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American Thoracic Society

MEDICAL SECTION OF THE AMERICAN LUNG ASSOCIATION

Statement on Sarcoidosis
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Exvournive Commirrir, FEBRUARY 1990

Sarcoidosis is a multisystem granulomatous disorder
of unknown cause(s)



Frequency of organ involvement

Lung - 90%
Lymph nodes - 75-90%
leura - 1-5%

Skin - 25%

Eye - 25%

Nasal mucosa - 20%
Larynx - 5%

Bone marrow - 15-40%
Spleen -50-60%
Liver -60-90%
Kidney - Rare
Calcium disorder - 11%
CNS - 5%

Bones - 5%
Joints - 25-50%
Heart - 5%
Endocrine glands - Rare
Parotid gland - 10%
Gl tract - Rare




Thoracic involvement




Staging of Sarcoidosis on the
Basis of Chest Radiographs

STAGE
0

No abnormalities

5%—-10%

STAGE

Lymphadenopathy
(fig. A)

50%

Lymphadenopathy +
pulmonary
infiltration (fig. B)

25%—-30%

Pulmonary
infiltration (fig. C)

10%—-12%

Fibrosis

5%
(up to 25% during
the course of
the disease)
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Natural Course of Pulmonary Sarcoidosis

Granulomatous Inflammation

th or without

Relapse

Fibrosis with permanent

Resolution
ung damage

Judson MA. Respir Med 2012



Acute vs Chronic Sarcoidosis
B o TR e . T . AT . VRN

e Acute, Self Limited Disease
— Disease for less than two years.

— Any residual defects are due to fibrosis, not active
inflammation.

e Chronic
— Disease present beyond two years.

— Some manifestations at presentation can predict chronic
disease.

e Refractory
— Progressing despite therapy



Who should be treated?

* Not all patients require therapy for sarcoidosis
— About half never get treated

 Treatment strategies are different based on
phase of disease

— Acute
— Chronic
— Refractory



Respiratory Medicine (2012) 106, 1351—1361

Available online at www.sciencedirect.com

SciVerse ScienceDirect

journal homepage: www._elsevier.com/locate/rmed -
The treatment of pulmonary sarcoidosis
Marc A. Judson ©
' el h’ : W .

Decisions regarding treatment of sarcoidosis rely on
several factors:

Symptoms
Organ involvement

Signs of functional impairment



The decision to treat

Quality of Life

* Progressive disease * Cough

* Functional impairment * Dyspnea
» Respiratory failure

e Death




Treatment: General considerations
. o~ TS . T B AT . VRN

* Treatment is not curative but only “suspensive” and
a relapse of the disease can be observed in case of
premature interruption

* Treatment suppresses the granuloma formation but it does
not affect established fibrotic lesions

* The role of treatment in altering the natural history of
sarcoidosis remains debated

* There is usually a threshold dose of treatment that controls
granulomatous process



THORACIC INVOLVEMENT

Lofgren’s syndrome Stage II-1lI Asymptomatic Stage II-lll with
- with symptoms minimal PFTs impairment:
- and/or abnormal PFTs observe 3-6 months and treat on

(FVC < 65 %, DLCO < 60 %) deterioration

- and/or progressive

Asymptomatic Stage | Extrinsic bronchial compression Symptomatic Stage O- | consider
by enlarged lymph nodes § trial treatment

Asymptomatic patients with Granulomatous bronchial

(sub) normal PFTs involvement with airflow
limitation or endo-bronchial
stenosis §

Stage IV with symptoms and/or
abnormal PFTs and residual

granulomatous activity

* Rule out other causes
of symptoms

ATS/ERS/WASOG. AJCCMM 1999
Baughman et al. Expert Rev Clin Immunol. 2012

( P H, CH F, muscle d|Sease, Valeyre et al. Lancet 2014
. *Gibson et al. Thorax 1996, *Pietinalho et al. Chest 2002
fat | g ue ) 8 Naccache et al. ] Comput Assist Tomogr 2008

8 Chambellan, Chest 2005



Main anti-inflammatory drugs in sarcoidosis

Drugs Line no. Efficacy evidence | Main contraindications Main adverse effects Comments
Corticosteroids 1 F444 Unstable psychiatric disorders Weight gain, osteoporosis, Rapid efficacy
diabetes, infections, etc. Multiple adverse effects with
prolonged treatment
Methotrexate 2 F4 (Project of) pregnancy Digestive tract disturbance, Preferred 2nd-line treatment,
Liver and severe renal failure, liver abnormal liver tests need contraception
disease
Azathioprine 2 b4 Use of allopurinol Digestive disturbance, infections, Good 2nd-ine treatment, useful
skin carcinomas, liver, and blood when contraception is dubious
cell toxicity
Leflunomide 2  (few data) (Project of) pregnancy Digestive disturbance, diarrhea, Well tolerated
Liver and renal failure hypertension, neutropenia
Mycophenolate mofetil | 2  (few data) (Project of) pregnancy Diarrhea, skin carcinoma Few available data
Cyclophosphamide 2 +4 (few data) (Project of) pregnancy Numerous severe adverse ef- Reserved to very severe and
Renal or bone marrow failure, fects, cancer risk (bladder) refractory cardiac and central
decreased fertility nervous system sarcoidosis,
preserve gametes before
Aminoquinolines 2 Macula impairment Rare retinal impairment, When a response is not urgent
digestive disturbance Well tolerated
Thalidomide 2 H (Project of) pregnancy Teratogenicity, peripheral neu- Dubious efficacy, severe compli-
ropathy, deep vein thrombosis cations, not recommended
Infliximab 3 F4++ (Project of) pregnancy, severe Infections 44+, allergic reac Very useful in severe refractory
CHF, T8 tions, increased risk of carcinoma sarcoidosis, association of
methotrexate if infliximab
antibodies are suspected
Adalimumab 3 4 (Project of) pregnancy, TB, latex Infections, local allergy Indicated in case of failure or

allergy, severe CHF

intolerance with infliximab




Decision tree for symptomatic sarcoidosis
Three-step approach

Organ-threatening disease
Consider afteratives:
corticotropin, CLEAR,
vasoactive intestinal
Disease peptide
Add infliximab || progressionor
6 months of either or adalimumab toxic effects
metr}?tre%ate, proE:ZE:iS;nor Taper glucocosteroids
. . :;Ur:sm';':' toxiceffects to lowest tolerable
Glucosteroids Disease ! dose
suchas progression or of mycophenolte Taper glucosteroids
predisoneor || tosiceffects to lowest tolerable
prednisolone dose
Taper glucosteroids
to lowest tolerable
dose

Baughman RP et al. Lancet Respir Med 2015




Decision tree for symptomatic sarcoidosis

Glucosteroids
such as
prednisone or
prednisolone

First line

Disease
progression or
toxic effects

Taper glucosteroids
to lowest tolerable
dose

Baughman RP et al. Lancet Respir Med 2015



SIX-PHASE TREATMENT

“High'dose”
Ismonth
20-40mg pr.

daperng,
brmonths
Relapse

Viaintenance
2’Months

10mgpr. 10‘75%

Continue for a minimum of 12 months

@bservation
Oimgpr

Judson MA. Respir Med 2012



Decision tree for symptomatic sarcoidosis
Second line

6 months of either
methotrexate,
azathioprine,
leflunomide,
or mycophenolate

Disease
progression or
toxic effects

Baughman RP et al. Lancet Respir Med 2015



Avoid Prednisone Side Effects

Moon face, acne,
flushing, increased j =
facial hair-—--ee-eea'

Increased body

hin skin, tears

easily

Slow-healing |
wounds : 5

—————

I CellCept”
Mycophenolate mofetil
500 mc




Cytotoxic Drugs

Taper glucocorticoids to
prednisone <10 mg/day or
equivalent

Continue glucocorticoids alone

* Pulmonary hypertension, CHF,
muscle weakness, fatigue,

infection

Which cytotoxix drug?

Cytotoxic agents
Methotrexate:Level 1A
Azathioprine Level 1C
Leflunomide Level 1C

Mycophenolate Level 2C




Cytotoxic Drugs

Level of evidence in
sarcoidosis

Most common toxic effects Rare but important toxic
(>1%) effects

Methotrexate

Azathioprine

Leflunomide

Mycophenolate
mofetil

Double-blind placebo-
controlled trials,
prospective case series,
case reports

Prospective case series,
case reports

Double-blind placebo-
controlled trials,
prospective case series,
case reports

Case series

Nausea, mouth ulcers, leucopenia, - Pneumonitis, teratogenic
hepatotoxicity, nausea, infections

Leucopenia, nausea, infections Severe leucopenia,
heptatoxic effects,
pancreatitis, skin cancer

Leucopenia, hepatotoxic effects, ~ Pneumonitis, teratogenic,

infections, alopecia peripheral neuropathy,
hypertension
Nausea, diarrhoea, infections Skin cancer

Baughman RP et al. Lancet Respir Med 2015




Comparison of Methotrexate to Azathioprine

Chronic sarcoidosis

Methotrexate Azathioprine

N=55 |

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

No differencc between groups:
Reduction of prednisone
Improvement in FVC

AZA 1 infections 34.6% vs 18.1%

Vorselaars AD. Chest 2013




Randomized Trial of Prolonged Chloroquine Therapy
in Advanced Pulmonary Sarcoidosis

MARCEL BALTZAN, SANJAY MEHTA, TREVOR H. KIRKHAM, and MANUEL G. COSIO
Respiratory Division and the Division of Meuro-Ophthalmology, Royal Victoria Hospital, McGill University, Montreal, Quebec, Canada

Baseline Month &
Parameter (mean = 5D) (mean = 5D) p Value

FEV. L 2.01 (0.58) 2.36 (0.64) 0.001
Percent predicted 66 (15) 74 (16) 0.002

FVC, L 2.97 (0.78) 3.36 (0.90) 0.003
Percent predicted 71(13) 80 (13) 0.005

TLC, L 5.07 (1.31) 5.36 (1.18) 0.07
Percent predicted 85 (13) 92 (13) 0.08

Dico-SB. mm Hg/min 18.8 (5.2) 20.2 (5.6) 0.02
Percent predicted 68 (13) 73 (13) 0.02

ACE, nmol/L 1,750 (1,336) 977 (836) 0.01
Calcium, mmol/L 2.42 (0.15) 2.32 (0.12) 0.01
Galliumn, score 0 to 4 1.9 (1.3) 0.8 (0.8) 0.004

Mean Score (SE)
=

0 3 6
Months of Chloroguine

Chloroquine should be a consideration as a first-line
drug for the treatment and maintenance therapy of pulmonary sarcoidosis.
Effective steroid-sparing agent in 40% of chronic pulmonary sarcoidosis




Refractory - Complicated sarcoidosis
Third line

‘ Organ-threatening disease

Consider alternatives:
corticotropin, CLEAR,

vasoactive intestinal
Disease peptide
Add infliximab progression or
or adalimumab toxic effects
Disease ,
. Taper glucocosteroids
progression or
. to lowest tolerable
toxic effects
dose
Taper glucosteroids
to lowest tolerable
dose

Baughman RP et al. Lancet Respir Med 2015



Refractory - Complicated sarcoidosis

| | |

Infliximab Level 1A Consider other treatments *
Adalimumab Level 2B Golimumab
Ustekinumab

Rituximab Level 1C
Thalidomide Level 2C

Novel therapies *
Vasoactive intestinal peptide Level 2C
Aprelimast Level 1C




Infliximab treatment for 26 weeks,
48 patients studied
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before of infliximab  of infliximab
infliximab treatment




Who to treat with anti-TNF therapy

e Improved response to
drug e Possible predictors of

— Unsuccessful treatment response

with CS and — Elevated CRP
antimetabolites (such as

MTX) — TNF —a 308
— FVC<70% polymorphism

— Dyspnea > 2
— Disease > 2 years

— Significant extrapulmonary
disease

* Lupus pernio
* CNS




Limitations of Infliximab therapy

Cost

Allergic reactions to medication

— 10% of UC patients withdrawn from infliximab
because of reactions

Increased rate of infections

— TB, fungus
Can not use in advanced CHF
Possible increased rate of malignancy
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Emerging and potential treatment options for sarcoidosis
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I'I] Gheck for updates |

Evidence in
sarcoidosis
Agents Dosage used Mechanism of action Common toxicities Target organs Study N Ref
Apremil ast 20 mg twice PDE-4 inhibitor Gl intolerance, Headache Cutaneous PC 17 [57]
daily
Pentoxifylline 2 mg/'ka/ PDE-4 inhibitor Gl intolerance Pulmonary RCT 27 [58]
day PC 18 [59]
Roflumilast 500 mg/day PDE-4 inhibitor, reduces IL-17 Gl intolerance, weight loss Pulmonary RCT 38 [60]
level
Rituximahb 375 mg/m® IV Monoclonal antibody against Transfusion reaction, pancytopenia, Ocular, pulmonary, OL 10 [61]
every 2 weeks CD20 surface antigen of opportunistic infection, fatigue, headache, neurosarcoidosis, & 3 [62]
B-lymphocytes neuropathy, bone R [63]
[64]
Tetracycline 200 mg/ Tetracycline antibiotics-inhibits Gl intolerance Cutaneous oL 12 [65]
day T-cell proliferation
Thalidomide 50-400 ma/day TNF-a antagonist; possibly reduce Edema, thrombaosis, CNS toxicities, skin Cutaneous, RCT 39 [66]
IL-18 levels. reaction, hypocalcemia, fatigue, weight loss, Pulmonary oL 15 [67]
hypotension RR 19 [68]
Cyclosporine 500 mJ_:u’m2 v Calcineurin inhibitor Hypertension, edema, hirsutism, Gl intolerance  Pulmonary, o 2 [69]
every neurosarcoidosis & 6 [70]
3-4 weeks
ACTHAR gel 40-80 IU IM/SC Synthetic ACTH hormone Seizure, hypertension, cushingoid state, Pulmonary, Eye R [71]
twice weekly infection
Cyclophosphamide 500-1000 mg IV Alkylating agent Pancytopenia, opportunistic infections, Meurosarcoidosis, RR 13 [72]
every Malignancy, Renal, cardiac o 7 (73]
2-4 weeks hemorrhagic cystitis R [74]
[75]
Repository 40-80 unit 5C  Stimulates ACTH secretion Mood change, elevated HBA1c, bruising Pulmonary PC 16 [76]
Corticotropin twice weekly

(RCI)
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Table 5] Prospective potential therapeutic targets for sarcoidosis treatment.

Drugs Proposed mechanism of action Evidence in sarcoidosis
Inhaled VIP Inhibits TNF-a production Open label phase Il trial
Ustekinumab Inhibits IL12/IL-23 complex Negative phase Il RCT

hIL-18 Inhibits expression and neutralizes of IL-18 Preclinical study

CLEAR Inhibits expression of ESAT-6 antigen Phase Il RCT in progress
Nicotine Immunomodulator by altering TLR2, TLR9 response Phase Il RCT in progress
PDA-001 Inhibits T lymphocyte proliferation and differentiation Small phase | trial

Pirfenidone TGF-p and PDGF inhibitor No current trials

Nintedanib Tyrosine kinase inhibitor Phase Il RCT in progress

Rilonocept, canakinumab,
Atorvastatin

BIRB 796, semapimod
Bortezomib, carfilzomib
Abatacept

Tocilizumab, Olokizuma

NLRP3 inflammasome inhibitors
Suppresses Th-1 immune response
P38 MAP kinase inhibitor
Ubiquitin protease inhibitor

CTLA receptor antagonists
Anti-IL-6 antibody

Phase Il double-blind trial in progress
Phase Il RCT in progress

No current trials

No current trials

No current trials

No current trials

VIP: vasoactive intestinal peptide; TNF-a: Tumor necrosis factor alpha; IL-12: interleukin 12; IL-23: interleukin 23; RCT: randomized controlled trial; hIL-18: human
interleukin 18; CLEAR: trial of antimycobacterial therapy in sarcoidosis; ESAT 6: early secreted antigenic target 6; TLR2: Toll-like receptor 2; TLR 9: Toll-like
receptor 9; PDA: human placenta-derived antigen; TGF-[: Transforming growth factor beta; PDGF: platelet-derived growth factor; NLRP3: nucleotide-binding
domain, leucine-rich repeat family, pyrin domain containing 3; MAP: mitogen-activated protein kinase; CTLA: cytotoxic T-lymphocyte-associated protein; IL-6:
interleukin 6.



Therapy: Other general principles

Inhaled steroids for cough, obstruction
Pneumocystis prophylaxis
Prophylactic vaccinations

Age appropriate cancer screening

TB screening

Osteoporosis prophylaxis
Counselling regarding effect on pregnancy
Thiopurine methyl transferase (TPMT) level




FOLLOW-UP SARCOIDOSIS

O Detection of progression

O Detection and treatment of complications ( e.g. PH, infections/aspergilloma)
O Need for oxygen therapy

O Optimal timing of referral for transplantation

There is not a best ‘single test’ to detect change
Hetereogeneity in patterns of functional impairment (PFTs)
Follow up functional deterioration (FVC, FEV1, DLCO) in time, from baseline
A cardinal parameter should sought in every patient

Integrate with CxR, symptoms, eventually HRCT, PET




. . s . . . -
An integrated clinicoradiological staging system for >Wr @
pulmonary sarcoidosis: a case-cohort study

Simon LF Walsh, Athol U'Wells, Nicola Sverzellati Gregory | Keir, Lucio Calandriello, Katerina M Antoniou, Susan ] Copley, Anand Devaraj
Toby M Maher, Elizabetta Renzoni, Andrew G Nicholson, David M Hansell I.a ncet ReSpi r M ed 20 14

CPI Composite Physiological Index

MPAD/AAD > 1
Or
Extent of fibrosis on HRCT >20%

YES NO

High risk/poor prognosis Low risk/good prognosis



Risk factors for progression
Table 1. Risk factors for progression of pulmonary sarcoidosis

Black race vs. white race [6,16] 4+
Longer disease duration [median =33 months vs. median = 12 months) [17] {HEF
Female vs. male sex [6] +
Older age [7] +
Musculoskeletal sarcoidosis at presentation [¢)] +
Colcium disorder, cardiac disease or neurclogic disease secondary fo sarcoidsis [17] -
Extrapulmonary sarcoidosis [8] +
Fibrocystic pulmonary sarcoidosis [7, 18] ++
The presence or worsening of pulmonary symptoms [6,17] -
Treatment with corticosteroids [6,17,19] +++
Treatment with antisarcoidosis medications other than corficosteroids [17] +
Treatment with higher doses of corficosteroids (mean=17mg vs. mean 11mg of daly prednisolone [8] +
Interferon-a therapy [20-22] -
ART [23-25] +

Postlung transplant [26-29]
Treatment with fumor necrosis factor alpha antagonists [usually etanercepl] [30-32] +




FOLLOW-UP SARCOIDOSIS

] Stage | disease: every 6 months
(J Other stages: every 3 to 6 months

d Follow-up for a minimum of 3 years after therapy is
discontinued

 If radiograph has normalized for 3 years, subsequent follow-
up is not routinely required

J Note: Follow-up needs to be more vigilant after corticosteroid-
induced remissions than after spontaneous remissions

There is not curative treatment for sarcoidosis.
The initiation of therapy is only justified when the potential benefits
outweigh the risks...




Conclusions

(] Decision to treat sarcoidosis is a critical decision, given its
natural history and potential side effects of therapy

] Not all patients with sarcoidosis require therapy

] At least half of patients treated will require two years or less of
therapy

] Steroid sparing agents may reduce toxicity from therapy and the
place of infliximab needs to be better delineated

 Failure to respond to therapy can be due to secondary complications,
e.g. pulmonary hypertension

(d Role of pharmacogenetics to predict response to treatment
(treatment “a la carte”)
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DIAGNOSTIC APPROACH: multistep process

Clinicoradiographic data
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CASE#1

Avbpac 60 eTwv, 1N KATIVIOTAC

2O PKOELOWON TEKUNPLWUEVN UE
Boyia Bpoyyou mpo 30etiag, toTE
otadiovu Il

‘Hruia petwon dLayuTtikn ¢ LKavOTNTOC
AopBavel xpoviwe KOPTIKOOTEPOELON
Juvvoonpotnta: maxvoapkia, AY, 2A,
2AAY
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Lotpo tou o€ HRCT kat Triplex kapbiog
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Worsening of pulmonary sarcoidosis

Marc A. Judson® and Robert P. Baughman®

Worsening pulmonary symptoms in

a pulmonary sarcoidosis patient
HI
I Worsening of extrapulmonary
I sarcoidosis

Cardiac sarcoidosis
Pulmonary hypertension®™
Respiratory myopathy/neuropathy

Corticosteroids

+ ischemic heart disease

+ hypertensive haart disease
+ obesity

+ infection

+ myopathy

Other drugs
+ lung toxicity (e.g., methotrexate)
+ infection

I Sarcoidosis-induced parenchymal
I lung damage

Bronchiectasis

Lung infecticn {airway/pneumonia)
Asthma/bronchopasm

Pulmeonary hypertension®

' Other con 5 ed or

. unrelated to sarcoid:

Depression

Fatigue

Small fiber neuropathy
Pulmonary embolism




NMpooEépXeTal YIa ETTAVEAEYXO KAl
AOyw atrouciag Tou Ogpdatrovra
I0TPOU TOU, £geTaletal oto TEI
AOyw Tng ePPEVOUOOG  Kal
TTPOOOEUTIKA EMIOEIVOUNEVNG
duoTrvolag TrpooTrabeiag




Worsening of pulmonary sarcoidosis

Mare A. Judson® and Robert P. Baughman®

Worsening pulmonary symptoms in
a pulmonary sarcoidosis patient

Prograssive pulmenary sarcoidosis

Worsening of extrapulmonary
sarcoidosis

Cardiac sarcoidosis
Pulmonary hypertension®™
Respiratory myopathy/neuropathy

Complications of treatment

Corticosteroids

+ ischemic heart disease

+ hypertensive haart disease
+ obesity

+ infection

« myopathy

Other drugs
+ lung toxicity (e.g., methotrexate)
+ infection

Sarcoidosis-induced parenchymal
lung damage

Bronchiectasis

Lung infecticn {airway/pneumonia)
Asthma/bronchopasm

Pulmeonary hypertension®

Other conditions associated or
unrelated to sarcoidosis

Depression
Fatigue
[ =3

Pulmonary embolism
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