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Overview

Welcome to this overview of eosinophilic granulomatosis
with polyangiitis with Michael Wechsler, MD. In this
activity, Dr. Wechsler reviews the pathogenesis,
diagnosis, prognosis, and treatment of EGPA. This
presentation will help you recognize EGPA and
differentiate it from other diagnoses and other small-
vessel vasculitides, and develop treatment plans based
on the patient’s prognosis and response to first-line
treatments.

Target Audience

This activity was developed for allergist/immunologists,
rheumatologists, pulmonologists, hematologists,
dermatologists, cardiologists, EENT specialists and other
clinicians involved in the care of patients with EGPA.

Learning Objectives
At the conclusion of this activity, participants should be
better able to:
e Discuss the clinical signs and symptoms that
support a diagnosis of EGPA
e Describe the clinical progression of EGPA
e Classify patients’ risk based on disease activity
and the presence of ANCA
e Select an appropriate therapy for EGPA based on
patient’s disease activity and characteristics
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Michael Wechsler, MD: Welcome to this CME program
entitled, Eosinophilic in Patients with Asthma: A Sign of
Eosinophilic Granulomatosis with Polyangiitis. This
program was produced by the Annenberg Center for
Health Sciences and this activity is supported by an
educational grant from GlaxoSmithKline.

Our goals are to discuss the clinical signs and symptoms
that support a diagnosis of EGPA, to describe the clinical
progression of EGPA, to classify patients' risk based on
disease activity and the presence of antineutrophil
cytoplasmic antibodies or ANCA, and to show how to
select an appropriate therapy for EGPA based on the
patient's disease activity and characteristics.

ANCA-Associated Vasculitides

Inflammatory disorders of the blood vessel walls

» Leukocyte infiltration affects vessel structure and integrity
+ Categorized by size of affected vessel

Commonly associated with ANCA

* Antineutrophil cytoplasmic antibodies

Require urgent recognition and intervention

* Can be fatal or cause organ damage

Heterogenous presentation

* Most cause constitutional symptoms with single- or multi-organ involvement

EGPA or Eosinophilic Granulomatosis with Polyangiitis, is
an ANCA associated vasculitis. ANCA associated
vasculitides are inflammatory disorders of the blood
vessel walls and they result from leukocyte or white
blood cell infiltration that affects blood vessels' structure
and integrity. They're often categorized by the size of the
effected blood vessel. Small vessel vasculitides, medium
vessel vasculitides, or large vessel vasculitides. There's
several entities that are commonly associated with these
antineutrophil cytoplasmic antibodies and it's
important to recognize, so that one could urgently
intervene if needed. Because oftentimes, these
vasculitides can be fatal or cause significant organ
damage.

One of the challenges with making a diagnosis of ANCA
associated vasculitides is that they often have a
heterogeneous presentation. They can cause
constitutional symptoms and they can have either single

or multiorgan involvement. And that's part of the
challenge is identifying patients who present with this
variegated heterogeneous presentation of a systemic
disease with potentially localized manifestations.

Recognizing Vasculitides

F e -
L) Large Vessel Vasculitis Granulomatous Disease )
X y (eg, giant cell arteritis, Takayasu arteritis)

t@ Medium Vessel Vasculitis
A

Small Vessel Vasculitis

Polyarteritis nodosa
Kawasaki disease
(anti-endothelial cell antibodies)
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ANCA-associated

Mon-ANCA associated

In terms of recognizing vasculitides, we already
mentioned that vasculitides can be broken down based
on the size of the blood vessels. In terms of large vessel
vasculitides, they can often present as granulomatosis
disease, such as may occur in giant cell arteritis or
Takayasu's arteritis. Medium vessel vasculitides include
polyarteritis nodosa, Kawasaki disease, and can have
presentation with anti-endothelial cell antibodies. In
terms of small vessel vasculitides, one can think of ANCA
associated and non-ANCA associated vasculitides.

ANCA- and Immune-Complex Associated
Small Vessel Vasculitides

e Wegener's Granulomatasis

ANCA-Associated Microseapic Polyangiitis
More Common Vasculitides —
(AdVs) EGPA (Churg-5trauss syndrome)

=fp-  Drug-induced
Small Vessel

Vasculitis =P Paraneoplastic vasculitis

Inflammatory bowel disease vasculitis

Nen-ANCA — Immune-complex Mediated (eg, Infection-
induced vasculitis, systemic lupus
erythematesus, Henoch-Schanlein purpura,

e cryoglobulinemic vasculitis, Goodpasture
disease, drug-induced)

Less Common Associated
Vasculitides

In terms of the ANCA associate vasculitides, which are
more common, one might see Wegener's
granulomatosis, which is also known as granulomatosis
with  polyangiitis, microscopic polyangiitis, and
eosinophilic granulomatosis with polyangiitis. It used to
be called Churg-Strauss syndrome. There are also drug
induced vasculitides that are associated with ANCA.

3
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In terms of the small vessel non-ANCA associated
vasculitides, which are generally less common, these
may occur in association with paraneoplastic syndromes
and results in paraneoplastic vasculitis. There can be
inflammatory bowel disease associated vasculitis,
immune complex mediated vasculitis that may include
infection-induced vasculitis, systemic lupus
erythematosus, Henoch-Schoenlein purpura,
cryoglobulinemia vasculitis, Goodpasture disease, and
drug induced vasculitis.

ANCA-associated Small-vessel Vasculitides

T
Microscopic palyangiitis Commen
Small V‘??SEI » (MPA) “Necratizing glamerulanephritis
Vasculitis [Micrascopic polyangiitis) = Pulmonary capillaritis
= ANCA"
o Few or none -
;t; =) “Immune deposits with NV
b < — Absent
*\ml? *Granulomatous inflammation
B » Granulomatosiswith Common
* Necrotizing vasculitis polyanglitls (GPA) «Upper and lower respiratary tract

affecting arteries, (Wegener’s granulomatosis)  »Necrotizingglomerulonephritis
arterioles, capillaries, «ANCAT

venules Eosinophilic granulomatosis  Common

with polyangiitis [EGPA) - Eosinophil-rich NG invalving respiratory tract
affected (Churg-Strauss Syndrome} *Asthma

* |g deposits rare or not = Eosinophilia
present on vessel walls — - ANCA*30-70%

ANCAmore comman with glomerulonephritis

= Medium vessels can be

*CHCC2012 Designation (abbreviation), {farmer name). |g, immanogkouling NG, necrotizing gramsomatous inflammation; NY, necrotizing vasculitis,
Groh M, ot al. Eur { Intern Med 2015;26:545-553. Mansi 1A, ot al. Am Fam Physician 2002;65:1615-1620.

In terms of ANCA-associated small-vessel vasculitides,
there are 3 key entities that need to be recognized. These
include microscopic polyangiitis, granulomatosis with
polyangiitis, that used to be known as Wegener's
granulomatosis, and eosinophilic granulomatosis with
polyangiitis, that used to be known as Churg-Strauss
syndrome. All 3 of these entities affect small vessels, and
they're associated with necrotizing vasculitis that affects
the arteries, the arterials, the capillaries, and the
venules. However, these entities can also affect medium
sized blood vessels as well.

Immunoglobulin deposits are rare, or they're not present
on blood vessel walls, and so they can be distinguished
from other entities. So how do we distinguish these 3
entities? Well, microscopic polyangiitis is generally
associated with necrotizing glomerulonephritis, and can
be associated with pulmonary capillaritis. It has
antineutrophil cytoplasmic antibodies in almost all cases,
and most of the time it's p-ANCA or myeloperoxidase
antibody positive. Few patients may have immune
deposits with necrotizing vasculitis, but granulomatosis

inflammation is essentially absent from all of these kinds
of patients.

In contrast to MPA, granulomatosis with polyangiitis, it's
a bit more common in terms of its presentation with both
upper and lower respiratory tract symptoms, as well as
necrotizing  glomerulonephritis. In  contrast to
microscopic polyangiitis, the antineutrophil cytoplasmic
antibody profile in GPA is generally associated c-ANCA or
PR3 antibodies.

Eosinophilic granulomatosis with polyangiitis is a
completely distinct entity from the other 2. It's
associated with eosinophilia, and almost all patients
have asthma. Fewer patients are ANCA-positive. Only
somewhere between 30% to 70% of patients are ANCA-
positive, and they generally have a p-ANCA or
myeloperoxidase profile. ANCA is more common in these
patients who have glomerulonephritis. So this are helpful
ways to distinguish between these 3 entities in the
context of vasculitis.

AAVs are Rare (and Under-reported)

Incidence

+ Microscopic pelyangiitis =3 per 10°

+ Granulomatosis with polyangiitis 210 per 106

. i ilie grany is with iti 0.5-6.8 per 10°

Prevalence

* Eosinephilic gran. is with poly 10-13 per 10%

Age of onset * Rare in children and adolescents
* Median age of enset in 4 or 5" decade
* Uncommon after 65 years of age

Gender discrepancy Nene (women are 48-64%)

Assoclation with asthma

* Incidence in asthma population 60-80 per 10F

+ Prior histery of bronchial asthma *90%

* Duration of asthma (median)

5-9 years before EGPA diagnosis

Now, ANCA-associated vasculitides are somewhat rare.
Microscopic polyangiitis has a incidence of 3 per million,
granulomatosis with polyangiitis has an incidence of 10
per million, and eosinophilic granulomatosis with
polyangiitis has an incidence somewhere in between,
generally around 5 to 6 cases per million. The prevalence
of eosinophilic granulomatosis with polyangiitis is a little
bit higher, and that includes all the people who come
into this entity with new disease. And it generally reflects
around 10 to 13 cases per million population.
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In general, this is a disease of adulthood. The median age
of onset is in the fourth or fifth decade. It's relatively rare
in children and adolescents, but it can occur. And it's also
uncommon after age of 65, but it can occur in that age
group as well. There's really no gender discrepancy in
these patients. It will affect males almost as frequently
as females, with a general range in female prevalence of
48% to 64%. In terms of the association with asthma, the
incidence in the asthma population of EGPA is 60 to 80
cases per million. And over 90% of patients with EGPA
have a prior history of bronchial asthma. And the
duration of asthma is generally 5 to 9 years before an
EGPA diagnosis.

Suspect Small-vessel Vasculitis in Patients with a Multisystem
Disease not Associated with Infection or Malignancy

New-onset asthma in an adult patient Recently worsening asthma in an adult patient
4
Additional Manifestations of Small-vessel Vasculitis to Look for

Constitutional symptoms Musculoskeletal symptoms
* Fever, weight loss, ancrexia, general malaise = Myalgia, arthralgia
Skin rashes Neurologic symptoms
+ Palpable purpura, urticaria + Peripheral neuropathy {especially mononauritis)
Pulmonary disease
* Dyspnea, cough, hemoptysis, lung infiltrate, interstitial lung disease, pulmonary hemorrhage
Renal dysfunction
* Proteinuria, hematuria, renal insufficiency, renal failure, necrotizing glomerulonephritis
Gastrointestinal
# Fecal blood, elevated liver enzymes, diarrhea, nausea, vomiting, abdominal pain

Wuamsl 18,2t . Am Fom Phypsician 2001:3:1813-20

One should consider a diagnosis of small-vessel vasculitis
in patients who present with multisystem disease that's
not associated with infection or malignancy. So, when a
patient presents with new-onset asthma in an adult
patient, or if there's recently worsening asthma in an
adult patient, one should start asking and do a detailed
history to identify whether or not there are other signs
and symptoms of vasculitis. These may include asking
about constitutional symptoms. Does the patient have
fever, weight loss, anorexia, or malaise? Does the patient
have musculoskeletal symptoms, including myalgias and
arthralgias? Has the patient had a skin rash with palpable
purpura or urticaria? Has the patient presented with
neurologic symptoms, such as peripheral neuropathy, or
especially mononeuritis multiplex.

It's also important to ask about pulmonary disease
manifestations. Does the patient have shortness of
breath, cough, hemoptysis, pulmonary infiltrates? Is
there evidence of interstitial lung disease or pulmonary

hemorrhage? Or does the patient have renal
dysfunction? Do they have proteinuria, hematuria, renal
insufficiency, or renal failure, or necrotizing
glomerulonephritis? Lastly, does the patient have
gastrointestinal manifestations? Do they have blood in
their stool, elevated liver enzymes, nausea, vomiting,
diarrhea, or abdominal pain? These are all important
symptoms and signs to ask patients about. In the context
of evaluating patients' new asthma, adult-onset asthma,
or any of these symptoms, you want to ask a broad range
of questions to try and identify whether or not a patient
has small-vessel vasculitis.

EGPA Progresses Through 3 Variable Phases

Asthma Onset

T ——
2 or 3 decade Peripheral eosinophilia 3 or 4™ decade
Variable onset/variable duration Eosinophilic organ Emergence of life-threatening
Clinical manifestations involvement complications of systemic

* Upper respiratory Pulmenary infiltrates vasculitis

* Late-onset or worsening
asthma

* Nonspecific (eg, arthralgia,
myalgia, malaise, fever, weight
loss) Mecratizing glomerulenephritis

Neuralogic symptems

Granulomatosis

Easinophilic gastroenteritis

Serosal effusion
Full range of renal symptoms

Skin lesions

Now, in terms of EGPA, eosinophilic granulomatosis with
polyangiitis, there are generally 3 phases that may occur
variably in all patients. There's a prodromal or allergic
phase that generally starts off in the second or third
decade of life, and has variable onset with variable
duration, with clinical manifestations including upper
respiratory symptoms, late onset or worsening asthma,
and then some nonspecific symptoms of arthralgias,
myalgias, malaise, fever, and weight loss.

Later on, usually months later, a patient will enter the
eosinophilic phase. They may have evidence of
peripheral blood eosinophilia, eosinophilic organ
involvement. And that may manifest in terms of
pulmonary infiltrates, eosinophilic gastroenteritis, and
serosal effusions.

In the vasculitic phase, which can often occur years later,
and generally in the third or fourth decade of life, there
can be emergence of potentially life-threatening
complications of systemic vasculitis. And these may

5
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include neurologic symptomes, if the vasculitis affects the
nerves, granulomatosis, a full range of renal symptoms,
including necrotizing glomerulonephritis, skin lesions,
and involvement of other organ systems in the Gl tract,
in the heart, or in the central nervous system.

Survival Has Improved with Treatment to Reduce
Vasculitic Flares and Complications*

Overall survival of patients according to the period of diagnosis

o |
s

——

-] =
-
e | — <1980

- 1980-1989
= 1990-1999
— 2000-2010
o
=

Survival
1]
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0 20 30 40
Years from Diagnosis

Now, survival of EGPA has improved with treatment as
we've been able to demonstrate that we can reduce
vasculitic flares and complications. Overall survival of
patients has changed over time, and what we've seen is
that over the last couple of decades we've significantly
improved outcomes in these patients. From before the
1980s to the last decade, 2010 to 2020, survival has
improved dramatically, and we've been able to
significantly reduce vasculitic flares and complications.

Pathogenesis: Genetic and Environmental

ACQUIRED DETERMINANTS GEMETIC DETERMINANTS
+ Allergens * HLA-DRE1 *04 and *07
* Infections * HLA-DRE4

- Vaccinations -~ - 110 SNP
- Drugs
- Silica expasure “ e
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The pathophysiology of vasculitides and of EGPA in
specific is generally very complex, and there are
environmental as well as genetic determinants that can
help identify what is going on and what are the processes
involved in the pathophysiology of this complex
syndrome. In terms of environmental factors, allergens,
infections, vaccines, drugs, and silica exposure have all

been implicated, on top of an underlying genetic profile
that often includes mutations in the HLA-DRB1 gene HLA-
DRB4 gene, and in the IL10 gene. In general, these result
in the manifestations of eosinophilic granulomatosis
with polyangiitis and associated with that are the
underlying pathophysiological findings that may include
eosinophilia in a variety of different organs.

How does eosinophilia emerge? Well, eosinophils are
produced from the bone marrow and stimulated to
release into circulation through eotaxin-3. This is
generally stimulated from different cytokines, including
TSLP, IL4, IL5, IL13, IL25, amongst others. And there is a
complex interaction between T regulatory cells in type 2
as well as non-type 2 pathways.

In addition, EGPA is unique in that it's characterized by
not only the eosinophilic component of the
pathophysiology, but also in terms of the ANCA
association and the presence of blood vessels. B cells
that are stimulated by interleukin 4, interleukin 13, and
Th2 cells will produce antibodies, including
antineutrophil cytoplasmic antibodies, and 1gG4, all of
which  can cause some of the complicated
pathophysiology that is occurring in these patients.

Eosinophils in EGPA

Marrmal Range Easinophiia Hypereasinophiia

30-350 celis/ul =450 cellsful 1500 cellsful

» Normal functions
+ Homeostatic tasks in lymphoid organs. bone marrow, gut. and some non-ymphoid organs
= T cels and mast cels can recruit eosinophils to inflammatory sites
+ Pathogenesis in EGPA
» Maintain an (aberrant) Th2 immune response
« Participate in both granulomatous and vasculitic features
+ Cause tissue damage via innate and antibody-dependent mechanisms

In terms of understanding eosinophilia and EGPA, it's
important to recognize when is it considered to be
normal? In general, we think that eosinophils that are
less than 300 to 400 are in the normal range. Eosinophils
that are about 400 to 500 are considered to be moderate
eosinophilia. And then eosinophils that are greater than
1,500 are considered to be associated with high levels of
hypereosinophilia.
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Now, eosinophils play a role in terms of homeostasis.
They're involved in homeostatic tasks in lymphoid
organs, the bone marrow, the gut, as well as some
lymphoid organs, and T cells and mast cells can recruit
eosinophils to inflammatory sites.

In terms of the pathogenesis in EGPA, it's important to
recognize that eosinophils may result from an aberrant
Th2 immune response, and that eosinophils can
participate in both granulomatosis, as well as vasculitic
features of the disease, and they cause damage by innate
and antibody- dependent mechanisms. Eosinophils can
release different mediators, including eosinophilic
cationic protein, eosinophil-derived neurotoxin, and
major basic protein that can all cause tissue damage.

Eosinophils in EGPA

Marmal Range Eouincphiia Hypereosinophiia

S 1 —

30-350 cel/ul 450 calls/ul >1500 celks/ul

*+ Cytokine control of eosinophils
= IL3, GM-CSF, IL5 promote development and maturation in bone marrow
= |L5 key for survival and persistence in circulating and tissue eosinophils

+ Cellularinteractions
= Several lymphoid and myeloid cells (eg. mast cells and Th2 lymphocytes) produce ILS
= Eosinophil-mediated IL5 secretion has autocrine and paracrine effects
= Eotaxins and CCR3 are important for eosinophil recruitment into tissues

What is controlling the eosinophils are different
cytokines. As we mentioned, IL3, GMCSF, and IL5
promote the development and maturation of eosinophils
in the bone marrow. Interleukin 5 is key for survival and
persistence in circulating and tissue eosinophils. And
other cytokines, including interleukin 4 and interleukin
13 play a role along with IL5 in terms of eosinophil
trafficking into the tissue.

In addition to the complexities of cytokines that are
associated with eosinophilic tissue infiltration, there are
a lot of other cellular interactions. Several lymphoid and
myeloid cells can produce IL5, eosinophil-mediated IL5
secretion has autocrine and paracrine effects, and
eotaxins and chemokines like chemokine CCR3 are
important for eosinophil recruitment into tissues.

EGPA Diagnostic/Classification Criteria

Asthma Asthma
Peak peripheral blood eosinophil count >1.5 x 10°%/ec Eosinophilia =10%
Systemic vasculitis involving 22 extrapulmenary organs Neuropathy (mona or poly)

All 3 criteria should be fulfilled for diagnosis of EGPA Pulmonary infiltrates {non-fixed)
Paranasal sinus abrormality
Extravascular eesinephils

EGPA Is diagnosed If 4 of the 6 criterla are met

We've talked about eosinophils. We've talked about
vasculitides. Now let's talk a little bit about EGPA. What
is EGPA, eosinophilic granulomatosis with polyangiitis?
Well, when this entity was first described on an autopsy
series back in the 1950s by Jacob Churg and Lotte
Strauss, it was defined based on pathologic criteria. It
was actually described at the time as allergic angiitis with
granulomatosis. When Churg and Strauss identified
patients on an autopsy series who had features of
asthma, eosinophilia, and granuloma, as well as what
they called embarrassment of different blood vessels in
different organs.

In the 1980s, the Lanham criteria were developed, and
this was more of a clinical diagnosis. EGPA was defined
as patients who had asthma, eosinophilia, systemic of
vasculitis involving 2 or more extra pulmonary organs.
And one needed to have all 3 criteria to fulfill a diagnosis
of EGPA. In 1990, the American College of Rheumatology
said that we need to be able to distinguish EGPA from
other entities. And they said, "Well, if you have vasculitis
and you meet 4 of the following 6 criteria, then we can
confidently say that you have EGPA." Those criteria
included asthma, eosinophilia, neuropathy, pulmonary
infiltrates, paranasal sinus abnormality, and extra
vascular eosinophils, or eosinophilic vasculitis. And a
diagnosis of EGPA was attained if one had 4 of the 6
criteria met. These were meant to be classification
criteria in the context of vasculitis. They weren't
necessarily meant as diagnostic criteria.
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Differential Diagnosis and Common Misdiagnoses

+ Eosinophilic asthma * Drug-induced eosinophilia

+ Eosinophilic pneumonia * Infection
« HES * Parasitic (eg, toxocariasis)
: . i . . * Fungal (aspergillosis)
* Idiopathic chronic eosinophilic « Tuberculosis
pneumonia *+ Viral (HIV, HTLY-1}
* Allergic bronchopulmonary
aspergillosis

* Paraneoplastic eosinophilia

So what else can complicate the diagnosis of patients
with EGPA? What's the differential diagnosis and what
are some common misdiagnoses? Well, certainly
patients with EGPA present with asthma and
eosinophilia. So eosinophilic asthma can be a differential.
Patients with eosinophilic pneumonia present with
asthma, eosinophilia, and pulmonary infiltrates, as well
as sometimes sinus disease. And those are all part of the
diagnosis of EGPA. Hypereosinophilic syndrome can
present with eosinophilic tissue infiltration variety of
organs, idiopathic chronic eosinophilic pneumonia
presents with pulmonary infiltrates in eosinophilia,
allergic bronchopulmonary aspergillosis presents with
pulmonary infiltrates, eosinophilia and is often IgE-
mediated with antibodies towards aspergillus. That can
be drug-induced eosinophilia, infection associated
eosinophilia with lung manifestations that include
parasitic disease, fungal disease, TB, and viral infections.
And then there can be paraneoplastic eosinophilia.

Recognizing EGPA Common Presentations

48-year old woman

* L4-year history of asthma
* Recent symptam waorsening
— Required treatment in ED
Intermittent OCS.
Persistent cough

Additional histary

sing topical steroid nasal spray
+ Neurology consult for difficulty walking

* “Hyperensinophilia, unknawn significance™
6385/mm? noted by allergist during blood work 3 years
ago

Physical exam findings

= Areas of petechiae araund knees and elbows

It'simportant to take a good history and to do a thorough
evaluation of our patients to figure out what is going on
in them. In order to help us recognize some common

presentations, let's review a case of a 49-year-old
woman who presented with EGPA. She had a 14-year
history of asthma and she had recent symptom
worsening requiring treatment in the emergency room,
intermittent oral corticosteroids, and she had persistent
cough. On top of that, she also had nasal polyps and she
had prior surgery for them. She was currently using
topical steroid nasal spray. She began to have difficulty
walking and she ended up seeing a neurologist for that.
And she was found on blood work to have
hypereosinophilia. 6,385 was her eosinophil count. If you
recall, we mentioned the hypereosinophilia is any
eosinophil count above 1500. So she had very high
eosinophils and this was noted by her allergist during
blood work over the prior 3 years. On physical exam, she
had areas of petechiae around her knees and elbows on
top of that.

Recognizing EGPA Common Presentations

The median age of onset is in the 4 decade, with children and

43-year old woman adolescents rarely being affected.

+ 14-year history of asthma

+ Recent symptom warsening

— Required treatment in ED
Intermittent OCS
Persistent cough

startingin the p phase and
worsaningls a common presentation (95-100%). Systemic
corticosteroidtherapy for asthma cantrol is also seen inup to.
75% of cases.

Additional history

* Nasal palyps Upper respiratory symptams are present in a majority of
Prior surgery patients (47-03%).

usingtopical steroid nasal spray

+ Neurology consult for diffi Neuralogicsymptomsmar be present in 6078 of patients

* “Hy

Physieal exam findings

+ Areas of petechiae aroundknees and elbows skin manifastations are comman duringthe vasculitic phase.

Well, let's review how this patient fits into the overall
spectrum of EGPA. Well, first of all, she's 49 and she fits
into the category of the median age of onset of EGPA
being in the fourth decade, with children and
adolescents rarely being affected. On top of that, as we
discussed, she's got a 14-year history of asthma with
increased symptom worsening. This fits into the
paradigm of adult onset asthma starting in the
prodromal phase and worsening as a common
presentation in many, many patients. And systemic
steroids therapy for asthma control is seen in up to 75%
of patients as well.

In terms of our nasal polyp surgery, upper respiratory
tract symptoms are present in the majority patients
ranging from 47% to 93% of patients. As for her difficulty
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walking and neurologic symptoms, these can be present
in 60% to 70% of patients. And the hypereosinophilia
that she's seeing may have been documented previously,
but significance wasn't realized at the time, and that can
really play a role in terms of delaying a diagnosis of EGPA.
The skin manifestations that we report here of petechiae
are common during the vasculitic phase and need to be
recognized by all clinicians.

Prevalence of Clinical Features

Asthma 91-100
Pulmonary infiltrates 65-91
Neuropathy 55-72
Ear, nose, and throat involvement 48-75
Cutaneous involvement 40-52
Cardiac involverment 27-35
Renal involvement 27
Gastrointestinalinvolverment 23-32
Central nervous system invelvement 5-9

In terms of the prevalence of different clinical features
that we've talked about, asthma occurs in over 90% of
patients. Pulmonary infiltrates occurs in over two thirds
of patients. Neuropathy occurs in over half of patients.
ENT involvement occurs in up to three quarters of
patients. Skin involvement occurs in about half of
patients. Cardiac involvement occurs in about a third of
patients. Kidney involvement occurs in about a quarter
of patients. Gl involvement occurs as well, around 30%
of patients, and central nervous system involvement
occurs in 5% to 9% of patients.

EGPA Imaging Characteristics

* Common findings: consolidation or
ground glass opacities
= Transient, bilateral, non-segmental

= No predilection for any lung segment or
zone

+ Patchy
» Small centrilobular nodules

+ Uncommon findings

« Large nodules, interlobular septal
thickening, pleural effusion

In terms of imaging, it's really important to do a good
workup radiologically when you identify patients who

could have EGPA. Common findings on chest CT can
include consolidation or ground glass opacities. And
oftentimes these manifestations will be transient,
bilateral, and nonsegmental, and there's no predilection
for any lung segment or zone. They're patchy and
associated with small central lobular nodules.
Uncommonly, there can be large nodules or interlobular
septal thickening, as well as pleural effusions. That isn't
what is observed here on this CT image, where you can
see ground glass opacities bilaterally, as well as some
small central lobular nodules that are generally patchy in
nature.

Recommended Minimum Initial Work-up

Rule out infectious disease or new drug reactions

Blood work
= CBC with differentials
= ANCA
* Tryptase
* Vitamin By;
* Peripheral blood smear {especially for dysplastic eosinophils or blasts)
* ESR, CRP, RF, ANA, and IgE may be elevated

Chest X-ray or CT

Pulmonary function testing

Blopsy may be helpful
+ Sample sites determined on case-by-case basis
* Skin, nerve, muscle commenly used; endomyocardial, renal, and gastrointestinal may be useful
* Eosinophilic vasculitis or perivascular eosinephilic infiltration

So how should we work up a patient for whom we
suspect EGPA or in any patient with eosinophilia? Well,
it's important to rule out infectious disease or any new
drug reaction. You can do that based on history or
checking stool for ova and parasites as needed. And then
the basic workup includes a CBC with differential,
antineutrophil cytoplasmic antibody, tryptase, vitamin
B12, peripheral blood smear. And then | usually check for
nonspecific inflammatory markers, including erythrocyte
sedimentation rate, C-reactive protein, rheumatoid
factor, A&A, and an IgE. All of which may be elevated. A
chest x-ray or chest CT can be very helpful in terms of
identifying pulmonary infiltrates. And then | generally do
pulmonary function testing to evaluate the degree of
airflow obstruction that's occurring. If there is something
to be biopsied, | generally will biopsy it. And the sample
sites can be determined on a case-by-case basis. Skin, the
nerve and the muscle are most commonly used.
Endomyocardial, renal and Gl biopsies can be useful in
specific symptoms and with specific patients. In general,
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eosinophilic vasculitis presents on biopsy with peri
vascular eosinophilic tissue infiltration.

Initial and Ongoing Screening Once EGPA Diagnosis
is Established

Cardiac
» Electrocardiography, transthoracic echocardiography, pro-brain natriuretic peptide, troponin |
Gastrointestinal
* Radiologic or endoscopic investigations for patients with GI symptoms
Renal
* Renal function and urinalysis (proteinuria, hematuria/casts)
As indicated
* Electromyography and nerve conduction when clinically indicated

Other workup that can be done initially or an ongoing
basis include a cardiac workup. You can do EKGs,
echocardiogram, check a BNP and troponin levels to
evaluate for myocardial ischemia and myocardial
involvement. Gl manifestations can be worked up by
doing radiologic imaging or doing endoscopic evaluations
for patients who have Gl symptoms. Renal workup
includes measurement of renal function, such as the
creatinine, and evaluation of your analysis. Lastly, when
patients have neuropathy or myopathy, one can do
electromyography and nerve conduction size when
they're clinically indicated.

ANCA is Present in Some but not all AAV Cases

* Antineutrophil Cytoplasmic Antibodies [ANCAs)
* PR3-ANCA: cytoplasmic proteinase 3
* MPO-ANCA: peri-nuclear myeloperoxidase

* Useful for diagnosis but not sensitive, specific, or prognostic

Now, antineutrophil cytoplasmic antibodies occur in
some, but not in all ANCA associated vasculitides. The 2
types of ANCA that we've talked about include PR3
antibody or cANCA, and then myeloperoxidase antibody,
or pANCA. Now these are useful for diagnosis, but
they're not sensitive, they're not specific, and they're not
prognostic. As you can see here that the vast majority of

patients with EGPA are ANCA negative. Whereas those
who are ANCA positive, the vast majority are NPO,
myeloperoxidase, pANCA positive. In GPA, it's the exact
opposite. Very few patients are ANCA negative. And the
vast majority of these patients are PR3 ANCA positive or
showing cANCA positivity. Lastly, in terms of microscopic
polyangiitis, this study demonstrated that very few
patients who are ANCA negative, only about 15% or so.
And the vast majority of patients who are ANCA positive,
who've got MPA, are MPO ANCA, or pANCA positive.

ANCA Status May Be Associated With Disease
Course and Prognosis

Maore common if ANCA-positive More common if ANCA-negative

Weight loss
Myalgias and arthralgias

Renal invalvement Cardiomyapathy

Case Series

Mononeuritis multiplexin up ta 1/5%

Newly- Cardiovascular disease

diagnosed

Faver

Biopsy-proven vasculitis

Now ANCA status can be associated with disease course
and progression as well. And it's important to recognize
that because one can follow ANCA status and treat
accordingly. Patients can also be predicted in terms of
what manifestations may be occurring based on their
ANCA positivity. So ANCA positive patients tend to have

more weight loss, myalgias, arthralgias, renal
involvement, and you'll often see biopsy findings include
vasculitis, glomerulonephritis, leukocytoclastic
capillaritis, and eosinophilic infiltration in the arterial
walls with mononeuritis multiplex and peripheral
neuropathy, renal involvement, as well as biopsy proven
vasculitis.

In ANCA negative patients, it's actually more common to
see cardiomyopathy. Mononeuritis multiplex occurs in
only about 20% of patients. Cardiovascular disease and
fevers can often be present. And many of these patients
will also have a predilection for asthma and upper airway
disease.
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Anti-asthmatic Drugs May Unmask EGPA

* Onset of EGPA has been associated with anti-asthmatic drug treatment
« Leukotriene receptor antagonists (eg, montelukast, zafirlukast)
* Anti-lgk (omalizumab)
* By improving asthma control, asthma medications may reduce the need
for systemic corticosteroids

* Reducing steroids may unmask pre-existing, subclinical EGPA

It's important to recognize that there can be unmasking
of EGPA. This is when onset of asthma is associated with
anti-asthma drug treatments. So just look to try a
receptor antagonist or anti Ig. This has been
demonstrated to occur in many patients who get
improved asthma control, is novel therapies, and then
they may reduce their systemic corticosteroids. And by
that they may get an unmasking. It hasn't been shown
that any of these asthma therapies are directly related,
but it's more of an indirect association where patients
were having worsening disease. And instead of either
getting put on corticosteroids, they got put on one of
these therapies or when they got put on one of those
therapies and happened to have been on corticosteroids
as they tapered down the corticosteroids, it results in
decreased suppression of the inflammation that's going
on and resulting in an unmasking of the preexisting
subclinical EGPA that's occurring.

Remission and Relapse

* Remission
* Absence of a clinical systemic manifestation {excluding asthma and,/or ENT)
+ Minimum predniscne dose of 7.5 mg/day {ideal but no consensus)
« ENT and asthma flares do not reflect vasculitic activity and may not be controlled by
treatment
+ Eosinophilia may still be present (no accepted definition of response)

* Relapse
* New appearance or recurrence or worsening of clinical EGPA manifestations
+ Excludes ENT and asthma flares
+ Transient and reversible asthma flares with an identifiable cause
+ Asthma or sinusitis exacerbations with or without eosinophil increase
* Eosinophilia is not a mandatory criterion for a relapse
* Organ-limited ecsinephilic activity is possible in the absence of blood eosinophilia

The 2 key outcomes that we follow in patients with EGPA
are remission and relapse. Remission is defined as the
absence of a clinical systemic manifestation, excluding
asthma or ENT manifestations, and in general is treated

and identified when patients are on 7 mg a day of
prednisone or less. The European League Against
Rheumatism uses the 7.5 mg threshold. However, other
entities have defined remission as when one can get
down to 4 mg or less of prednisone and have no
significant symptoms. Rheumatologists generally
consider that ENT and asthma flares or exacerbations
don't reflect vasculitis activity and may not be controlled
by specific treatment for the vasculitis. And eosinophilia
may still be present, but there's no accepted definition
of response at this point.

The other major outcome is relapse. And one of the goals
of therapy is to achieve remission of disease, getting
down to no symptoms and less than four to 7.5 mg of
prednisone, but also to prevent the relapses. Relapses
include new appearance or recurrence of worsening of
clinical EGPA manifestations. They generally exclude ENT
and asthma flares, but some people consider asthma and
sinus flares as a significant manifestation of these types
of patients. In general, the transient reverse for asthma
flares are associated with an identifiable cause and they
may or may not be associated with an eosinophil
increase. It's also important to recognize that eosinophils
in the blood are not a mandatory criteria for relapse. One
can have organ limited eosinophilic activity, that's
possible even in the absence of blood eosinophilia.

The Five-factor Score Can Predict Prognosis...

Score if
Risk Factors Present

Age >65 years +1

FFS Is Associated with 5-Year Mortality Risk

Presence of symptomatic cardiac +1 —
insufficiency A0
Presence of severe gastrointestinal +1
involvernent ¥
+ Bowel perforation, bleeding, and i 21%
pancreatitis E
Presence of renal insufficiency +1
+ Creatining >150 pmol/L

Absence of ear, nose, and throat +1
symptoms

How can we predict which patients will do well with
regard to their underlying disease? The five-factors score
and patients can be stratified based on these 5 factor:
age greater than 65, presence of symptomatic cardiac
insufficiency, presence of severe gastrointestinal
involvement including bowel preparation, bleeding and
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pancreatitis, presence of renal insufficiency with a
creatinine greater than 150, and the absence of ear nose
and throat manifestations. Patients who have more than
one of these manifestations have significantly worse
prognosis.

If you have 2 or more of these, your 5-year mortality goes
up to 40%. Whereas if you have none of these features,
you're less than 65, you don't have Gl, cardiac, renal
involvement, and you do have ear nose and throat
manifestations, the 5-year survival is over 90%. It's
important to evaluate what the manifestations are to
look for different manifestations in different organ
systems, so that one can give a sense to the patient of
what his or her prognosis is.

And Guide Treatment Decisions

Five-factor Score
‘ ‘ Severe alvealar hemorrhage, eye
T TR [yt
l I multiplex
1

Battar prognosis Poor prognasis

Glucocorticoid alone Glucocorticoids

* Prednisone 1 mg/kp/day for 1 month,
then tapered)

= Prednisone 1 myfig/day for 1 month, then tapsr

Immunosupprassant
= Cychonhosphamide 2 ma/kafday

+ Caveat: nc randomized controlled trials to suppert recommendaticn

The five-factor score can also be helpful in terms of
guiding treatment decisions. Patients who have a five-
factor score of zero can often be treated with
glucocorticoids alone, generally starting off with one mg
per kg per day, treating for a month and then tapering.
Patients who have a five-factor score of one or more, or
patients who have severe alveolar hemorrhage, eye
involvement, or mononeuritis multiplex generally should
be treated with induction therapy with glucocorticoids
and immunosuppressants, such as cyclophosphamide,
given intravenously. One of the issues, however, is that
no randomized controlled trials are there to support
recommendations, but this was published 5 years ago by
consensus group at the European Respiratory Society.

Glucocorticoids are the Mainstay of Treatment

* Glucocorticoids (GCS) can be used to induce remission
+ For patients with life-threatening symptoms: pulse methylprednisone 7.5-15
me/ke/day
* Patients with organ- or life-threatening symptoms should receive prednisone ~1
mg/kg/day for 2-3 weeks
+ Fallow with gradual taper (0.3 mg/kg/day after 3 months, 0.15 mg/kg/day after 6 months)

* Patients without organ- or life-threatening disease may only need GCS
* A maintenance dose <7.5 mg/day limits glucocorticoid-related side effects
= Additional immunosuppression can be considered for patients who have recurrent
disease after 3-4 months of prednisone >7.5 mg/day
+ Patients with FFS=0 treated with GCS alone had a 5-year survival of 97%, but a third
required additional immunosuppression
+ Even these patients may benefit from an immunosuppressant during maintenance

Overall, glucocorticoids are the mainstay of treatment
for patients with EGPA. Glucocorticoids can be used to
induce remission, and generally one will start off with
methylprednisolone, 7.5-15 mg per kg per kilogram per
day. And patients with organ or life-threatening
symptoms to receive prednisone one mg per kg per day
for a few weeks, all with a gradual taper. Patients with
organ or life-threatening disease may only need
glucocorticoids, and a maintenance dose less than 7.5
mg a day limits glucocorticoid related side effects, things
like cataracts, glaucoma, weight gain, osteoporosis,
hypertension amongst others. And additional
consideration may be given to giving
immunosuppressants for patient who have recurrent
disease after 3 to 4 months of prednisone, more than 7.5
mg a day. For patients who can't taper below 7.5 mg a
day, these therapies should also be considered. And
patients with a five-factor score of zero can be treated
with glucocorticoids alone, and they tend to have a
pretty good survival of up to 97%. However, as many as
a third of these patients require additional
immunosuppression in order to maintain a healthy life.

Immunosuppression is Needed for Patients with
Organ- or Life-Threatening Disease

* Patients with FFSz1 should have an immunosuppressant added to GCS
treatment to induce remission
* Cyclophosphamide (CYC)
+ Oral (2 mg/kg/day) or IV pulse (15 mg/kg for 3 infusions every 2 weeks, then 3-6
cycles of 15 mg/kg every 3 weeks)
+ Anticipate toxicity during CYC treatment

* Adjust dosing based on renal function and age (265 may have fewer side effects at
lower doses)

» Fertility is affected

* Prophylaxis for Preumocystis

« Screen for drug-induced neutropenia
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What are some of the add-on therapies that one could
consider for patients with EGPA? Well, for patients
who've got organ or life-threatening disease,
immunosuppression is critically needed and any patient
with a five-factor score of one or more should have an
immunosuppressant as glucocorticoid treatment to
induce remission. For induction of remission,
cyclophosphamide is generally the therapy that we reach
for first, and we could give either oral or IV pulse therapy,
and however one should anticipate some toxicity during
cyclophosphamide treatment, and therefore adjust
dosing based on renal function and age. Fertility can be
affected, prophylaxis for pneumocystis can occur, and
one should screen for drug induced neutropenia, which
can also occur quite commonly.

Maintain Remission in Patients with Organ- or Life-
Threatening Disease with an Immunosuppressant

* After remission induction with GCS and CYC
= Survival is >32% at 8 years without any maintenance therapy, but..,
* Relapse rates remain high (74% after 12 cycles of CYC)
» Azathioprine 2 mg/kg/day
* Mixed results, may not be effective for many patients
* Methotrexate (10-30 mg/wk) and mycophenolate mofetil have also been
considered as options

It's important not only to achieve remission by using
induction  therapies, such as steroids and
cyclophosphamide, but also work on maintaining
remission in patients with organ or life-threatening
disease. And one does that best with
immunosuppressant. So what are some of the options?
Well, after remission induction with steroids and
cyclophosphamide, one could consider azathioprine,
methotrexate, mycophenolate, and others.

Rituximab Can be Considered for ANCA-positive
Patients with Renal Involvement or Refractory

Disease
* Rituximab MOA
= Anti-CD20 B-cell depletion
+ Reduced IL-5 production from T-cells
* Based on studies with other ANCA-Associated Vasculitides

= Rituximab is as effective as CYC for induction, and can reduce CYC exposure
* Rituximab plus GCS and 2 pulses of CYC = 3 doses CYC every 2 weeks followed by 3 doses
every 3 weeks for 3-6 months of CYC followed by AZA
* Response rate, time to remission, and adverse events were similar for rituximab and CYC

+ Rituximab is superior to AZA for maintenance

+ Limited data suggest rituximab is safe and effective in EGPA
* Remission rates are higher for ANCA-positive EGPA

Rituximab is another therapy that could be considered
for ANCA positive patients with renal involvement or
refractory disease. Rituximab is an anti-CD20 B-cell
depleter that reduces IL-5 production from T-cells. And
based on studies with other ANCA associated vascular
disease, rituximab is an effective therapy and is as
effective as cyclophosphamide for induction and can
reduce cyclophosphamide exposure, which can be
associated with toxicity that we discussed above.

Rituximab plus glucocorticoids, and 2 pluses of
cyclophosphamide or three doses every two weeks
followed by 3 doses of every 3 to 6 months of
cyclophosphamide followed by azathioprine is one
strategy that's been employed and response time,
response rate, time to remission and adverse events
were similar for rituximab and cyclophosphamide. In
general, rituximab is considered to be superior to
azathioprine for maintenance. And there are limited data
suggesting that rituximab is safe and effective in EGPA,
but can be associated with worsening asthma, and
remission rates are generally higher for ANCA positive
EGPA compared to ANCA negative patients.

Mepolizumab Is Steroid-sparing and Eliminates the
Need for Conventional Immunosuppression

* Mepolizumab is an anti-IL-5 humanized monoclonal antibody
* Binds IL-5 and prevents binding to IL-5 receptors on eosinophils and basophils
* Reduces absolute eosinophil count and eosinophil maturation

* As a maintenance therapy for refractory or relapsing EGPA
+ Standard GCS £ immunosuppression and either 300 mg SC every 4 weeks vs
placebo .
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The newest therapy, and the only one that's actually
approved by the FDA for management of EGPA, is
mepolizumab. Mepolizumab has been shown to be a
steroid-sparing therapy that eliminates the need for
conventional immunosuppression. It's an anti-IL-5
humanized monoclonal antibody that binds IL-5 and
prevents binding to the IL-5 receptors on eosinophils and
basophils. It reduces absolute eosinophil count and
eosinophil maturation, and as a maintenance therapy for
refractory or relapsing EGPA, it was studied and
published in 2017 the New England Journal of Medicine,
in which 300 mg subcutaneously every 4 weeks was
administered vs placebo to patients with EGPA.

Mepolizumab Is Steroid-sparing and Eliminates the
Need for Conventional Immunosuppression

* At least 24 weeks accrued time in remission [
* Mepolizumab (28%) > Placebo (3%) .
* Achieved remission
* Mepolizumab (53%) > Placebo (19%)
* A post-hoc analysis using a target GCS dose of 7.5 i
mg/day improved remission to 79% in the %
mepelizumab group and 46% in the placebo group
* Annualized relapse rate
* Mepolizumab (1.14) < Placebo (2.27) T
» GCS dose, weeks 48-52 T
« <4 mg/day: Mepolizumab (44%) > Placebo (7%} 1
. tDisc}nntinue GCS: Mepolizumab (18%) > Placebo
3%,

* Patients with an absolute eosmoph\\count b= S
>150/mm® had the greatest benefit [

In that study, it was demonstrated that there was a
significant benefit in terms of mepolizumab vs placebo
and was able to eliminate the need for conventional
immunosuppression. Patients were able to achieve
remission at a greater rate with mepolizumab compared
to placebo, over 50% of patients were able to achieve
permission vs less than 20% of patients on placebo.
Secondly, the relapse rate was cut in half, 1.1 with
mepolizumab vs 2.2 with placebo. Glucocorticoid dosing
was reduced significantly to less than 4 mg a day with
mepolizumab. And the number of patients who
discontinue glucocorticoids was almost 19% with
mepolizumab and only 3% with placebo. Lastly, in doing
a postdoc analysis, it turns out the patients with an
absolute eosinophil count of greater than 150 didn't tend
to have the greatest benefit in terms of their efficacy in
these patients.

The Optimal Application of Mepolizumab is Not
Established

* Outcomes
* Remission
* Zerorelapses
* 50% steroid reduction

* Optimal dose and administration route
* Pilot studies used IV 750 mg monthly, andomized trial used 5C 300 mg

* Ongoing need for immunosuppression
* Patient populations

+ The low remission rate suggests that not all patients will benefit equally

+ May depend on disease features (eg, existing vasculitic damage), eosinophil count, or
duration of GCS treatment

It's important to recognize that the optimal application
of mepolizumab has yet to be established. In terms of
outcomes, the goals are to achieve remission, to get
patients to have zero relapses, and to achieve 50%
steroid reduction. In early studies, 750 mg was
administered monthly. However, in the randomized
studies that have been approved by the FDA, 300 mg
subcutaneously is what's administered now.

In some patients, there can be an ongoing need for
immunosuppression, and one of the key things that was
demonstrated, in a postdoc analysis by Steinfeld and
colleagues, is that mepolizumab resulted in not just a
50% reduction in remission, but there was a large
proportion of patients who, even if they didn't meet the
criteria for remission, either had zero relapses or 50%
steroid reduction.

Almost 80% of patients achieved one of these outcomes
with mepolizumab, if you use the threshold for remission
of getting down to 4 mg or less per day, and almost 90%
of patients had achieved at least one of these outcomes
and were able to get down to a remission based on
getting down to less than 7.5 mg a day of prednisone.
Not all patients will benefit equally. It's important to
recognize that. And it may depend on disease features,
eosinophil count, duration of glucocorticoid treatment,
and then other patient-related factors.
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Navigating Treatment Decisions

| GES Alone

EGPA Diagnosls

So how do we navigate all these complex treatment
decisions of EGPA? Well, one of the first things to do is to
evaluate whether or not the patient has any of the five-
factor score criteria. And if the patient has a five-factor
score of zero, then one could consider glucocorticoids
alone. And if someone has a five-factor score of one or
more, or has poor prognostic factors, one should add on
cyclophosphamide on top of the glucocorticoids and
consider rituximab in some patients who are ANCA
positive. Furthermore, in terms of disease maintenance,
for patients who are unable to taper glucocorticoids or
who have refractory disease, or who have frequent
relapses, one should consider alternatives, including

anti-IL-5 therapy with mepolizumab, and in some
patients azathioprine or methotrexate.

So what we've talked about today is that EGPA is a
complex syndrome. It's a vasculitis that's characterized
by asthma, eosinophilia, pulmonary infiltrates,
neuropathy, sinus disease, and vasculitis of at least one
end organ. The pathophysiology is complex, and one
needs to recognize that eosinophils are involved.
Antibodies are involved, different cells are involved,
including neutrophils and mast cells. And so the
pathophysiology is complex. One should do an extensive
workup for patients with EGPA. One needs to treat
aggressively because this disease can be life-threatening,
potentially. And for patients who can't taper steroids or
have refractory disease, one should add other
immunosuppressants or anti-IL-5 therapy.

Thank you so much for participating today. It's been
great to present this important topic to you. EGPA is a
complex syndrome characterized by a host of different
organ system involvement, and can have long-term
damage. So I'll leave you with this. It's important to
recognize, it's important to treat EGPA, it's important to
recognize and distinguish it from other eosinophilic
disorders. It's important to distinguish it from other
vascular diseases as well.
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