morbidity 30%
<5% Mortality 0%
Liver Morbidity 5-10%

10-20% Mortality <1%

Baughman RP, Wells AU. Advanced sarcoidosis. Curr Opin Pulm Med 2019; 25:497-504.
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Recommendations for Treatment of Pulmonary Sarcoidois:

Assess nn-;fw trectment *
INTERMEDIATE RISK BUT
LOWERIGK IMPAIRED QUALITY OF LIFE HIGH RISK

. . l

Observe Glucocorticoids Good dinical response
i lowest possable dose Successtul GC tapar

Glucocorticolds

Astess need
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v A

v ‘ Methotrexate | Methotrexate
Azathiopeine ———————
Azathwopnne
Ghucocorticolds Leflunomide a 5
. Leflunomide
Mycophenolate mofetil

o Mycophenalate mafetil
Hydroxychlorogquane Hydroxychioroquine

Contined dnecre
v OR relagoe

CUALITY OF DVRENCE COOLS Inflixmimab Good chinical response
Adalimumab Successful GC taper Adakmumab

Contivnd dneare Contimed dsetie
OR relzpre OR relapae
2 A4

Rituximab Rituximab
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European Respiratory Society Evidence Based
Recommendations for Treatment of Pulmonary Sarcoidoiss

INTERMEDIATE RISK BUT
IMPAIRED QUALITY OF LIFE HIGH RISK

| |

Y A

Glucocorticoids
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continued disease OR relopse

Good clinical response
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Successful GC taper ucocortico

g ans

continuved diseas
|
Y

Methotrexate
Azathioprine
Leflunomide

Mycophenolate mofetil
Hydroxychloroguine

Good clinical response
Successful GC taper

Methotrexate

Azathioprine
Leflunomide
Mycophenolate mofetil
Hydroxychloroguine

Continwed disease
OR relapse

Continued disease
OR relapse

Inflixmimab
Adalimumab

Good clinical response
Successful GC taper |

Adalimumab

Continved disease

Continved disease
OR relapse OR relapse

Rituximab
JAK-inhibitor
RCI

Good clinical response
Successful GC taper

Rituximab
JAK:inhibitor
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European Respiratory Society Evidence Based
Recommendations for Treatment of Pulmonary Sarcoidoiss

INTERMEDIATE RISK BUT
IMPAIRED QUALITY OF LIFE

i

Glucocorticoids Good clinical response
lowest possible dose Successful GC taper

" fpae g,
continved disease OR relapse

Methotrexate
Azathioprine

Leflunomide Good clinical response
Mycophenolate mofetil Successful GC taper

Hydroxychloroquine

Inflixmimab Good clinical response
Adalimumab Successful GC taper

Continved disease
OR relapse

Rituximab

JAK-inhibitor Good clinical response
RCI ¢ Successful GC taper

Baughman RP, et al. ERS clinical practice guidelines on treatment of sarcoidosis. Eur Respir J 2021;2004079

HIGH RISK

Y

Glucocorticoids

Methotrexate

Azathioprine
Leflunomide
Mycophenolate mofetil
Hydroxychloroquine

OR relapse

Adalimumab

Continved disease
OR relopse

Rituximab
JAK-inhibitor
RCI




Steroid Sparing Effect of Methotrexate
for Acute Sarcoidosis

- MTX PLA

« Methotrexate patients

had a significant lower :3 |

prednisone dose in the 2 35 \\ -

last six months of = ;g el

study. £l NIy o
« This was associated = 15

with significantly less = lg %

weight gain for 0 ,

patients on MTX 0 6 12

Baughman et al Sarcoidosis 2000; 17: 60-66



Methotrexate vs Azathioprine

» Retrospective study of treatment of these
agents as steroid sparing agents

* Two sites employing different therapy
— One site: Methotrexate

— Other site: Azathioprine

Vorselaars AD, et al. Chest 2013:10-1728.



Comparison of Methotrexate to Azathioprine

Chronic sarcoidosis

|

Methotrexate Azathioprine

N=55
Stopped due to side effects Stopped due to side effects
N=23 (15.8%) N=14 (25.5%)

Reduction of dose of prednisone mean 10 mg over first year, similar
for both treatments
Improvement in FVC of 95 ml/year, no difference between groups

More likely to discontinue azathioprine, usually due to infection,
p=0.01



European Respiratory Society Evidence Based
Recommendations for Treatment of Pulmonary Sarcoidoiss

| |
INTERMEDIATE RISK BUT
IMPAIRED QUALITY OF LIFE HIGH RISK

l $

Glucocorticoids Good clinical response
lowest possible dose Successful GC taper

Glucocorticoids

|

Skgnificant GC side effects OR Significant GC side effects OR
continved disease OR relapse continved disease OR relapse

A\

Methotrexate l Methotrexate

Azathioprine
Leflunomide Good clinical response

Mycophenolate mofetil Successful GC taper
Hydroxychloroguine

Azathioprine
Leflunomide
Mycophenolate mofetil
Hydroxychloroguine

OR relapse

inflixmimab Good clinical response
Adalimumab Successful GC taper

OR relopse OR relapse

Rituximab Rituximab
JAK-inhibitor Good clinical response JAK-inhibitor
RCI o Successful GC taper — RCI

Baughman RP, et al. ERS clinical practice guidelines on treatment of sarcoidosis. Eur Respir J 2021;2004079



Infliximab treatment for 26 weeks
48 patients studied
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6 months Initiation  After 6 months
before of infliximab  of infliximab
infliximab treatment

Vorselaars AD et al. Eur Respir J 2015; 46:175-185.



Who should be considered for
infliximab therapy?

* Chronic advanced pulmonary disease

* Evidence for ongoing inflammation
— Elevated CRP

— Increased soluble IL-2 receptor

— Positive PET scan
* Lupus pernio
* Neurologic disease

» Refractory eye disease

Drent M et al. Sarcoidosis Vasc Diffuse Lung Dis 2014; 31(2):91-107.



Not all anti-TNF agents are the same

 Etanercept less effective
— TNF receptor antagonist

— Limited benefit in treating progressive
pulmonary disease

« Utz JP et al. Chest 2003; 124(1):177-185.

— No different from placebo in treating eye
disease

* Baughman RP et al. Chest 2005; 128(2):1062-1067.

* Golibmumab showed no improvement in

pulmonary disease
 Judson MA et al. Eur Respir J 2014; 44:1296-1307.



Pulmonary sarcoidosis

Assess mca/of treatment*
INTERMEDIATE RISK BUT
IMPAIRED QUALITY OF LIFE HIGH RISK

Y Y

Glucocorticoids Good clinical response
lowest possible dose Successful GC taper

Glucocorticods

Significant GC side efffects OR Significant GC side effects OR
continved disease OR relapse continved disease OR relapse
\

Methotrexate Methotrexate

Azathioprine

Leflunomide Good clinical response
Mycophenolate mofetil Successful GC taper

Hydroxychloroquine

Azathioprine
Leflunomide
Mycophenclate mofetil
Hydroxychloroquine

Cw:-f;w‘{ disease Continued dizsecte ‘
OR relopre OR relopse Y

Inflixmimab Good dlinical response | _

Adalimumab Successful GC taper | Adalimurmab |

Continued disease Continved disease ‘
OR relapse OR relopse

Rituximab Rm{x'qwgb
JAK-inhibitor Good clinical response JAK-inhibitor
RCI Successful GC taper R

Baughman RP, et al. ERS clinical practice guidelines on treatment of sarcoidosis.



Third Line Drugs for Sarcoidosis
recommended ERS Guidelines 2021

Agent Mechanism
of Action

Infliximab Anti-TNF
monoclonal
antibody

Adalmumab Anti-TNF
monoclonal
antibody

Rituximab B cell
depletion

MCRs

Studies
supporting
usage
DBPC trial
pulm/skin

DBPC ftrial

skin

Open label
prospective
trial

Open label
prospective
agent

Case reports

GRADE
recommendation

Pulmonary disease

Case by case
recommendation

Neurologic
Cardiac

Pulmonary,
neurologic, cardiac
Pulmonary

Pulmonary

Pulmonary




University of Cincinnati
Comparison of Third Line

Number treated Total
Discontinued
Infliximab 28 142 (55.0%)
Adalimumab - 30 (57.7%)
RCI ' 43 (42.6%)
Rituximab 10 (29.4%) §

*number (percent) of those treated with specific regimen
§ Differences between treatments, Chi square=11.959, p=0.0075

Lower EE, et al. Clin Exp Rheumatol 2020; 38(5):834-840.



Reasons for drug discontinuation

H Infliximab ™ Adalimumab = RCI = Rituximab
20

18

16

=

€

o

*
* | N

8]2 ‘

Q

A 10 I 2

[T S~ R -

Infection Adverse events Insurance Toxicity

* For both Infection and Adverse Events, p<0.01



Other recommendations from
ERS include

Skin involvement

Cardiac involvement
Neurologic involvement
Sarcoidosis associated fatigue

Sarcoidosis associated small fiber
neuropathy



Assess neced
Ffor freotrmernd™
.

Topical glucocorticoids

Significant GC side-affects OR
caontinuwed disease OF relopse

Sfgnificant GC side-effects OFR
caontinued diseose OR relopse

Hydroxychloraquine OR
Chloroquines

Corrtinued diseasse
OR refopse

Corrtinuea discase
OR relopse

Corrvtinued diseoasa
OR relopse

Quality of evidence codes: -
Aadalimumalb

Aadditional agents:
Apremilast
Tofacitinib

Current practice

Therapeutic decision codes:




First Report of use of Infliximab for sarcoidosis:
before and after three months of Infliximab

Baughman and Lower Sarcoidosis 2001; 18: 70-74.



~ Pacemaker
d cardioverter de T

as indicated by Cardiology consult | 1
Methotrexate
Azathioprine
Leflunomide
Mycophenolate mofetil
Switch to different
second-line agent if
Significant GC side effects OR
continved disease OR relapse
Y
Methotrexate
Azathioprine
Leflunomide
Mycophenolate mofetil
Continved disease
OR relapse
\J
 QUALITY OF EVIDENCE CODES lnﬂi)fmimab
Adalimumab
Cuarost procuss Cyclophosphamide
THERAPEUTIC DECISIONCODES
e




QUALITY OF EVIDENCE CODES

LWM
Very ow quaty evidence

Convents practice

THERAPEUTIC DECISION CODES

&

Mycophenolate mofetil
Azathioprine
Hydroychloroquine

\J
|I Infliximab Il

Adalimumab

Significant GC side effects OR
continued disease OR relapse

—_—

Continved disease
OR relapse

o

] clinical respo
jecessful GC tape

>d clinical respol
' | GC tap

Iy ‘r




Infliximab 1n neurosarcoidosis

18 patients studies

At 6 months of therapy

— Complete remission 6 (33%)
— Partial remission 10 (56%)
— Stable disease 2 (11%)

Median follow-up time was
20 months (range 6-93)

Significant improvement of

modified Rankin score
(mRS) and prednisone dose

Functional
status,

prednisone ||
dose

Cohen AF, et al. ] Neurol 2017; 264(5):891-897.



QUALITY OF EVIDENCE CODES

Convens peactne

THERAPEUTIC DECISION CODES

dosis-assoc
fatigue*

No response to
treating ongoing

symptomatic sarcoidosis

Continuved symptoms

Low-dose
Glucocorticoids
andfor
Methotrexate

ﬁ{’;_dinial respo:




PHT _
Treatment Oxygen + Diuretics

Evaluate for pulmonary artery stenosis

Treat underlying inflammation of sarcoidosis and mediastinal compression by chest
imaging

Discuss treatment of precapillary pulmonary hypertension in all patients

Consider all these treatments on a case by case basis

Intravenous/inhaled prostacyclins

Endothelin receptor antagonists

PDE-5 inhibitors

Riociguat

Response: No response

Continue therap

PVCo50% prodicted BB EVCSS0%

Combination therapy
Savale L et al )
Eur Resp Rev 2022 m Consider for lung transplant




Conclusion

Diagnosis of sarcoidosis 1s a combination of
clinical features and biopsy

Several agents are available for treating the
inflammation seen 1n sarcoidosis

A step wise approach to therapy seems
appropriate
Treatment for advanced disease should

include both anti-inflammatory and other
treatments



