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Goals and Objectives

« To understand the epidemiology of Sarcoidosis
 To understand the proposed pathophysiology of Sarcoidosis
* To understand the initial diagnostics for Sarcoidosis "
» To understand the treatment approach to Sarcoidosis
* To understand some facets of special circumstancﬁ/
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Brazil
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Belgium

Czech Republic
Argentina

United States: ~185,000'
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Sarcoidosis prevalence
per 100,000 population3
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Sarcoidosis Has an Increased Incidence in Older

Population and Is Most Common in African Americans’

» Although earlier studies
characterized sarcoidosis as a
disease of young people, recent
studies have shown an increased
incidence in the older population.’

» Among patients with sarcoidosis, 59% 44/ 7
were 55 years of age or older.! N =29,372.

m Male
® Female

 Sarcoidosis 3x more prevalent in
African American women than in
white American women.'

* In a separate study, the disease was
more severe in African Americans than
in white Americans.?

African White Hispanics
Reprinted with permission of the American Thoracic Society. Copyright © 2019 American Thcf)r':EE }f‘;m; Americans Americans

Race and Ethnicity



Sarcoidosis Associated Disease Burden?->

Increased Mortality

« Aversge age- and sex-adpusted sarcoidosis-relsted mortslity was 4.32
per 1,000,000 population in the United States over a 20-year period.’

*  The age-adjusted mortsality rate for non-Hispanic black Americans is
12 fimes higher than for whitas.®

Retrospective analysis of data collected from the
Mational Center for Health Statistics (1383-2007; N = 46,450 483)
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Decreased Quality of Life (QOL)

« Patients with sarcoidosis had significant
decrements in their QOL 4

Emotional and Physical

¥ psychological functioning ¥
health
i.

[ ]
Role Independence
"' functioning * g '
I B

3 Vitality Social life -J
".‘ Fatigue




Immune Dysregulation Is Believed in Sarcoidosi
Chronic Disease’?

Fibrosis

1. lannuzzi MC et al. N Engl J Med. 2007;357’::;»:: 165. 2. |

Physician
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Mitigating Immune Diseases Primarily Focuse:

e

on Restoring Immune Balance’2
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Anti-inflammatory
mediators

‘ Promote resolution
Inhibit inflammation _

« Activation and resolution are key in balancing the i

« Melanocortin system may play an important rol

processes.34

TJ et al. Int J Inflam. 2013;2013:985815. 4. Catania A et al. Pharmacol
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Sarcoidosis Immune Dysregulation Involving

Multiple Immune Cells’-3

= figrate to Affected titsie a8
aree af first respanders

»  Releases THF-0 inducing
wasodilation and monacybe)
Iy phwacyte fltration

- = Helegss pro-mflammatory
.

cytakines (&g, IL-1, -6, -12, -13]
promoting:

» Leukocyte infilbration

» T-gell activation

» Touq inlfribdtian

v T-coll apaptosts inhibition
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1. Timmermans WM et al. Clin Transl Immunology. 2016;5(12):e ,-//
2014;13(5):300-306. 3. Loke WS et al. Int J Chronic Dis. 2013;20! :92



Sarcoidosis Immune Dysregulation Involving
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1. Timmermans WM et al. Clin Transl Immunology. 2016;5(12):e118./; taz E
Immunol. 2014;13(5):300-306. 3. Loke WS et al. Int J Chronic Dis::;’



Sarcoidosis Immune Dysregulation Involving

Multiple Immune Cells’-3
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1. Timmermans WM et al. Clin Transl Immunology. 2016;5(12):e11
Immunol. 2014;13(5):300-306. 3. Loke WS et al. Int J Chronic
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Sarcoidosis Immune Dysregulation Involving

Multiple Immune Cells’-3

B-cells :;“ 7, ! affectod tissums’

f,.' ¢ Redoced survher of memory
._.;_-:” . %’T“Q rells and plasma cells » bloas

¢ Boell NP evels ame redined
’ and may aftect 3 cell reeponaey
and proliferation’

NK Cells

||||||

1. Timmermans WM et al. Clin Transl Immunology. 2016;5(12):e
2014;13(5):300-306. 3. Loke WS et al. Int J Chronic Dis. 2013;2



Granuloma Formation May Result in

Ag = antigen; HLA = human leukocyte antigen; IFN = interferon; MC

receptor 3; TCR = T-cell receptor; TNF = tumor necrosis factor. .
Am J Respir Crit Care Med. 2011;183:573-5811. 2. lannuzzi MC ¢

nela
1. Adaptec
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Spontaneous
resolution

ranuloma

\ Immune

dysregulation:
persistence of
chronic disease
and/or fibrosis




Melanocortin System May Be Involved In
Immunologlcal and PhyS|oIoglcaI Processes?!3

*The melanocortin system may play an integral role in a diverse array of effe '
*Regulation of immune cell adhesion and trafficking
Inhibition of NF-kB signaling and activation & Steroidogenesis

Cylokines and
COrher Molecules

ACTH = adrenocorticotropic hormone; MSH = melanocyte- stlmul‘ ormon

1. Brzoska T et al. Endocr Rev. 2008;29:581-602. 2. Catania A et aJ ' f%/ aco
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Clinical Diagnosis of Sarcoidosi

* Only 15.3% of patients were diagnosed on the ﬁo”jﬁ?e‘
first physician visit and ~46% of patients /' HRQOL

required >4 physician visits until diagnosis.

status,
rather

« >20% of cases required 6 or more visits until Perceptic | pedicale
the diagnosis was established. n may » P o

/ cont{(i)bute \ { in physical
« Multiple factors caused diagnosis and symptoms | abtity
treatment delay. of | mental

v i 7 .
epress1 bility2

 |nitial disease was often asymptomatic.
» Symptoms are nonspecific

* Involvement of any organ system. and

emotional
health as
condition important

as . as physical

" serious”? omplain
HRQOL = health-related QOL. / :
F et al. Ches

Judson MA et al. Am J Respir Crit Care Med. 2015;191(7):786-795. 2. Cox

/ perceived '
their

 Economic factors and/or other barriers



Sarcoidosis Involves Both Pulmonary and
Extrapulmonary Manifestations




Sarcoidosis Patients Diverse Symptoms

Pulmonary?2 Systemic'2

Dyspnea Fatigue
Cough and wheezing Night sweats
Bronchial hyperreactivity Weight loss

Bilateral hilar adenopathy
Fibrosis

Pulmonary hypertension

At least one-third of patients are a

1. lannuzzi MC et al. N Engl J Med. 2007;357:2153-2156. 2. Criado E et al. Radiographi
3. Baughman RP, Lower EE. Eur Respir Mon. 2005;32:301-315. ' '



Sarcoidosis : Probable

African American or Northern European
« Aged 20-39 yeays (males and females); aged > 40-50 years Iin females™
* Increased age
* Nonsmoker

. Hypergammaglobullnemla

» Peripheral blood Iymphopenla

» Elevation of liver enzymes or | gerum calcium’

« Family history of sarcoidosis”

» Elevated blomarkers (sIL2R ACE, 1,25-(OH)2-vitamin D

« Multiorgan disease™

« Radiographic findings: bilateral hilar adenopathy
HRCT: disease along the bronchovascular

1. Judson MA. Clin Chest Med. 2008;29:415-427. 2. Culver DA. Curr Opin Pulm |
Soc. 2016;13:67-71. 4. lannuzzi MC et al. N Engl J Med. 2007;357:2153- 2165;, St
bimodal pattern of age-specific incidence among women. 3,4



Sarcoidosi: Less Probable

Aged <18 years
Aged >50 years in males’
Exposure to beryllium and other metal dusts'?
Exposure to tuberculosis!?
Recurrent infections?
Hypogammaglobulinemia?
Systemic disease capable of inducing granulomatous reactlon .

» Malignancy
* Inflammatory bowel disease

. Immunodeﬂuency

Rales’

Clubbmg

1. Judson MA. Clin Chest Med. 2008;29:415-427. 2. Culver DA. Curr Opin Pul
et al. Ann Am Thorac Soc. 2016;13:67-71. 4. lannuzzi MC et al. N Engl J Med. :

z

northern Europe and Japan have described a bimodal pattern of age- spec;i” ’f 2
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History & Physical: Sarcoidosis

sarcoidosis may affect any organ in the body
» Temporal presentatlon of symptoms may be useful.

zzzz

directly related to deposmon of sarcoid granulomas.

« Systemic increase of mediators (?) from sarcoid granulomas:
» Small fiber neuropathy ’
» Erythema nodosum
» Fatigue
» Pain syndromes

* May not respond to antigranulomatous therapy



* Three criteria for diagnosing
sarcoidosis:

(1) compatible clinical and radiologic
presentation

Cconsensus (2) pathologic evidence of
Statement noncaseating granulomas

(3) exclusion of other diseases with
similar findings

Sarcolidosis:
International

Diagnosis and Detection of Sarcoidosis. An Official American Thoracic Society Clinical Practice Guideline :
https://doi.org/10.1164/rccm.202002-0251ST r \
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https://doi.org/10.1164/rccm.202002-0251ST

Stage!? Radiologic Abnormalities Stage at Diagnosis, %

5-10

None

Bilateral hilar lymphadenopathy without infiltration
Bilateral hilar lymphadenopathy with infiltration

Infiltration alone

Fibrotic bands, bullae, hilar retraction, bronchiectasis,

) diaphragmatic tenting

Image reproduced with permission from Jara-Palomares L et al. Clinical manifestations of sarcoidosis. In: Ei
Intech Open; 2013:109-143. 7

7
1. lannuzzi MC et al. N Engl J Med. 2007;357:2153-2165. 2. Criado E et al. Radiographics. 2010;30:1% -1586. ¢
manifestations of sarcoidosis. In: Eishi Y, ed. Sarcoidosis. London, UK: Intech Open; 2013:109-143.



Lung and Lymph Node Involvement Detected by | BIN@=

Physician B

Chest Radiography'-?

Stage |l

Image reproduced with permission from Jara-Palomares L et al. Clinical mani
Intech Open; 2013:109-143.

1. lannuzzi MC et al. N Engl J Med. 2007;357:2153-2165. 2. Criado E et
manifestations of sarcoidosis. In; Eishi Y, ed. Sarcoidosis. London, UK: |




Sarcoidosis Radiology

 Bilateral lymphadenopathy
« Micronodular changes

» Perilymphatic distribution,
including spreading along
the fissures.

» Highly specific for
Sarcoidosis

Image reproduced with permission from Nunes et L. Respir J. 2012;40:750
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Sarcoidosis Radiology
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Screening of Asymptomatic Patients

screening Test(s)

Serum fwer funciion tests

iZhest CT scan

Complete blood count
Feripheral srmesar
Chest CT scan

Splesn

Hadney Serum creatinine,® uric acid

Baone marmow Complete blood coumt

Typical Results Suggesting Sarcoidosis

Isolated elevation of slkalime phosphate

Alkaline phosphates elevated greater than transaminase elevation
Hepatomegaly

Liver nodulas

Dwmninished cell lInes

Howeall-Jolly bodies

Splenomegsahy
Splenic nodulas

Elevated creatinine," elevated proteinursa, hypercalciuna
Diminished cell lInes




Images reproduced with permission from the publisher (Taylor & Francis Ltd

Screening for Ocular Sarcoidosis

Trabecular nodules
Tent-like periph anterior synechia
Retinal perivasculitis
Granulomatous iritis

Mutton fat keratic precipitates

Iris nodules

Snowball or string of pearls
Retinochoroidal patchy exudates

The presence of any three of
these is highly suggestive of
sarcoidosis; the presence of any
two is suggestive of sarcoidosis.

Koeppe nodules??
common
manifestations
of ocular
sarcoidosis

Herbort CP et al. Ocul Immunol Inflamm. 2009;17:160-169. _ ,_ Busacca nodules?b
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Cardiac Sarcoidosis: Screening

= Clinical symptoms
= Physical exam
= 12-lead electrocardiogram

Holter monitoring
Echocardiogram

Initiate diagnostic work-up with cardiac
imaging and electrophysiologic evaluation




Sarcoidosis: Vitamin D Dysregulation

ALL PATIENTS

—_ . Hypercalcemia
Sanum calcium :

iConsider sarcoidosis-induced hypercalcemia
25-0H lows
Sarnum 265-0H vitamin O 1,25-diCCH high-normnal or high Serem PTH
Serom 1,25-diCH witamin D Serum PTH Serum PTH
normnal or Nw
250 low high d
1. Z25-diri0OH lows Comsider Consistent with vitaman D
or low-normal hyp=rparathyroidisnn dysregulstion from sarcoidosis

Consider witamin D supplementstion,
bome density determiinaticn

FRenal msuffici=ncy Consider mephrofithiasis from sarcoidosis-induced vitaman O

=&|num crestinine dysregulation and parenchymal renal sarcoidosis

_____ Microscopic hematuria Consider sarcoidosis-induced nephrolithiasis:
Irinalysis  e— |54 hour urine collection test for calciumn, creatinine, citrate, urate, oxalate
Renal ultrasocund for mephrodithiasis

+
Patients with a history of nephrolithiasis, gross hematuria, renal insufficiency, hypercalcemia




Specific clinical syndrome: Biopsy: noncaseating granulomas
= Lofgren’s syndrome

= Heerfordt’s syndrome

= Asymptomatic bilateral hilar adenopathy on
chest radiograph

= “Lambda + panda” sign on gallium-67 scan




Sarcoidosis Biopsy

» Biopsy should be used to exclude A . Y
alternate causes of granulomatous -

inflammation’ ' _—

» Noncaseating epithelioid
granulomas with tightly packed ' L
epithelioid cells, Langhans giant
cells and lymphocytes (T cells),
often adjacent to bronchioles and :
around and within vessel walls, >
pleura and connective tissue
septa

Images reproduced with permission from Criado E et al. : : ;
1. Judson MA. F1000Prime Rep. 2014;6:89. 2. Criado E et . 4 .
al. Radiographics. 2010;30:1567-1586. A N ( H

: .
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Sarcoidosis Biopsy ST st )
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concretions of calcium and protein B, L gl ¥, S )
with multinucleated Langhans i;’ Y e T s
giant cells | R e e Nk ;:'?.’-'".-JF 9
| , - ™S
Asteroid bodies: stellate inclusions s F" ¥Foroa® "\ !
within giant cells, in 60% of . i . “Q A ) {
granulomas Asteroid bodies PR e QAR

Neither is specific for sarcoid (also
seen in berylliosis)

Other Forms also exhist :
necrotizing sarcoid granulomatosis



Specific clinical syndrome: Biopsy: noncaseating granulomas
= Lofgren syndrome
= Heerfordt syndrome

= Asymptomatic bilateral hilar adenopathy on Exclude other
chest radiograph granulomatous disease

= “Lambda + panda” sign on gallium-67 scan

Document systemic involvement:
To confirm systemic involvement, clinical
evidence of second organ involvement is heeded




Serologic Biomarkers: Development of
Granulomas or Fibrosis

Granuloma burden
CD4+ T-helper cell activation
Chitotriosidase Activated macrophages and neutrophils

Chemokines

(CXCL9, 10, 11) Presence of CD4+ T helper Th1 cells

Activated macrophages and epithelioid

Lysozyme cells

| KL-6 Lymphocytic alveolitis

Vitamin D dysregulation® Activated macrophages

SAA Activated macrophages




Biomarkers & Imaging

Biomarkers

Clinical data and biomarkers role in
management.

*No gold-standard

*Unidimensional biomarkers
probably do not represent true
extent of the disease. _
*There is often a poor correlation
between the objective measures of
sarcoidosis disease activity,
%l%el_ase severity and the patient’s

Chopra A et al. Expert Rev Clin Immunol. 2016;12(11):1191-1208.

Imaging
*Provides detail on specificm"” an
Involvement /

*Radiography and CT can det
aniich it c):/onglor_n@
+18F-FDG-PET can indical

NATC
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particularly us
and cardiac sarcoic
® I //
MRI Is use

sarcoidosis an:
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Major Clinical Factors for Pulmonary
Sarcoidosis?:2
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Advanced Pulmonary Sarcoidosis May NCH
Encompass Several Features

Group

Physiologic Radiographic o Histopathologic
impairments Pulmonary abnormalities : features
hypertension _ Predominant “Fibrotic
fibrotic pattern on granulomatous”
chest radiography histopathologic

Bronchiectasis

(Scadding stage 4) pattern

Airways stenosis

Mycetoma

Patel DC, Budev M, and Culver DA. In:
a Guide for the Practicing Physician
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Fibrosis Is Observed in Some Patients With
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— Fibrosis of sarcoidosis

‘ » ~-5% to 10% fibrotic lung
| « Same distribution (mid to
, upper lobes)
- Chronic granulomatous - Some granulomas hyalinize

inflammation with time leading to scarred
granulomas

Most will stabilize wi;}:i

e
e
£

the need for indefinit o
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medical therapy

Patel DC, Budev M, and Culver DA. In: Judson MA, ed. Pulmonary Sarcoi
a Guide for the Practicing Physician. New York, NY: Springer Science+Bi



Treatment Balance Risk of Undertreatment

Undertreatment
of granulomatous Risk of toxicities
inflammation

e Reduce the burden of granulomatous
inflammation with an intention to modify

,g;;;;ff"” symptoms and decrease functional
impairment

Patel DC, Budev M, and Culver DA. In: Judson MA, ed. Pulmonary Sarcoid

Physician. New York, NY: Springer Science+Business Media; 2014:7






Advanced Sarcoidosis Might Not Equate With
Irremediable Disease, Could Potentially Be Treated

| Lung transplant | ‘
i d P é - Serum markers of

disease activity

ACE = angiotensin converting enzyme; FDG-PET = 18 fluorodeoxyglucose positro emission

1. Patel DC, Budev M, and Culver DA. In: Judson MA, ed. Pulmonary Sarcoid ,' uide |
2014:79-110. 2. Aryal S, Nathan SD. Ther Adv Respir Dis. 2019.13:1-15.
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Multi-specialty Disease

ingle-cohort, retrospective Ivsis at the
Medic ILJ h,.fSuth[ I a Multidis pl oid
['199‘:! 2010)
B Crgan imesohvement
H COrgan trestmen

ili.-]] 1. JJ JI




Stage llI-1V chest radiograph Cardiac

Pulmonary hypertension Neurologic

A

Significant lung function
impairment

Moderate to severe dyspnea
on presentation

BAL neutrophilia at
presentation

1. Lazar CA, Culver DA. Semin Respir Crit Care Med. 201}9 -
2. 2. American Thoracic Society. Am J Respir Crit Care M 9



Natural History Sarcoidosis




The most significant single
organ is often the target of

therapy, even if multiple
organs require treatment?

Symptom presentation
Impacts decision to treat and
therapies used!?

Consider long-term Patient and physician
toxicities of medications? \ preference*

1. Baughman R et al. Semin Respir Crit Care Med. 2014;35:391-406. 2. Pulmonary, Crit}@/ /,,3'/
http://www.chestnet.org/Education/eLearning/e-Learning/ Sarcoidosis-New-Concep; Cau
2010;31:501-518. 4. Baughman RP, Lower EE. Eur Respir Mon. 2005;32:301-315. .



Immunosuppressants Used to Treat Sarcoidosis NCH
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Classification of Immunosuppressants

Fhysician
Group

agents that suppress the immune system and are used for the control of

hological immune response in autoimmune disease.

Inhibitors of lymphocyte gene expression

Inhibitors of lymphocyte signaling
Cytotoxic agents
Cytokine inhibitors

Anti-immune cell molecule antibodies

Reduce inflammatory response

Prevent immune cell
activation and proliferation

Reduce lymphocyte proliferation

Inhibit proinflammatory or
lymphocyte-stimulating cytokines

Inhibit specific immune cell
molecules

Glucocorticoids

» Calcineurin inhibitors
* mTOR inhibitors

* Antimetabolites
* Alkylating agents

* TNF-a inhibitors

Monoclonal or polyclonal
antibodies



NCH_

Physician
Group

Symptomatic
Organ function impaired
Organ endangered
Progressive disease
Clear-cut activity
Low likelihood of remission

Minimal symptoms _
Good organ function
Low risk of danger
Inactive disease
Higher likelihood of remission

Observation
favored

Treatment
- favored

Figure reproduced with permission from Wijsenbe ul
= ; i
Wijsenbeek MS, Culver DA. Clin Chest Med. ﬁf/,/»/%"’, 1-76



Symptomatic Sarcoidosis: Strength of

Recommendation and Level of Evidence

Therapy?-3 Grade of RecommendationaP

Biologics 1A, 1B

Corticosteroids 1A

Corticotropin 1C

Cytotoxics 1A, 1B, 1C

bLevel of evidence: A, high-quality evidence; B, moderate-quality evidence; C, low-quality evidence.

1. Zhou Y et al. Expert Rev Respir Med. 2016;10:577-591. 2. Foundation for Sarcoidosis Research. Physicians’ Treatment P Stoc
Protocoll.pdf. Accessed July 10, 2020. 3. Guyatt G et al. Chest. 2006;129:174. 7
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Goal of Sarcoidosis Treatment: NCH
Reduce Corticosteroids Toxicity

p

Viaaslal
:"{ [ 11}
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Patients who need corticosteroids for
long periods are at risk for toxicity,

even if they are receiving a relatively
low dose?

» Cataracts/glaucoma
» Osteoporosis

Increasing

Dose and Duration of Corticosteroid Therap

zzzzzzz
zzzzzzzz
zzzzzz
zzzzzz

1. Foundation for Sarcoidosis Research.
Rayos prescribing information, Horizon Ph
et al. Drug Des Devel Ther. 2013;7:3%
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Steroids vs Steroid-Sparing Drugs?

Steroid-sparing agents should be considered
term therapy, have persistent disease or a

Poor prognostic factors
Challenging organs

O/ds Comorbidities

Chronicity
Good prognosis
Responsive organs fe
e ro;
Comorbidities 0/ Dar;
Recent onset LY

Image reproduced with permission from Wijsen
1. Lazar CA, Culver DA. Semin Res



Immunomodulators : Novel Approach to the
Treatment of Sarcoidosis’

Immunomodulators'

Immunosuppressants' Immunostimulants®

o May restore depressed
immune function of
lymphocytes, monocytes
and macrophages’

* May increase cytokine
praduction, leading to
increased lymphocyte
praliferation or lymphocyte
surface marker induction’










