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Abstract

Purposeof Review The pathogenesis of eosinophilic granulomatosis with polyangiitis (eGPA) is driven largely by CD4 + type
2 helper T cells (Th2), B cells, and eosinophils. Interleukin (IL)-4 and IL-13 are critical cytokines in Th2 cell-mediated
inflammation; however, inhibition of IL-4 and IL-13 does not reduce serum eosinophil counts and has even been associated
with hypereosinophilia. This review explores the role of IL-4, IL-5, and IL-13 in Th2-mediated inflammation to consider
the potential clinical consequences of inhibiting these individual cytokines in eGPA.

Recent Findings Treatments for eosinophilic granulomatosis with polyangiitis (¢GPA) are rapidly evolving through using
biologic therapies to modulate the Th2 inflammatory response via eosinophil inhibition. While IL-4, IL-5, IL-13, and
IL-25 can all affect eosinophils, only IL-5 inhibition has demonstrated therapeutic benefit to-date. In this review, we report
a clinical vignette of a patient with adult-onset asthma who developed severe manifestations of eGPA after switching from
mepolizumab (an IL-5 inhibitor) to dupilumab (an inhibitor of IL-4 and IL-13).

Summary By understanding the role of IL-4, IL-5, and IL-13 in Th2-mediated vasculitis, we can start to understand how
eGPA might respond differently to focused cytokine inhibition.

Keywords Eosinophilic granulomatosis with polyangiitis - IL-4 - IL-5 - IL-13 - Th2 inflammatory response

Introduction

Formerly known as Churg-Strauss syndrome, eosinophilic
granulomatosis with polyangiitis (eGPA) is a systemic
autoimmune small-to-medium vessel necrotizing vasculitis
characterized by granulomatous and eosinophilic inflam-
mation in the setting of peripheral and tissue eosinophilia.
Patients with eGPA often progress through three sequen-
tial stages of disease [1]. The first stage is characterized by
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allergic symptoms: allergic rhinitis, sinusitis, and adult-onset
asthma. This is followed by the second stage of eosinophilic
organ infiltration with involvement of the lungs, heart, and
gastrointestinal system. Finally, patients enter the third, vas-
culitic stage, with palpable purpura, mononeuritis multiplex,
and constitutional symptoms.

Many patients with systemic eGPA have positive antineutro-
phil cytoplasmic antibody (ANCA) serologies, and thus eGPA
is considered an ANCA-associated vasculitis (AAV) along with
granulomatosis with polyangiitis (GPA) and microscopic poly-
angiitis (MPA). However, it is estimated that only 40-60% of
patients with eGPA are ANCA-positive [1, 2]. Patients who are
ANCA-positive may develop more of the vasculitic features
of the disease (purpura, neuropathy, pulmonary-renal syn-
drome) while ANCA-negative patients may experience more
eosinophil-driven symptoms (pulmonary infiltrates or cardio-
myopathy) [2]. Genome-wide association studies (GWAS)
suggest that ANCA-positive and ANCA-negative eGPA are
genetically distinct entities. For example, there is a strong asso-
ciation between ANCA-positive eGPA and HLA-DQ alleles,
whereas ANCA-negative eGPA is associated with variations at
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the GPA33 and IL5/IRF1 genetic loci [3¢]. In addition, cases of
ANCA-negative eGPA with extremely high eosinophil counts
often share many features with idiopathic hypereosinophilic
syndrome (HES) and are considered by some experts to be a
distinct category of “overlap HES” [4]. Taken together, eGPA
appears to be an autoimmune syndrome with distinct disease
subsets delineated by ANCA status.

The primary driver of disease in eGPA is the CD4+T
helper cell, in particular the type 2 (Th2) subtype. Th2 cells
primarily produce type 2 cytokines, specifically interleu-
kin (IL)-4, IL-5, and IL-13. These cytokines influence the
behavior of B cells, eosinophils, and mast cells, which are
all key components of the inflammatory response in tissues
affected by eGPA [5]. Recently, IL-5 has received substantial
attention as a therapeutic target in eGPA. This interest stems
from the critical roles IL-5 and the IL-5 receptor (IL-5R)
play in maintaining eosinophil survival. IL-5 inhibition with
mepolizumab has proven effective as a treatment for eGPA
[6e¢]. While dupilumab, an inhibitor of both IL-4 and IL-13,
is effective for a variety of severe allergic diseases, its utility
for eGPA is unknown and can even cause peripheral eosino-
philia in some patients [7-9]. In this article, we review the
role of IL-4, IL-5, and IL-13 in Th2-mediated inflammation
and eosinophil biology to better understand the potential
consequences of inhibiting these cytokines in eGPA.

IL-5 in the Th2 Response

IL-5 is produced by both Th2 cells and group 2 innate lym-
phoid cells (also known as ILC2 cells) and is further upregu-
lated by IL-25 [10]. IL-5 regulates nearly every aspect of an
eosinophil’s life, from priming and chemotaxis to the very
survival of the cell itself [11]. Combined with inflammatory
signaling, IL-5 will trigger extracellular trap cell death in
eosinophils, also known as EETosis [11]. This is a “pro-
inflammatory” cellular suicide, in which the eosinophils
extrude all cellular contents including at least 200 granules
of cytotoxic proteins and cytokines [11]. While the indi-
vidual eosinophil dies, its cellular contents continue to drive
inflammatory changes, which lead to tissue damage [11].
Not only is IL-5 a potent signal in eGPA pathophysiology,
it is also very selective. Its receptor is located on eosinophil
precursors, eosinophils themselves, mast cells, and baso-
phils, making it an ideal target for biologic therapies in the
treatment of eGPA [12].

The Role of Anti-IL-5 Therapies in eGPA

Three monoclonal antibodies, mepolizumab, reslizumab,
and benralizumab, work through different mechanisms to
prevent IL-5 and IL-5R from binding [13, 14]. Mepoli-
zumab is approved by the United States Food and Drug
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Administration (FDA) for use in eGPA at a dose of 300 mg
every 28 days, higher than the 100-mg dose used for severe
asthma. This dosing is based on a randomized controlled
trial in which mepolizumab or placebo was added to 136
patients’ treatment regimen for refractory or relapsing eGPA
[6ee]. The patients who received mepolizumab had more
weeks in remission and a higher proportion of patients in
remission compared to the placebo group [6ee].

Clinical trials of reslizumab and benralizumab for eGPA
are ongoing (ClinicalTrials.gov ID NCT02947945 and
NCTO04157348, respectively). These agents are not yet
approved for use in this condition. Though these treatments
are promising, it is important to note that monotherapy with
anti-IL-5 biologic agents is not recommended for active,
severe eGPA [15]. Rather, cyclophosphamide or rituximab
is favored for induction therapy in severe cases [15]. The
efficacy of these agents highlights that the pathophysiology
of eGPA involves numerous interconnected pathways.

IL-4 and IL-13 in the Th2 Response

The roles of IL-4 and IL-13 are closely linked in the Th2
response. Both are produced by multiple cells, specifically
CD4+T cells, basophils, eosinophils, mast cells, and natural
killer (NK) T cells, and ILC2 cells. Once expressed, IL-4
and IL-13 bind to multiple sites on either IL-4 receptors
(IL-4R) or IL-13 receptors (IL-13R) to activate intracellular
signaling [16ee].

IL-4 is a critical cytokine in Th2 cell-mediated responses
and drives B cell growth and B cell survival (Table 1) [17].
IL-4 binds to the IL-4Ra receptor binding chain to form
the IL-4/IL-4Ra complex. Once this primary complex is
formed, IL-4/IL-4Ra can then bind the IL-2Ryc (yc) or the
IL-13Ral receptor binding chain, forming either a type I
or type II functional IL-4/receptor complex respectively
[16ee]. The type I complex (IL-4/IL-4Ra/yc) is found in
lymphocytes and myeloid cells while the type II complex
(IL-4/IL-4Ra/IL-13Ra1) is present in myeloid cells and all
non-hematopoietic cells. Once formed, the type I and type
IT complexes induce intracellular signaling through the JAK/
STAT pathway, specifically through Janus Kinase (JAK) 1
and JAK3 [16ee]. Activation of JAK1 and JAK3 leads to
phosphorylation of the Signal Transducer and Activator of
Transcription 6 (STAT6) [15], which in turn upregulates
transcription of GATA-binding protein 3 (GATA3), major
histocompatibility complex class II (MHCII), and IgE class
switching [10, 18]. IL-4 is also a key regulator of several
mast cell functions, including upregulation of the high-
affinity receptor for IgE, or FceRI, expression [6ee, O]. By
increasing expression of FceRI, IL-4 indirectly promotes the
binding of IgE to mast cells, leading to IgE-induced degran-
ulation [6ee]. Not only does IL-4 drive key immunologic



143

Current Allergy and Asthma Reports (2022) 22:141-150

uopnonpoid urxejoo
Sunowoid ySnoIy) ewyse
o1319[Te Ut s[Iydoursoo JINIAI ue)-
sosuodsal
o1319]Te UI S[IYdouIsos 91eAnoe ue))-

Surpurq
103dadar1 gD e1A s[rydoursos
9)eATIOR UBD JBY[} SAUIOWYD
Jo uononpoid sojowoId-
uonewIwR Ul
Jo s91s 0 S[IYdourso9 JINIdAI 0}
uononpoid urxejos sojendardn-
asuodsar gy, oy
0 yoeqpady 2anisod Sunowoid
‘€11 @onpoad syiydoursog-
uoneueIdo-
SISOLHH-
YIeap [[oD-
[BAIAINS [[9D-
SIXeIoWwaYD-
Surwuig-
uowdo[eAsp pue uonouny
[rydoursos sjonuos Ajenualod

asuodsar gy L oyp
0} yoeqpady aanisod Junowoid
‘-1 @onpoud sqiydoursog-

sasuodsar o1319[[e ur

Kyanoe rydoursos 9joword ue)-

SoUD0JAD
pue ‘g3 ‘SdINVA £q parenuns
J1 ¢1-T1 @onpoxd S[[99 ISEIA-

G-I @onpoid
ued S[[9 JSBW JO $31asqnG-
O
amjewrwt jo sisoydode sejowoid-
DIA 2Injew JO SIXeJOWIYd pue
‘uorsaype ‘uonjerajijoid sejowoid-
uone[nueISop 0) Sped] [0
0) Surpuiq g3 *DJAL U0 Y99
Jo uorssaidxa sejowoid 4-T1-
UoneWWEUI SJR[NWI)S
Ioylany 0} -1 donpoid DA -

V3] pue ‘g3]
‘1031 Jo uononpoid sajowoI]-

S[190 g Suronpoid-g3] 1oy
10308] y)moI3 e se s10e A[[enua)od-
[t
10 =TI PUE QRO JO SuIpurq
191 ¢1-1 sse1dxe ued s[[a0 g-

uononpoid JAS] pue HI] sajowoIg-
uonerajrjord
PUE [BAIAINS [[90 g SUIBIUIRIA-

SuryoIms Sse[o 3] selowold-

uorssaxdxe [IDHIA save[ndaxdn-
[eAIAINS

pue y3moIs [[90 g Sejowoid-

S[[99 TUL 03 S[[9 YL
JO UOTIENIURISYIP JOYIN SIALIP

SHWIL "€1 PU® ‘G ‘p~"I 10w

sonpoid 03 S[[9d YL SAIB[NWINS-

asuodsar K1ojewrweyul ZyJ,
QALIp 0) S[[3 ZYL Aq paonpoid-

(uononpoid snoonw

PUE UOTIOBTIUOD S[OSNUI Y)OOWS

S91e[N3aT) QUIYOIAD J0JOJJO UL

se asuodsar A1ojewrwegur 7y,
QALIp 0] S[[99 YL, AQ poonpoid-

asuodsar A1ojewureyur gy,
QALIP 0] S[[9 YL, AQ paonpoid-

Suleusts 9IVIS

ySnoIy) USALIP $J09JJ9 Je[n[[o))-
S[[*3 2L

0] U], JO UOTIBIIUQIOHIP 9J0WO0I]-
asuodsar A1ojewuueyur gy,

QALIP 0] S[[9 7Y, AQ Paonpoid-

uonEwwR Ul

PaJRIPAW-ZYL, PUE S[[99 T, 0}
uonenuaIayjIp Y, dowoid usy)

YoryMm ‘g1 pue °g “p-"1 2onpoid

01 DI die[nuumns ued S[aAd] YSIH- ST1I
€1-11 @onpoid ued

2O 11 parenuns Ajarerdorddy - €111
syjuIway Jsurede

asujap ur g-f 2onpoxd g1 S-1I
+-11 2onpoid ued

ZOTI parenuuns Apareridorddy- 11

spiydoursog

(O 81190 18N

S[[e0 g

<UL

Ol

$J951e) JBN[d) SIUN0)L)

[9€—8T ‘ee9]] $19310] JR[N[[D JIAY) PUL SAULYOIAD UDYNI[INUI udamlaq sdrysuone[or Aoy | a|qeL

pringer

a's



144

Current Allergy and Asthma Reports (2022) 22:141-150

pathways, but it also stimulates its own positive feedback
promoting the differentiation of Th cells specifically Th2
cells while blocking their differentiation into other Th sub-
sets [6ee].

IL-13 is capable of binding either the IL-13Ral or
IL-13Ra2 receptor binding chains. If IL-13 binds to
IL-13Ral, the IL-13/IL-13Ral complex will then bind
IL-4Ra to form a functional complex that, similar to
IL-4, activates STAT6 signaling [16ee]. Unlike IL-4,
however, IL-13 is an effector cytokine. The down-stream
consequences of JAK/STATSs signaling through IL-13
cause prominent clinical features of the Th2 response,
such as airway smooth muscle contraction and airway
mucous production [19]. These are key components of
airway hyperresponsiveness (AHR) seen Th2-mediated
diseases such as asthma. In patients with asthma, pul-
monary expression of IL-13 has been correlated with
asthma severity [19]. Murine models also highlight the
importance IL-13 plays in AHR as IL-13-deficient (-/-)
mice do not develop AHR while IL-4-deficient (-/-) mice
still mounted AHR after sensitization and challenge with
methacholine [20].

Impact of Dupilumab on Th2-mediated
Inflammation and Eosinophil Biology

Dupilumab is a monoclonal antibody that targets the IL-4
receptor alpha chain (IL-4Ra), which is used by the cytokine
receptors for both IL-4 and IL-13 [7]. Blocking IL-4 and
IL-13 signaling decreases CCL17 and eotaxins, important
chemokines for eosinophils, in addition to IgE levels [12].
Thus, dupilumab reduces Th2-mediated inflammation and
is approved by the FDA to treat asthma, nasal polyposis, and
atopic dermatitis [21].

Despite the utility of dupilumab in multiple diseases with
prominent eosinophilia, this treatment does not decrease
serum eosinophil counts and has even been associated with
hypereosinophilia in rare cases [7-9]. Although the mecha-
nisms underlying this association between dupilumab and
elevated eosinophilia are not fully known, studies have
shown that the recruitment of eosinophils is not abolished
in IL-4- or IL-13-deficient mice [22, 23]. CD4 + T cells from
IL-4 -/- mice still produce IL-5 after in vitro stimulation
with antigen, suggesting these cytokines are not required
for eosinophilic inflammation [22, 23]. Guntur et al. also
studied the relationship between IL-4, IL-5, and IL-13 in
murine models using IL-13 -/- mice [14]. When IL-13 -/-
mice underwent IL-4 neutralization (which would in theory
simulate duplimuab’s effect), the mice developed a periph-
eral eosinophilia [14].
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Rarely, patients treated with dupilumab can develop
severe complications related to persistent eosinophilic
inflammation. In the SINUS-24 and SINUS-52 trials for
dupilumab in patients with chronic rhinosinusitis pheno-
type with nasal polyps (CRSwNP), each trial reported one
patient who developed eGPA while on dupilumab [24, 25].
Additionally, there has also been a case report of a patient
who developed eosinophilic pneumonia shortly after receiv-
ing a dupilumab injection, initially prescribed for severe
eosinophilic and allergic asthma [26]. It is not clear whether
dupilumab was directly responsible for these cases. No
direct causality between dupilumab and the development of
eGPA or other eosinophilic diseases has been established.
The degree of overlap between mild eGPA, mild asthma,
and CRSwNP is such that patients are often diagnosed with
asthma up to 9 years before receiving an eGPA diagnosis
[27]. It may be possible that the patients who were diag-
nosed with eGPA during SINUS-24 and SINUS-52 trials
may have been initially misclassified prior to the trial.

IL-4 and IL-13 clearly hold numerous important roles in
Th2-mediated diseases. Though IL-4 and IL-13 inhibition
decreases Th2-mediated inflammation, eosinophils seem to
elude this blockade’s control. Below, we present a clinical
vignette of a patient with asthma and CRSwNP polyposis
but no prior symptoms of vasculitis who developed life-
threatening features of ANCA-negative eGPA after switch-
ing from mepolizumab to dupilumab.

Clinical Vignette

A 63-year-old man presented in for management of severe
persistent asthma and nasal polyposis. Despite treatment
with beclomethasone inhaler (80 mcg 2 puffs twice daily),
albuterol (90 mcg per actuation as needed) and mepolizumab
(100 mg subcutaneously every 28 days), he was unable
to decrease his prednisone dose below 6 mg per day. He
recently suffered an asthma exacerbation on this regimen,
his first since initiating mepolizumab four years ago. Given
his active disease and presence of nasal polyposis, he was
advised to switch mepolizumab to dupilumab with a loading
dose of 400 mg followed by 200 mg subcutaneously every
15 days.

Seven months later, the patient presented to an urgent care
with 10 days of worsening sinus congestion, sinus drainage,
and a cough. He was SARS-CoV-2 negative; his physical
exam was unremarkable; and a chest X-ray did not reveal
an acute cardiopulmonary process. Lab testing showed a
WBC of 9.6 x 10°/L and an elevated eosinophil count of
0.7 % 10°/L (7.3% of his total WBC). Review of prior records
demonstrated normal eosinophil counts (0.18 x 10°/L) prior
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Table 2 Admission laboratory testing and hypereosinophilia evaluation patient results

Admission laboratory testing Patient test result Test reference range
High-sensitivity troponin (ng/L) 597 24-36
Pro-brain natriuretic peptide, N-terminal (NT-Pro-BNP) (pg/ 3885 <175
mL)
Total creatine kinase (CK) (U/L) 140 30-220
Inflammatory markers
C-reactive protein (mg/dL) 7.95 <0.6
Erythrocyte sedimentation rate (mm/h) 38 <20
Complete blood count with differential
White blood cell count (x 10°/L) 21.6 3.2-9.8
Hemoglobin (g/dL) 13.3 3.7-17.3
Hematocrit (%) 42.1 39-49
Platelet (x 10°/L) 189 150-450
Neutrophil count (x 10°/L) 7.6 2.0-8.6
Lymphocyte count (x 10°/L 1.2 0.6-4.2
Monocyte count (X 10°/L) 0.9 0-0.9
Eosinophil count (x 10°/L) 11.76 0-0.70
Basophil count (x 10°/L) 0.12 0-0.20
Urinalysis with microscopy
Protein Negative Negative
Blood 2+ Negative
Red blood cell count [per high powered field (hpf)] 21 <3
White blood cell count (per hpf) 9 <5
RBC Casts (per hpf) 0 0
Blood chemistries
BUN (mg/dL) 14 7-20
Creatinine (mg/dL) 1.1 0.6-1.3
GFR (mL/min/1.73 m?) 71 >65
AST (U/L) 42 15-41
ALT (U/L) 19 17-63
Lactate (mmol/L) 1.4 0.6-2.2
Thyroid function panel
TSH (uL/mL) 6.64 0.34-5.66
Free T4 (ng/dL) 0.66 0.52-1.21
Viral PCR
COVID-19 Negative Negative
Flu A/B Negative Negative
Hypereosinophilia evaluation Patient result
Flow cytometry Eosinophilia with normal immunophenotype (44%)

Negative for increased blasts
Negative for monoclonal B cells
No phenotypically abnormal T cell population

Chromosome analysis 46X, Y
Male karyotype. No clonal abnormality detected
Antineutrophil cytoplasmic antibodies Negative
Rheumatoid factor Negative
Antinuclear antibodies Negative
Cyclic citrullinated peptide antibodies Negative
Cryoglobulin Negative

Complement levels
C3 131 mg/dL (reference range: 81-157 mg/dL)
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Table 2 (continued)

Admission laboratory testing

Patient test result Test reference range

C4

IgE level

BCR/ABL1 PCR
JAK2 V617F

T cell receptor gene rearrangement panel
Myeloid NGS panel
FIP1L1-PDGFRA
Tryptase

Vitamin B-12

Stool cultures

Giardia antigen
Cryptosporidia antigen
HIV antibody screen

25 mg/dL (reference range: 13-39 mg/dL)

9 (reference range: 4-269 1U/mL)
Negative

Negative

Negative

Negative

Negative

7.2 ng/mL (reference range: < 11.5 ng/mL)
267 pg/mL (reference range: 123-730 pg/mL)
Negative

Negative

Negative

Negative

to initiation of mepolizumab several years ago, as well as
normal eosinophil counts after 3 years on mepolizumab
(0.05x 10°/L).

Over the next several months, the patient was treated
with multiple courses of antibiotics and prednisone tapers
for recurrent sinus and upper respiratory symptoms. In addi-
tion, his dupilumab was increased to 300-mg subcutane-
ous injections every 15 days. Despite these treatments, his
symptoms continued to recur whenever his prednisone was
tapered back to 6 mg daily.

He then developed body aches, weakness, severe fatigue,
and a feeling like “death warmed over.” He also noted a dark
rash that began on both his shins and subsequently spread
up to the thighs. He presented to an urgent care with hypo-
tension of 65/41 mmHg, heart rate of 99 beats per minute,
respiratory rate of 22 breaths per minute, oxygen saturation
of 96% on room air, and a temperature of 36.9 °C. He was
subsequently admitted to a tertiary medical center for emer-
gent evaluation.

On admission, his physical exam was remarkable for
purpura on his feet, knees, and thighs bilaterally. Lab work
revealed an elevated troponin, inflammatory markers, leu-
kocytosis with eosinophilia, and mild creatinine elevation
with pyuria (Table 2). CT chest showed clustered pulmonary
nodules in the right middle lobe and small bilateral pleu-
ral effusions (Fig. 1). An electrocardiogram showed lateral
ST segment depressions, and echocardiography revealed a
hyper-trabeculated left ventricular (LV) apex, raising con-
cern for eosinophilic myocarditis. Cardiac MRI confirmed
the presence of patchy subendocardial fibrosis of the LV
apical region, including the wall itself and cavitary trabecu-
lation in the apex, consistent with eosinophilic endomyocar-
dial fibrosis (Fig. 1). The presence of LV apical thrombi and
thrombi adherent to the trabeculations were also identified,
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as well as subendocardial scarring in multiple coronary
artery territories. This finding was concerning for coronary
embolic phenomenon from the LV thrombus, though his
ejection fraction remained normal at 66%.

The serologic workup for a secondary eosinophilia and
vasculitis was unrevealing: ANCA and cryoglobulin screen
were all negative (Table 2). Complement and IgE levels
were normal. Infectious workup with stool cultures, HIV
antibody, giardia antigen, and cryptosporidia antigen was
also negative. Peripheral blood smear was unremarkable, but
bone marrow biopsy revealed markedly increased eosino-
phils in the bone marrow (41%) without increased blasts or
significant dysplasia. Flow cytometry and chromosome anal-
ysis were normal. Oncogenic mutations such as BCR/ABL1
PCR, JAK2 V617F, T cell receptor gene rearrangement
panel, myeloid NGS panel, and FIP1L1-PDGFRA were
negative. Tryptase and vitamin B-12 levels were normal.

A skin biopsy of his lower extremity lesions dem-
onstrated a small-vessel vasculitis with an eosinophilic
infiltrate (Fig. 2). Thus, the patient was diagnosed with
ANCA-negative eosinophilic granulomatosis with poly-
angiitis (eGPA) with overlapping features of idiopathic
hypereosinophilic syndrome (HES). He was treated with
3 days of intravenous methylprednisolone 1000 mg daily,
followed by a gradual oral prednisone taper. His eosino-
phil count normalized within 24 h of beginning steroids.
Cyclophosphamide 0.75 g/m? monthly infusions were ini-
tiated during this admission, and he was transitioned to
daily azathioprine (2 mg/kg) and monthly subcutaneous
mepolizumab 300 mg for maintenance therapy without
relapse. Both this patient’s asthma and vasculitic manifes-
tations of eGPA remain in remission on his current thera-
pies of azathioprine, mepolizumab, and a gradual steroid
taper scheduled to end in early 2022.
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Cardiac MRI coronal view demonstrating patchy Cardiac MRI sagital view demonstrating cavitary LV
subendocardial fibrosis of the LV apical region. trabeculations with adherent thrombi.

CT non-contrasted chest image demonstrating scattered CT non-contrasted chest image demonsting small bilateral
nodules in the right middle lobe with bronchiectasis pleural effusions with bronchiectasis.

Fig. 1 Cardiopulmonary radiographic findings
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Fig.2 Cutaneous lesion biopsy
result

Conclusions

Despite inhibiting two major drivers of the Th2 response, IL-4
and IL-13, the patient in the vignette still developed severe
manifestations of a Th2-mediated disease. EGPA is a compli-
cated disease process involving complex interactions within
the Th2 inflammatory response. Targeting cytokines such
as IL-5 are leading to new therapies used in refractory and
relapsing disease. However, it may be possible that certain
cytokines should not be inhibited in eGPA as eosinophilia
levels can be increased with combined IL-4 and IL-13 block-
ade. For this reason, it is important to recognize cases that are
highly suspicious for eGPA as the treatments for refractory
asthma alone or in the setting of eGPA can be vastly different,
as evidenced by the clinical vignette presented in this review.
Further investigation is needed to determine whether IL-4 and
IL-13 blockade is involved in triggering eosinophil activity or
merely permits uncontrolled disease in eGPA.
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