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ABSTRACT

Background: The absence of asthma may rule out a diagnosis of eosinophilic granulomatosis
with polyangiitis (EGPA) in patients with hypereosinophilic syndrome (HES) and features of
vasculitis.

Objective: To describe eosinophilic vasculitis (EoV) as a possible manifestation of HES in
asthma-free patients.

Methods: We screened our hospital database and the literature for patients with HES who
met the following four criteria: (i) histopathologic or clinical features of EoV (biopsy-proven
vasculitis with predominant eosinophilic infiltration of the vessel wall and/or features of
vasculitis with tissue and/or blood hypereosinophilia (>1.5 G/L)), (ii) no other obvious causes
of reactive eosinophilia, organ damage, and vasculitis, (iii) the absence of antineutrophil
cytoplasmic antibodies, and (iv) the absence of current asthma.

Results: Ten of our 83 (12%) asthma-free patients with HES and 107 additional cases in the
literature met the criteria for EoV. After a critical analysis of the patients’ clinical and
laboratory characteristics and outcomes, we identified 41 cases of single-organ EoV (coronary
arteritis: n=29; temporal arteritis: n=8; cerebral vasculitis: n=4). Of the 76 remaining patients
with EoV, the most frequent manifestations (>10%) were cutaneous vasculitis (56%),
peripheral neuropathy (24%), thromboangiitis-obliterans-like disease (16%), fever (13%),
central nervous system involvement (13%), deep venous thrombosis (12%), and nonasthma
lung manifestations (12%). Blood hypereosinophilia >1.5 G/L was observed in 79% of
patients and necrotizing vasculitis was observed in 44%.

Conclusions: Our results suggest that idiopathic EoV (HES-associated vasculitis) can be
classified as an eosinophilic-rich, necrotizing, systemic form of vasculitis that affects vessels

of various sizes in asthma-free patients.
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KEY MESSAGES

1. What is already known about this topic?

In the context of eosinophilia, systemic vasculitis is mainly considered to be a hallmark of
eosinophilic granulomatosis with polyangiitis (EGPA). Numerous single cases of eosinophilic

vasculitis (EoV) have been reported in asthma-free patients.

2. What does this article add to our knowledge?

Idiopathic EoV is an eosinophil-rich, non-granulomatous necrotizing vasculitis occurring in
asthma-free ANCA-negative patients. Along with tissue infiltrates, fibrosis and/or thrombosis,
EoV should be considered as an additional manifestation of eosinophil-related organ damage

occurring in HES.

3. How does this study impact current management guidelines?

We propose some easy-to-apply criteria for idiopathic EoV, taking the differential diagnoses
into account according to the current classifications. As a HES-related vasculitis, idiopathic

EoV treatment may be copied from HES, including anti-interleukin-5 therapies.

ABBREVIATIONS LIST

AEC, absolute eosinophil count

ANCA, antineutrophil-cytoplasmic-antibody

CEREO, French National Reference Centre for HES
CHCC2012, 2012 Revised International Chapel Hill Consensus
CRP, C-reactive protein

CSs, corticosteroids

EGPA, eosinophilic granulomatosis with polyangiitis
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EoV, eosinophilic vasculitis

ESR, erythrocyte sedimentation rate

GERMOP/ERS, Groupe d'Etudes et de Recherche
Pulmonaires/European Respiratory Society

HES, hypereosinophilic syndrome

IV, intravenous

MM, mononeuritis multiplex

PAN, polyarteritis nodosa

SO-EoV, single-organ EoV

TAO, thromboangiitis obliterans

sur les

Maladies

Orphelines
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1. Introduction

Blood and tissue eosinophilia are reported in many inflammatory, allergic, infectious and
neoplastic disorders. Whatever the underlying disease, the clinical manifestations and organ
damage induced by tissue eosinophilia are heterogeneous and rarely specific. When both
clonal and the most frequent causes for reactive eosinophilia have been ruled out, the
physician should consider the diagnosis of idiopathic hypereosinophilic syndrome (HES).
HES is defined by organ damage and/or dysfunction attributable to tissue eosinophilia when
the absolute eosinophil count (AEC) is persistently over 1.5 G/L (1,2). Eosinophils’ mediators
can promote inflammation, fibrosis and thrombosis by activating and damaging endothelial
cells, as in endomyocardial fibrosis. Histology-based and animal studies providing evidence
for eosinophil-related endothelial damage in the cavities of the heart are scarce (3,4).
Moreover, few data are available as to a potential eosinophil-toxicity of peripheral vessels
(5). However, the toxic effects of eosinophils and their products on endothelial cells may lead
to similar types of vessel damage (for an extensive review, see (6))

In the context of eosinophilia, vasculitis is mainly considered to be a hallmark of eosinophilic
granulomatosis with polyangiitis (EGPA) (7-9). The latter is defined as an eosinophil-rich,
necrotizing, granulomatous vasculitis affecting small-to-medium vessels and associated with
asthma and eosinophilia (9). Although EGPA is classified as an antineutrophil-cytoplasmic-
antibody (ANCA)-associated vasculitis, only 30% of affected patients actually have ANCA:s.
After eosinophilia and granuloma, the third important characteristic of EGPA is asthma (9),
which is usually a severe, late-onset form (10). Differentiating between HES and ANCA-
negative EGPA can be challenging (11,12). A recent European Respiratory Society and
European Federation of Internal Medicine-endorsed nomenclature suggested to restrict the use
of “EGPA” to patients with eosinophilic asthma and genuine features of vasculitis (either

biopsy-proven or strong clinical surrogates e.g. palpable purpura, coronaritis, mononeuritis
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multiplex (MM)) (11,12). We recently performed a comparative study of 166 patients meeting
criteria for EGPA and/or HES and demonstrated that C-reactive protein (CRP) level was a
sound diagnostic biomarker able to accurately differentiate HES vs. EGPA (with low levels
being suggestive of HES). In the latter study, we unexpectedly evidenced that several asthma-
free and ANCA-negative HES patients had biopsy-proven eosinophilic vasculitis (EoV)
and/or clinical features of vasculitis (including cerebral vasculitis and MM (13). Hence, we
sought to determine whether EoV could be distinguished from primary vasculitis (e.g EGPA)

and be considered as an additional manifestation of HES.

2. Methods

2.1. Personal cases
We performed a retrospective, observational, single-center study at Lille University Hospital
(Lille, France), which is a member of the French National Reference Centre for HES
(CEREOQO). Details of all the cases have been published recently (13). In the present study, we

considered the subset of asthma-free patients meeting criteria for HES (1).

2.2. Systemic literature review

We searched both PubMed and EMBase databases for original articles, case reports, and
letters to the editor reporting cases of EoV published between January 1978 and December
2018 (see the selection process in this article’s Online Repository).

After considering the 2012 Revised International Chapel Hill Consensus (CHCC2012) (9), the
nomenclature for EGPA recently proposed by the Groupe d'Etudes et de Recherche sur les
Maladies Orphelines Pulmonaires/European Respiratory Society (GERMOP/ERS) taskforce
(11), and the 2011 consensus proposal on criteria and classification of eosinophilic disorders

(1), we selected patients with idiopathic EoV meeting the following criteria:
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(1) At least one of the following histopathologic or clinical features of vasculitis:
a. Any organ manifestation associated with biopsy-proven necrotizing vasculitis
and predominant eosinophilic infiltration of the vessel wall, and/or
b. Any organ manifestation associated with a biopsy demonstrating perivascular
eosinophilic infiltrates, and leukocytoclastic capillaritis and/or eosinophilic
infiltration of the vessel wall, and/or
c. Any case of blood hypereosinophilia >1.5 G/L associated with a clinical
manifestation consistent with the involvement of vasculitis, e.g. palpable
purpura, myocardial infarction caused by proven coronaritis, cerebral
vasculitis, MM, and digital necrosis.
(i1) The absence of other disorders or conditions causing eosinophil-induced organ
damage and secondary vasculitis, i.e. underlying inflammatory, infectious
(hepatitis B or C viruses, human immunodeficiency viruses, etc.), neoplastic or
drug-induced disorders (including cholesterol embolization syndrome)
(iii)  The absence of ANCA, and
(iv)  No persistent/active asthma on diagnosis, and no history of persistent unexplained
cough, dyspnea, or wheezing.
Isolated, perivascular eosinophilic infiltration, isolated microthrombi, and multiple arterial or
venous thromboses in the absence of vessel wall abnormalities were not considered to be
features of vasculitis. Features of vasculitis reported in the setting of FIP1L1-PDGFRA-
related chronic eosinophilic leukemia, CD3-CD4+ T cell-associated lymphocytic HES and
other identified causes of “reactive” (e.g. drug-induced, parasitic infection or malignancy)

eosinophilia were not collected in this study.

3. Results
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3.1. Personal case series

Our retrospective, systematic analysis of local cases of systemic eosinophilic disorders
identified 82 ANCA-negative, asthma-free patients with HES. Ten of these patients (12%)
met the criteria for EoV; the patients’ clinical and histopathologic characteristics are
summarized in Table 1.

Five of the 10 patients presented with biopsy-proven, organ-restricted EoV and slight-to-
massive tissue eosinophilia: cutaneous vasculitis with digital necrosis (patient #1), livedo
racemosa with persistent angioedema (#2), ischemic eosinophilic colitis (#3), chronic
pneumoniae (#4), and pruritic erythematous papules with eosinophilic-leukocytoclastic
vasculitis (#5). Biopsies from patients #1-4 were retrieved for analysis (Figure 1). Although
material for the detection of eosinophil granules in vasculitis areas was available for 2 patients
only (#3-4), extracellular eosinophil granules in the vessel wall were detected in both cases
(Figure E1).

In all 5 remaining cases of patients presenting with systemic EoV (MM, n=4; cerebral
vasculitis, n=1), features of vasculitis were also associated with non-vasculitic eosinophilic

manifestations, e.g. myositis, eosinophilic gastroenteritis, and erythematous papules. (Table

D).

3.2. Systematic review of the literature
EMBase and MEDLINE searches are detailed in this article’s Online Repository (Figure E2).
The selected publications reported on a total of 107 asthma-free patients meeting the criteria
for EoV (14-90).
Overall, considering all 117 identified cases of EoV (our 10 cases + 107 in the literature
review), the male/female ratio was 1.05 but varied according to the organ involved (see

below). The median [interquartile range] age was 43 [30.5;55]. An exact AEC was quoted for
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83 cases, and the AEC was reported as being normal or elevated for 4 other cases; on this
basis, an AEC >0.5 G/L was observed in 70 of the 87 cases (80%), and an AEC >1.5 G/L was
observed in 57 of the 83 cases (69%). In 70 of the 117 cases, EoV was limited to a single

organ — predominantly isolated coronary EoV (n=29) (Figure E3).

3.3. Description of personal and previously published cases of EoV as a function of the
organ involved.
3.3.1. Cutaneous EoV

Clinical findings. Forty patients displayed cutaneous EoV. Several types of lesions were

described in varying levels of detail in 35 cases. The most common features were pruritic
papular lesions or urticaria (n=24), purpuric papules or infiltrated purpura (n=10),
angioedema or localized swelling (n=9), digital necrosis (n=5, with a thromboangiitis
obliterans (TAO)-like disease in 4 cases), pruritic erythema (n=4), erythematous nodular
lesions (n=4), skin ulcers (n=3), and alopecia (n=1). Only one case of livedo racemosa,
associated with persistent angioedema on the face and neck, was reported (personal
observation #2). The skin lesions were located variously on the hands & fingers (n=21 cases),
arms (n=15), legs (n=28), feet (n=16), trunk (n=12), buttocks (n=4) and face or neck (n=9).

Histopathological findings. In addition to eosinophil infiltrates in the vessel wall, the main

associated characteristics were perivascular eosinophil infiltrates in all 40 cases, and
necrotizing vasculitis in 23 cases (57.5%). We noted reports of fibrinoid necrosis in 14 cases

(35%), leukocytoclasis in 9 (22.5%), and granulomatosis lesions in two (5%).

3.3.2. Coronary arteritis and myocarditis

Clinical findings. Heart involvement was reported in 36 cases, restricted to coronary arteries

in 35 cases. We also noted acute myocarditis without coronary involvement in a patient with
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systemic EoV (with MM, cerebral inflammatory lesions, and chronic rhinosinusitis with
polyps) (case #6). . Thirty-one (89%) patients died, and 26 of them (74%) died in a context of
sudden cardiac arrest. Previous chest pain was reported in 20 of the 31 cases (57%).

Radiological and histopathological findings. Some cases had one or more macroscopic

arterial lesions, such as dissection in 20 cases (with no atheroma or features of Marfan’s
disease) (14,22,29,33,39,43,51,62,71,72), coronary aneurysm in 5 cases (of which 4 had
systemic disease) (36,47,61,64,74), and/or intimal fibrosis with luminal obstruction in 6 cases
(20,66,74,76). Coronary spasm was confirmed by coronary angiography in 1 case (76). Aortic
aneurysm was observed in two cases in which vasculitis and/or eosinophilic infiltrates in the
aortic wall were also reported (36,64), and one case featured aneurysmal carotid arteries with
vessel wall thrombi (47). According to the available autopsy data (n=29), predominantly
eosinophilic infiltrates were found in the adventitia and/or periadventia in 23 cases, in the
media in 5, in the intima in 2, and at unspecified sites in 2. Giant cells (n=3) and granuloma
(n=2) were rarely observed. Myocarditis (defined as extensive eosinophilic infiltration of the
myocardium) was associated with coronaritis in 2 cases (40,74), and extensive periadvential
eosinophilic infiltration of the adjacent myocardium was observed in one case (39). Focal or
widespread myocardial fibrosis was also reported in 7 cases (20,51,72,74,76), and a

subendocardial distribution was indicated in 3 of these (76).

3.3.3. Peripheral nervous system

Clinical findings. Eighteen patients had peripheral nervous system involvement. A large

majority of cases featured MM (n=15), 2 with distal symmetric polyneuropathy, and one with
undefined neuropathy.

Histopathological findings. Biopsy-proven EoV was observed in the skin (n=11), muscle

(n=1) and gallbladder (n=1).
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3.3.4. Temporal arteritis

Clinical findings. Thirteen cases presented temporal arteritis. The reported symptoms were

headaches and/or painful temporal swelling (n=5) (16,19,26,63,87), transient loss of vision
(n=2) (19,26), pain-free temporal swelling (n=2) (18,25,27,45,59), and scalp tenderness and
jaw claudication (n=2) (31,89).

Histopathological findings. Giant cells were observed in two patients (aged 23 and 30,

respectively), (18,25), and granuloma was observed in another case (45). Only 2 of the 13
patients had an elevated erythrocyte sedimentation rate (ESR), although a histopathologic
examination did not show any features of giant cell arteritis (31,89). The main types of arterial
damage were mild-to-severe, occlusive intimal fibrosis and thickening (n= 10) (16,18,19,25—
27,45,59,63), aneurysms (n=2) (26,87), and pseudoaneurysms (n=1) (18). Focal thromboses
were also reported (n=6) (16,18,19,26,63,87). In histopathologic descriptions, predominantly
eosinophilic infiltrates were located in the media (n=1) (25), the intima (n=1), (45) in all 3
layers (n=5) (16,18,27,63,87), or at unspecified sites (n=6) (19,26,31,59,89). Perivascular

eosinophils were reported in 3 cases (18,26,59).

3.3.5. TAO-like disease

Clinical findings. Twelve cases of TAO-like disease were identified. The typical diagnostic

features of TAO were Raynaud’s phenomenon (n=9) (16,27,28,30,34,42,65,87), absent and/or
diminished  distal  pulses (n=3) (27,28,42), and digital necrosis (n=10)
(16,27,28,30,34,42,48,77,87). Six patients were described as heavy smokers (16,27,30,34,42,48).

Radiological and histological findings. When reported, the angiography, Doppler ultrasound

or other imaging results always suggested the presence of TAO, with various obstructions

and/or  widespread alterations in blood flow in distal arteries (n=11)
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(16,28,30,34,42,44,48,65,77,87). In two cases, an arterial biopsy confirmed the presence of EoV
(16,30). In 7 cases, a biopsy confirmed the presence of EoV at another site, including the skin

(n=4) (27,34,48,65), the superficial temporal artery (n=3) (16,27,87) and muscle (n=1) (48).

3.3.6. Central nervous system

Clinical findings. Eight cases of cerebral vasculitis were identified. In one case, EoV also

involved the spinal cord (81).

Radiological and histological findings. Overall, the radiologic findings included an irregular

enhancement of the brain parenchyma (27), infarction due to arterial dissection (69) and
intracerebral hemorrhage on a computerized tomography scan (32,52), multiple arterial
narrowing on angiography (52), ischemic lesions in multiple brain areas (case #6), T2/FLAIR
hyperintense lesions with gadolinium enhancement on T1-weighted magnetic resonance
imaging MRI-(32,56,70,81). In the four cases of isolated cerebral vasculitis, the blood AEC
was normal; eosinophilia in the cerebrospinal fluid was found in only one case (32), and the

diagnosis required a brain biopsy in all cases.

3.3.7. Deep venous thrombosis

Clinical findings. Nine patients with EoV developed deep vein thrombosis (DVT). It

variously affected the hepatic veins (n=4) (23,80,82), portal vein (n=4) (58,80,90), lower limbs
(n=4) (46,77,80), upper limbs (77), renal veins (46) and pulmonary arteries (n=3) (46,58,77).

Histopathological findings. Biopsy-proven EoV was observed in the venous wall in two cases

(55,80) and at other sites in all other cases.

3.3.8. Lung and ENT involvement
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Clinical findings. As defined in our inclusion criteria, none of the patients had current asthma.

Only one patient of our series (personal case #2) and one patient identified in the literature
review had a history of childhood asthma (48). Only 7 patients had a history of chronic
sinusitis and/or allergic rhinitis (16,24,58,78,79,83) (case #6). None of the patients in this series
was reported as having developed asthma after the diagnosis of EoV. Nine patients had lung
involvement. Cough and/or dyspnea were reported in 7 patients and were associated with
hemoptysis in 2 cases.

Radiological and histopathological findings. lung infiltrates (n=6) (21,38,58,67,88,90)

associated with pleural effusion (n=1) (21) or nodular cavitary lung lesions (n=1) were
reported (17). In a context of blood eosinophilia (AECs ranging from 1 to 20.3 G/L),
bronchoalveolar fluid analysis was never performed to confirm alveolar eosinophilia.
However, a transbronchial lung biopsy detected EoV in one case (21), and EoV in the lung
was diagnosed in an autopsy study after a sudden cardiac death (40). Furthermore, biopsy-
proven EoV was found at other sites in all 7 cases (notably cutaneous EoV in 6 cases). Lastly,
two cases of isolated lung involvement and biopsy-proven lung EoV were reported: a case of
congenital interstitial lung disease with chylothorax (38), and one of our patients with fixed

lung infiltrates (personal case #2).

3.3.9. Other cases with biopsy-proven vasculitis or clinical manifestations suggestive

of vasculitis
Three patients developed manifestations of ocular disease encountered in systemic vasculitis:
retinal vasculitis (n=1) (84), scleritis (n=1) (24), and episcleritis (n=1) (21). Another patient
had an occluded central retinal artery, as a manifestation of vasculitis or an embolism (from
an aneurysm of the aortic sinus) (36). One patient developed isolated ischemic EoV of the

digestive tract (personal case #3).
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In 6 cases with systemic disease, unexpected histological features of EoV were found in
organs that are not typical sites for vasculitic lesions, such as the gallbladder (n=2) (83,84),
urethra (n=1) (24), fascia (58), and thymus (17). Unexpected findings were also found in
cases of EoV limited to one organ, with one case of EoV associated with prostatitis (15), and
one case of eosinophilic fasciitis (86). Lastly, fever and arthralgia/arthritis were reported in 10

and 5 cases, respectively.

3.3.10. Other non-vasculitic manifestations associated with EoV
Fifteen patients developed other typical clinical manifestations of HES, such as skin lesions
(variously described as reddish plaques, erythema, swelling, erythematous papules,
subcutaneous nodules, skin rashes, etc.) (48,69,83,84) (personal cases #9 and 10), eosinophilic
fasciitis (52,69), arterial thrombosis (in the brain or the digestive tract) (34,46), liver nodules
and/or dysfunction (35,57), spleen enlargement and/or infiltration by eosinophils (23,69,74),
eosinophilic colitis (83) (case #9), eosinophilic meningoencephalitis (case #7), inflammatory
white matter lesions (case #8), and eosinophilic myositis (personal case #8). Biopsies were
collected in the great majority of these cases but no features of EoV were found. Lymph node
enlargement were also described in 7 cases but two of the latter had necrotizing EoV in lymph
nodes adjacent to areas of cutaneous or venous EoV (55,89). Lastly, two cases of renal
involvement were reported: a biopsy was not performed in the first case (despite the presence
persistent proteinuria and hematuria), and membranous glomerulonephritis (with no

eosinophilic infiltrates) was diagnosed in the second case (21,27).

3.4. Treatments
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First-line treatments and short-term outcomes were reported for 40 cases of organ-restricted
EoV. In the 13 cases of skin-restricted EoV, corticosteroids (CSs; oral: n=9; topical: n=3;
intravenous (IV): n=1) were effective in all cases (Table E1).

Interestingly, 5 of the 6 cases of isolated temporal artery EoV did not relapse after surgical
excision and did not require treatment with CSs (CSs were given in one case, and no
information was available for the remaining case).

In the 19 other cases of organ-restricted EoV (cerebral vasculitis: n=4; MM: n=4; TAO-like
disease: n=4; pulmonary EoV: n=2; portohepatic DVT, prostatitis, fasciitis, ischemic colitis,
and coronaritis: n=1 each), partial or complete remission was obtained with CSs alone in 13
cases, with CSs and another treatment (cyclophosphamide, imatinib or plasma exchange) in 4,
and spontaneously in a case of isolated MM.

First-line treatments and short-term outcomes were reported for 42 cases of systemic EoV:
patients were variously treated with oral CSs (n=25), IV CSs and then oral CSs (n=7), topical
CSs alone (n=2) or oral CSs in combination with immunosuppressants in 5 cases
(cyclophosphamide: n=4; cyclosporine: n=1).

Medium-to-long term outcomes were reported in 62 of the 82 patients with either organ-
restricted or systemic EoV that had received at least one course of treatment. The length of
follow-up was hardly ever reported. One case (2%) had complete, spontaneous remission, 24
(39%) patients had complete remission and did not relapse during discontinuation, 16 (26%)
were treated with low-dose maintenance CSs alone, and 19 (31%) were treated with a
combination of a CSs and another treatment (with various levels of effectiveness; Table E1).
Interestingly, mepolizumab was efficient in all 3 treated patients that previously required
high-dose CSs and/or had failed to second-line immunosuppressants like cyclophosphamide
(n=1) or azathioprine (n=1). Only two deaths (3%) were reported: one in the context of

progressive disease and an infectious adverse event, and one death of unknown cause (n=1).
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4. Discussion

Here, we report on the largest case series (n=10) and a comprehensive literature review of
patients with idiopathic EoV (n=107) after exclusion of EGPA, systemic vasculitides and all
other conditions associated with either reactive or clonal eosinophilia. We suggest a number
of easy-to-apply criteria for the differential diagnosis with other vasculitides, and advocate
that EoV (HES-associated vasculitis) should be considered both as an additional HES-
defining feature as well as an additional cause of secondary variable-vessel size vasculitis
(especially in the context of non-granulomatous features and mild systemic inflammation).
Firstly, we reported on 10 personal cases of EoV associated with unexplained
hypereosinophilia. We retrospectively made this diagnosis in two situations: a histopathologic
demonstration of an eosinophilic vasculitic process in at least one damaged organ, or (if a
histopathologic analysis was unavailable) a clinical manifestation consistent with an
eosinophilic vasculitic process. In the four available biopsies, we observed slight-to-massive
tissue infiltration of eosinophils (which is consistent with HES) and eosinophil infiltrates in
the arterial wall (which is consistent with a vasculitis process).

Secondly, we decided to perform a systematic review of the literature and then consider
whether EoV could be considered as an entity in its own right. To do so, we used positive
diagnostic criteria (for EoV and HES) and negative diagnostic criteria (to rule out all reactive
etiologies of eosinophilia, and all other types of vasculitis). The main differential diagnoses
that should be considered in the setting of vasculitis with blood and/or tissue eosinophilia are
detailed in Figure 2. Considering that EoV was diagnosed in the absence of asthma in ANCA-
negative HES patients, the CHCC2012 criteria for a diagnosis of EGPA were not met. If we
consider our patients in whom blood eosinophilia and extravascular eosinophils were nearly

constant features, and the other 1990 American College of Rheumatology (ACR) criteria for
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EGPA (neuropathy, pulmonary infiltrates and paranasal sinus abnormalities), 8 patients met
the 1990 ACR criteria (21,28,67,79,83,88,90)(case #6). Given that granuloma was only
reported in three cases of EoV with a systemic presentation, we argue that EoV is mostly a
non-granulomatous vasculitis (in contrast to EGPA), and that these asthma-free patients
meeting 4 other 1990 ACR criteria might represent exceptions to the CHCC2012 diagnostic
classification of EGPA. However, it is also noteworthy that neither alveolar hemorrhage nor
necrotizing glomerulonephritis were reported. The differential diagnosis of EoV included
other types of vasculitis like microscopic polyangiitis, granulomatosis with polyangiitis,
polyarteritis nodosa (PAN), giant cell arteritis, Takayasu’s arteritis, and Kawasaki’s disease:
these conditions are not associated with high blood and/or tissue eosinophilia, and may
present with a high ESR and a high CRP level (91). Conversely, as previously reported, HES
(and subsequently EoV) seems to be characterized by a normal or slightly elevated CRP level.
In this line, a CRP level below 36 mg/LL was evidenced in 26 of the 31 (84%) documented
EoV patients, which is suggestive of HES rather than EGPA (13). One can also consider a
differential diagnosis with PAN: since (i) none of our patients had gastrointestinal or kidney
microaneurysms or arterial hypertension, (ii) the elevations in the ESR and the serum CRP
levels were smaller those typically seen in PAN, and (iii) blood or tissue eosinophilia was not
a hallmark of PAN in the largest yet published series, we consider that a differential diagnosis
can be based on these discriminant criteria (92-94). Last, since this comprehensive review
excluded all cases of vasculitis associated with conditions that might have contributed to
secondary eosinophilia and/or organ damage, we postulate that “idiopathic” EoV be a distinct
entity that should be added to updated nomenclatures of vasculitis (9,95) rather than merely
being described as a pattern of injury (96).

The fact that 12% of our ANCA-negative, asthma-free patients with HES had EoV, and that

numerous patients also had non-vasculitic features of HES (e.g eosinophilic myositis, lung
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infiltrates, eosinophilic fasciitis, colitis, ..), prompts us to think that EoV might be a

significant feature of HES. Indeed, in HES classifications, EoV was previously classified as a

dermatologic disease accompanied by eosinophilia, but 67.5% of our cases had
extracutaneous manifestations (n=27/40) (1). Interestingly, pruritic lesions (including those
with biopsy-proven EoV) were reported in more than two thirds of cases and may be a
hallmark of EoV because pruritus is rarely observed in other types of systemic vasculitis.

In the classical view of eosinophil-induced organ damage in HES, tissue infiltrates are often
accompanied by tissue fibrosis, thrombosis and/or the extracellular deposition of eosinophil-
derived proteins (97). Strikingly, all of these features were observed in damaged vessels of
EoV patients: predominant eosinophilic infiltration of the vessel wall were seen in all
available cases (according to our suggested definition of biopsy-proven EoV), some severe
occlusive intimal fibrous thickenings were associated with eosinophilic infiltrates (mainly in
temporal arteritis and coronary arteritis), focal arterial and/or venous thrombosis were found
in 19 of the 64 cases (30%), and finally, the detection of extracellular eosinophilic granules
were reported in 8 cases (23,37,53,80)(cases #3-4, Figure E1). Persistently activated
eosinophils can damage endothelial cells by releasing cytotoxic eosinophil-derived cationic
proteins and reactive oxygen species, and by activating local coagulation and inducing the
formation of vessel wall thrombi (6,98). Eosinophil granule proteins may be deposited in
tissues in the absence of detectable intact eosinophils, as in other tissues or diseases like
eosinophilic esophagitis (99). The direct toxicity of activated eosinophils and extracellular
granules may be responsible of vascular wall necrosis in small-to-medium sized vessels, and
the occurrence of dissected arteries and aneurysms in medium-to-large sized vessels (Figure
3A). Given that eosinophils are able to impair vessel wall integrity through the same
mechanisms as in tissue damage in HES, we suggest that EoV may correspond to HES-

induced secondary vasculitis.
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According to the CHCC2012, single-organ vasculitis should be considered when vasculitis in
a single organ has no features that indicate that it is a limited expression of a systemic
vasculitis. Our work suggests that EoV restricted to the cerebral (n=4), coronary (n=29) and
temporal arteries (n=8) could also be considered as single-organ EoV (SO-EoV) for several
reasons: (i) the AEC is often normal (as in cerebral artery EoV and temporal artery EoV), (ii)
the outcome can be favorable in the absence of treatment or after surgical excision (as in
temporal artery EoV), (iii) because it is rarely encountered in the setting of systemic disease
(as in coronary artery and temporal artery EoV) and/or (iv) isolated EoV is diagnosed
postmortem in a large majority of cases (as in coronary EoV). From this standpoint, we
suggest that that the term “eosinophilic vasculitis” can be used for all situations other than the
SO-EoV defined above (i.e. isolated temporal, cerebral and coronary EoV) (Figure 3B).

After pooling the remaining 76 cases of EoV, we analyzed the frequency of clinical
manifestations, detailed in Figure 4. An AEC >0.5 or >1.5G/L was present in 64 of 72 (89%)
and 54 out of 68 cases (79%), respectively. Necrotizing vasculitis was found in 28 out of 64
cases (44%). In view of the histopathologic and/or imaging features and the CHCC2012
nomenclature, we consider that EoV involved small vessels in 63 cases (83%) (e.g. the skin,
MM, gallbladder, etc.), medium-sized vessels in 17 cases (22%) (e.g. mesenteric veins, and
digital, cerebral or coronary arteries, etc.) and/or large vessels in 17 cases (22%) (e.g. tibial,
ulnar, and carotid arteries, the aorta, etc.) (Figure 3B). Even though small vessels were
predominantly involved, we suggest that EoV may be considered as a variable vessel
vasculitis (such as Behcet’s disease and Cogan’s syndrome in CHCC2012).

The last main reason for considering EoV as a manifestation of HES is the clinical
management of this condition. Indeed, most of the cases of EoV were successfully treated
with CSs alone - and even with topical CSs alone in some instances. Our literature review was

limited by the retrospectively collected data reported by the investigators. However, EoV may
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have a good overall prognosis. Indeed, around 40% of patients did not relapse after tapering
of the first-line treatment), 26% required low-dose maintenance treatment with CSs, and (if
we exclude post-mortem diagnoses of coronary EoV) only two deaths were reported
(including one in an uncontrolled disease). The high CSs response rate (close to 100%) and
the different disease courses (single-flare, recurrent flares, and/or chronic disease) are once
again suggestive of HES (100); hence, mepolizumab (or benralizumab) might be good CSs-
sparing treatments.

In conclusion, and even though our literature review was limited by the variable amounts of
data reported by the investigators, we suggest some easy-to-apply criteria and definitions for
EoV (Figure 5). We advocate that EoV (HES-associated vasculitis) should be considered both
as an additional HES-defining feature as well as an additional cause of secondary variable-
vessel size vasculitis (especially in the context of non-granulomatous features and mild
systemic inflammation). Moreover, anti-interleukin-5 agents (which are highly effective in
both HES and EGPA (101-103)) may be a sound therapeutic approach in patients requiring
steroid-sparing agents. Further studies and discussion will be needed to determine whether
asthma status is the best criterion for characterizing the EoV spectrum in ANCA-negative

patients.
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TABLE I. Clinical and histopathologic characteristics of vasculitis in 10 ANCA-negative, asthma-free patients with HES

Patients 1;%;2/ Symptoms of vasculitis Main histopathologic findings
#1 P B pepils v il nesmass Sklp (prqugp): massive 1nf11trat10r} of eosmophﬂs, necrotizing vasculitis with
eosinophils in the vessel wall, fibrinoid necrosis
# 45M  Livedo racemosa, persistent angioedema Skin: massive 1nf11tr{1t10n of eosmophlls, eosinophilic vasculitis with eosinophils in
the vessel wall, arteriolar thrombosis
s 46/F  Tschemic colitis Colon .(r'ese(':ted ne'crotlc. segment): massive 1nf11trgt10n of epsmophﬂs, eosinophilic
vasculitis with eosinophils in the vessel wall, multiple arteriolar thromboses
44 51/M Chronic eosinophilic pneumonia Lung: massive 1nf11tr'at10n of eosmqphlls, eosinophilic vasculitis with eosinophils in
the vessel wall, arteriolar thrombosis
#5 43/F  Erythematous papules, recurrent urticaria, arthralgia Skin (papules): leukocytoclastic vasculitis and perivascular infiltrates of eosinophils
Mononeuritis multiplex, acute myocarditis and
#6 43/F  pericarditis, inflammatory cerebral white matter lesions, not available
chronic rhinosinusitis with nasal polyposis
#7 67/M Cerebral vasculitis, distal symmetric polyneuropathy not available
43 72/F Mononeuritis multiplex, myositis, meningoencephalitis Muscle: e031r}0ph1110 1nf11.trates .Wlth no vasculitis. Cerebrospinal fluid:
hypercellularity, 25% eosinophils
#9 56/M Mo.noneu.r%tls el lex,. gythematous RS, Skin and digestive tract: eosinophilic infiltrates with no vasculitis
eosinophilic gastroenteritis
410 72/M  Mononeuritis multiplex, erythematous papules Skin: dermal eosinophilic infiltrates with no vasculitis, flame figures (Well's

syndrome)

Age: age at diagnosis; ANCA, antineutrophil cytoplasmic antibody; F, female; M, male; HE, hypereosinophilia.



FIG 1. Representative histopathologic features of vasculitis in ANCA-negative, asthma-
free patients with HES.

Left panel: patients #1 to 4 respectively developed prurigo (and digital necrosis, not shown),
chronic eosinophilic pneumonia, ischemic colitis (arrow), and livedo racemosa.

Middle/right panels: hematoxylin-eosin staining revealed slight- (#4) to-massive (#1,2,3)
perivascular eosinophilic infiltrates, eosinophils in the arterial wall (black arrows), fibrinoid
necrosis with red cell extravasation (white arrows), arteriolar thrombosis (red arrows), and
endothelial damage (blue arrows) (see Table I for details).

ANCA: anti-neutrophilic cytoplasmic autoantibody; HES: hypereosinophilic syndrome

FIG 2. Suggested diagnostic algorithm in case of vasculitis associated with blood and/or
tissue hypereosinophilia.

AAV, ANCA-associated vasculitis; ACPAs, Anti-citrullinated protein antibodies; ANCA,
anti-neutrophilic cytoplasmic autoantibody; CEREO, Centre de Référence National des
Syndromes Hyperéosinophiliques; CT-scan, computerized tomography scan; EGPA, EoV,
eosinophilic vasculitis; HES, hypereosinophilic syndrome; HBV/HCV, hepatitis B/C virus;
HIV, human immunodeficiency virus; Ig, immunoglobulins; MRA, magnetic resonance
angiography

FIG 3. Main histopathological features according to the vessel size and classification of
EoVs according to their extent (B), adapted from [9]

EoV, eosinophilic vasculitis; HES, hypereosinophilic syndrome

FIG 4. Clinical manifestations in EoV patients (n=76).

ENT: ear, nose and throat; HMG: hepatomegaly; LN: lymph node; NS: nervous system;
SMG: splenomegaly; TAO-like disease: thromboangiitis-obliterans-like disease; SMG:
splenomegaly

FIG 5. CEREO’s suggested definition for idiopathic EoV (HES-associated vasculitis)

ANCA: anti-neutrophilic cytoplasmic autoantibody; CEREO: Centre de Référence National
des Syndromes Hyperéosinophiliques; EoV: eosinophilic vasculitis; HES: hypereosinophilic
syndrome.






Hypereosinophilia and vasculitis

!

Active asthma
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No asthma
(confirmed by spirometry)

|

ANCAs, ACPAs, Cryoglobulinemia

Deposits of Ig and/or complement

Infiltrates with 1gG4+ plasma cells
Glomerulonepbhritis, alveolar hemorrhage
Gastrointestinal and/or kidney microaneurysms

Consider AAV, immune complexe
vasculitis, infectious vasculitis,
— Presence — HBV/HCV-associated polyarteritis
nodosa, IgG4-related disease,

o rheumatoid arthritis

HIV, HCV, HBV, syphilis

I

Absence

¥
Testing for FIP1L1-PDGFRA fusion gene
T-cell immunophenotyping Consider  chronic  eosinophilic
Drug-induced eosinophilia — Presence —» leukemia, lymphocytic variant HES
Neoplasia-associated eosinophilia and/or reactive vasculitis

Other inflammatory condition

Absence

{

CEREO'’s suggested criteria fulfilled: confirm idiopathic EoV diagnosis and assess disease progression
Complete peripheral vascular examination (+/- doppler and chest CT-scan)

Biopsy of damaged organs if possible

Imaging: aorta and its branches, brain MRA, coronary calcium scan



Main histopathological features in EoV are inflammatory eosinophilic infiltrates in
vessel walls, and variously, extracellular eosinophilic granules deposition, necrosis, focal
thrombosis, and perivascular eosinophils (1). In medium-to-large vessels, aneurysms (2),
dissection (3), and/or occlusive intimal fibrosis (4) can also be observed.

Idiopathic EoV (or idiopathic HES-associated vasculitis) (n=76)
Involved vessels can be small -(83%), medium- (22%) and/or large-sized (22%) (variable

vessel vasculitis)

Single-organ EoV (n=41)
Isolated coronary (n=29), temporal (n=8), cerebral EoV (n=4)
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All four of the following criteria must be met:
1. Atleast one of the following histopathologic or clinical features of vasculitis

a. Any organ manifestation associated with biopsy-proven necrotizing vasculitis and predominant eosinophilic
infiltration in the vessel wall (and/or marked deposition of eosinophil granule proteins), and/or

b. Any organ manifestation associated with biopsy-proven perivascular eosinophilic infiltrates, and
leukocytoclastic capillaritis, and/or eosinophilic infiltration in the vessel wall (and/or marked deposition of
eosinophil granule proteins), and/or

c. Any case of blood hypereosinophilia >1.5 G/L associated with a clinical manifestation consistent with the
involvement of vasculitis, such as palpable purpura, myocardial infarction caused by proven coronaritis,
cerebral vasculitis, mononeuritis simplex, digital necrosis, etc...

2. The absence of other disorders or conditions causing eosinophil-induced organ damage and secondary
vasculitis (i.e underlying inflammatory, infectious, neoplastic or drug-induced disorders)

The absence of ANCAs

4. No persistent/active asthma on diagnosis (and no history of persistent unexplained cough, dyspnea,
wheezing, etc..).

Coronary arteritis, temporal arteritis and cerebral arteritis may be considered as idiopathic single-organ EoV
when there is no other organ involvement (e.g. coronary EoV, temporal EoV, etc..). The term EoV may be suitable
for all other situations, even when the disease appears to be restricted to a single organ or vascular territory.





