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a b s t r a c t

Eosinophilic pneumonia (EP) is a rare disorder, comprising several heterogeneous diseases. Two major
types of EP are acute eosinophilic pneumonia (AEP) and chronic eosinophilic pneumonia (CEP), both of
which are characterized by marked accumulation of eosinophils in lung tissues and/or BAL fluid. AEP and
CEP share some similarities in terms of pathophysiology, radiological findings, and treatment response to
corticosteroids. However, they distinctly differ in etiology, clinical manifestations, and the nature of
disease course. Especially, although AEP and CEP respond well to corticosteroids, relapse frequently
occurs in patients with CEP, but rarely in those with AEP. Although CEP occasionally persists and becomes
corticosteroid dependent, most patients with AEP completely recover. This article reviews previous
studies and discusses the etiology, clinical manifestations, and treatment of AEP and CEP.
Copyright © 2019, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Eosinophilic lung disease comprises a rare group of heteroge-
neous diffuse parenchymal lung diseases, which are characterized
by marked accumulations of infiltrating eosinophils in the alveolar
space and the interstitium. These pathological conditions have
been classified as primary or secondary disorders depending on the
absence or presence of a known underlying cause.1,2 Primary
eosinophilic lung disease is further divided into systematic and
lung limited diseases. Eosinophilic granulomatosis with poly-
angiitis (EGPA) and hyper-eosinophilic syndrome belong to the
former category. Whereas, acute eosinophilic pneumonia (AEP),
chronic eosinophilic pneumonia (CEP), and Loeffler syndrome are
classified into the latter category. In this review, we focus on AEP
and CEP and describe recent advances, according to our under-
standing, of these two eosinophilic lung diseases.

CEP was first described by Carrington et al. in 1969 as an idio-
pathic pulmonary disorder characterized by abnormal infiltrations
of eosinophils in the lungs,3 and AEP was originally reported as a
cause of respiratory failure in 1989 by Allen et al.4 Both CEP and AEP
share some pathophysiological features, such as significant eosin-
ophil infiltrations in the pulmonary parenchyma and prompt
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response to corticosteroid treatment. However, CEP is clinically
distinct from AEP in terms of etiology, disease onset, and the nature
of the disease course. In this review, we summarize the clinical
manifestations and diagnosis of AEP and CEP and also discuss their
treatment and management.
Acute eosinophilic pneumonia (AEP)

Epidemiology and etiology of AEP

AEP was first described by four case series of an idiopathic
disease characterized by febrile illness, diffuse pulmonary in-
filtrates, and pulmonary eosinophilia.4 Interestingly, the following
several studies highlighted a possible association between AEP
onset and changes in smoking habits, such as newly starting
smoking or alterations in an existing smoking habit (including
restarting smoking and increasing the number of cigarettes
smoked), suggesting that changes in smoking habits can something
cause AEP.5e11 Importantly, even short-term exposure to passive
smoking can cause AEP.12

Because AEP is a rare lung disease, its epidemiology remains
understudied. One epidemiologic study identified 18 patients with
AEP among 183,000 US military personnel deployed in or near Iraq,
an estimated 9.1 cases/100,000 person years with this condition.6

To date, there have been several cohort studies of AEP, which are
summarized in Table 1.5e10 Most patients with AEP are at approx-
imately 20 years of age, with a male sex predominance at 60e100%.
Moreover, most patients with AEP are current smokers. A history of
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Table 1
Clinical characteristics of AEP.

Philit et al.5 Shorr AF et al.6 Uchiyama et al.7 Rhee et al.8 Jhun et al.9 Sine et al.10

No of cases 22 18 33 137 85 43
Age, yr 29 ± 15.8y 22 (19e47)z 19.3 ± 2.7y 20 (19e21)x 21 (20e21)x 25.5¶

Sex, female 9 (40.9%) 2 (11.1%) 10 (30.3%) 0 (0%) 0 (0%) 4 (7.0%)
Current smoker 8 (36.4%) 18 (100.0%) 32 (97.0%) 135 (98.5%) 84 (98.8%) 39 (90.7%)
Never smoker 0 1 (3.0%) 1 (0.7%) e

Durations of smoking# 1 week-3months k 1 month (2w-2 months)z 2 weeks (1 daye2 months)z 17 days (13e26 days)x e e

Start smoking 6 (27.2%) 14 (77.8%) 21 (63.6%) 71 (51.8%) 33 (76.7%)
Restart smoking 0 (0%) 2 (6.0%) 41 (19.9%)
Increased smoking 2 (11.1%) 6 (18.2%) 13 (9.5%) e

No change 2 (11.1%) 3 (9.1%) 10 (7.3%) 6 (14.0%)
Allergic diseases Dermatitiss 2 (9.1%) e Asthma 3 (9.1%)

Dermatitiss 2 (6.1%)
Rhinitis 10 (7.3%)
Asthma 3 (2.2%)
Dermatitiss 3 (2.2%)

e e

y Mean ± SD.
z Median (range).
x Median (interquartile range).
¶ Mean.
k Range.
# Time from initiation or increased smoking number to development of AEP.

Y. Suzuki, T. Suda / Allergology International 68 (2019) 413e419414
allergic disease such as bronchial asthma, dermatitis, and rhinitis is
uncommon and found in fewer than 10% of cases. Three studies
have recorded the detailed smoking history of patients with AEP.6e8

They showed that 50e80% of patients had started smoking less
than 2 months before the onset of AEP. In addition, 11e29.4% of the
patients had restarted smoking or had increased the quantity of
cigarettes smoked before the onset of AEP. Although smoking is
likely to be involved in most cases, it should be noted that a few
cases of truly “idiopathic AEP” exist in the real world.11

Although the exact etiology of AEP remains unknown, it has
been hypothesized that it involves an acute hypersensitivity reac-
tion to an inhaled antigen, such as tobacco smoke, in an otherwise
healthy individual. Apart from tobacco smoke, AEP can develop
under unusual outdoor circumstances; military personnel working
in the desert of theMiddle East,6 a firefighter following the collapse
of the World Trade Center towers,13 inhaled smoke from fire-
works,14 and environmental factors in the home15 have also been
noted. Therefore, epithelial injury following exposure to inhaled
antigens or tobacco smoke is postulated to trigger AEP.16 Alveolar or
epithelial damage can elicit activation of the inflammatory signal,
leading to secretion of IL-33, IL-25, and thymic stromal lympho-
protein. These epithelial cytokines subsequently stimulate ILC2s
and polarize Th2s, resulting in activation and recruitment of
Table 2
Clinical manifestations, Blood and BAL analyses of AEP.

Philit et al.5 Shorr AF et al.6 Uchiyama et

Symptoms (days) 8.3 ± 8.5 days 1 (1e4 days) 3.5 (1e11 da
Dyspnea 22 (100%) 8/9 (88.9%) 27 (81.8%)
Cough 18 (81.8%) 6/9 (66.7%) 54 (73.9%)
Fever/chills 22 (100%) 8/9 (88.9%) 31 (93.9%)
Chest pain 11 (50.0%) 5/9 (55.6%) e

PaO2 or P/F ratio 60.3 ± 11.6
ICU administration 16/22 (72.7%) e e

Mechanical ventilation 8/22 (36.4%) 12 (66.7%) e

Blood analyses
WBC (/mm3) 20,700 ± 1090 e 15,614 ± 64
Eos (/mm3) 980 ± 1500 323 ± 183 623 ± 813
Eos > 500/mm3 8/22 (36.4%) 13/33 (39.4%
Maximum Eo (/mm3) 2547 ± 1560 2010 ± 1182
CRP (mg/dl) 12.1 ± 9.4 e 8.4 ± 5.9

BAL Analyses
Ly (%) 12.5 ± 12.7 e 13.4 ± 9.2
Eos (%) 54.4 ± 19.2 40.5 (25e74)y

44.0 ± 18.6
52.8 ± 18.6

Neut (%) 13.0 ± 14.0 e e

WBC, white blood cell; Eos, eosinophil; CRP, C-reactive protein; IgE, immunoglobulin E;
y Median range
eosinophils in the lungs. In fact, several lines of studies have re-
ported elevated levels of IL-5,17,18 IL-18,19 IL-33,20 and other cyto-
kines and chemokines in the BAL fluids and peripheral blood of
patients with AEP. Among them, IL-33 is supposed to play central
role in AEP16 because marked IL-33 secretion is caused by epithelial
and also endothelial injuries, which strongly activate ILC2s with
rapid production of IL-5 and IL-13, that in turn further amplify
eosinophil activation and Th2 polarization.
Clinical manifestations and laboratory findings of AEP

A summary of clinical manifestations and laboratory findings
from previous studies is presented in Table 2. Generally, AEP is
characterized by acute onset of dyspnea accompanied by cough and
fever/chills. As shown in Table 2, dyspnea, cough, and fever/chills
are found in approximately more than 80% of patients. Sputum
production is not commonly observed, but symptoms of chest pain
and myalgia (30e50%) are not rare. Importantly, most symptoms
can develop within several days after an acute onset. Severe hyp-
oxemia and/or respiratory failure presenting acute respiratory
distress syndrome are often found, and most patients with AEP
show room-air SpO2 <90%. Uchiyama et al. analyzed the data of 33
patients with AEP with a mean PaO2 of 60.3 ± 11.6 torr,7 and Rhee
al.7 Rhee et al.8 Jhun et al.9 Sine et al.10

ys) e 3 (2e3 days) e

127 (92.7%) e e

130 (94.9%) 59 (69.4%) e

120 (87.6%) 66 (77.6%) e

22 (16.1%) e e

torr 284.3 (232.7e334.1) 256 (225e315) 182
108 (78.9%) 40 (47.1%) e

2 (1.5%) 2 (2.4%) 29 (67.4%)

40 12,070 (9435e16,835) 13,570 (9715e18,485)
360 (220e583) 318 (169e511)

) 44/137 (32.1%) 24/85 (28.2%)

16.6 (9.1e36.6) 10.25 (5.67e16.15)

19.0 (12e28)y 22 (13e29)y 37%
40.0 (35e53)y 44 (33e62)y

5.0 (2e11)y 5 (1e15)y

BAL, bronchoalveolar lavage; Ly, lymphocytes; Neut, neutrophils.
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et al. reported on 137 patients with AEP with a mean median P/F
ratio of 284.3 (range, 232e334).8 Therefore, more than a few pa-
tients with AEP require admission to the intensive care unit
(30e80%), and cases with severe hypoxemia also need mechanical
ventilation.5,6,9e11

Blood analyses at the time of admission show increased white
blood cell count and C reactive protein levels. Strikingly, peripheral
eosinophilia (>500/mm3) has only been found in 30% of cases.5e11

Blood eosinophil counts in most patients with AEP remain normal
at the time of admission and subsequently increase during the
following days. A retrospective study by Jhun et al. showed that an
initial elevated count of peripheral eosinophils was associated with
milder disease course compared to the normal range in terms of
oxygen requirements, duration of oxygen administrations, and the
rate of intensive care unit admission.9 Because most patients with
AEP have no peripheral eosinophilia, detailed disease history and
computed tomography (CT) images comprise cues to suspect AEP.
As patients with AEP often have severe respiratory failure, pul-
monary function tests (PFTs) cannot be routinely performed.

Consequently, BAL eosinophilia is essential for the diagnosis of
AEP. BAL eosinophilia was reported usually over 40%, while pro-
portions of lymphocytes also increased to 10e30%. Additionally,
neutrophils in the BAL also increased to some extent. Tissue
eosinophilia is usually found in lung tissues obtained by trans-
bronchial lung biopsy (TBLB), and surgical lung biopsy is not
necessary unless specified. The histological features of AEP are
characterized by dense accumulations of eosinophils in the alveolar
space and the interstitium. Interstitial edema, fibrin depositions,
and detached type II epithelial cells are frequently found, but
airway epithelial architectures are usually preserved.16,21 In severe
cases, diffuse alveolar damage was reported.22

Radiology of AEP

Bilateral ground grass attenuations mixed with consolidations
are the most common features on chest radiography in patients
with AEP. In some cases, Kerley B lines are also present. Evaluations
with high-resolution CT (HRCT) are helpful to diagnose AEP. Earlier
detailed studies on HRCT findings in AEP cases showed that bilat-
eral areas with ground glass attenuation were found in almost all
patients, and 70e90% of the patients had interlobular septal
thickening.8,23 (Fig. 1). Bilateral pleural effusion was also present in
most cases (>90%).8,23 Airspace consolidation was seen in 40e60%
Fig. 1. Chest CT image of a patient with AEP. A 21-years old man showed diffuse
ground glass opacities together interlobular septal thickening (presented right lower
and middle lobe).
of patients. Poorly defined centrilobular nodules were not un-
common (30e50%)8,23,24 and were occasionally noted as the only
abnormality in the early phase of smoking-related AEP.25 The dis-
tributions of these HRCT findings are generally random patterns
with cephalocaudal and cross-sectional distributions, while pe-
ripheral and lower dominant distributions were found in approxi-
mately 30% of cases.23 A crazy paving pattern, which is not a specific
finding in AEP and is seen in various interstitial lung diseases, was
reported to be present in 28% of patients with AEP.23

Diagnosis of AEP

There are no formal diagnostic criteria, but the modified Philit
criteria have been used for the diagnosis of AEP as follows1,2,16,26: 1)
acute febrile illness of less than 1 month, 2) hypoxemia, 3) bilateral
diffuse pulmonary infiltrates on chest radiography, 4) BAL fluid
eosinophilia >25% and/or infiltrations of eosinophils in the lung
parenchyma on lung biopsy, and 5) absence of known causes of
eosinophilic lung disease such as drugs and infections.

Treatment of AEP

Although patients with AEP frequently exhibit progressive res-
piratory failure or severe hypoxemia, systematic corticosteroid
therapy rapidly improves patient condition within several days. In
cases with severe respiratory failure, intravenous administration of
high-dose corticosteroids is employed. Although no clinical trial
has explored the optimal duration of therapy, 2 weeks of steroid
treatment may be considered sufficient. Indeed, Rhee et al. retro-
spectively compared the efficacy of 2 week-steroid therapy and 4
week-steroid therapy and found no significant differences in terms
of symptomatic and radiographic resolution.8 In cases with mild
hypoxemia, spontaneous resolution may be expected.7 In contrast
to CEP, smoking-related AEP does not usually relapse if the patients
discontinue smoking, and complete recovery without impaired
pulmonary function can be achieved.5

Chronic eosinophilic pneumonia (CEP)

Epidemiology and clinical manifestations of CEP

CEP is a rare disorder among the diffuse parenchymal lung
diseases. The incidence of CEP among the interstitial lung diseases
(ILDs) was reported to be 0e2.7% in an ILD registry in Europe, and
0.5e1.2% in an ILD registry in the US.27 Although a small retro-
spective study estimated the annual incidence of CEP at 0.23 cases/
100,000 population,28 the exact incidence of CEP among the gen-
eral population remains undetermined. Compared with AEP, the
clinical characteristics of CEP have distinct features. The summaries
of previous studies are shown in Table 3.29e36 CEP can develop at
any age including during childhood and old age, and most patients
with CEP are in their 30 se50 s, with women being twice as likely to
develop this disease.1,2,26,29 A close association between CEP and
allergic diseases has been noted, and more than half of the patients
with CEP have an allergic disease, such as bronchial asthma, atopic
dermatitis, and allergic rhinitis. These allergic diseases can develop
both prior and after the onset of CEP.34 In contrast to a possible
association between smoking and the pathogenesis of AEP, smokers
with CEP are uncommon (usually comprising less than 10%) and
most patients with CEP (>60%) have never smoked.

Clinical manifestations and laboratory findings of CEP

There are no symptom specific to CEP. Prolonged (several
months) respiratory symptoms such as cough (60e90%), and



Table 3
Clinical characteristics of CEP.

Suzuki et al.30 Ishiguro et al.31 Oyama et al.32 Marchand et al.33 Marchand et al.34 Durieu et al.35 Naughton et al.36

No of cases 133 73 44 62 53 19 12
Age, yr 58.3 ± 14.2 (21e84)y 56.7 ± 12.6 61.7 ± 11.2 (41e79)y 45.4 ± 16.8 43 ± 17 51 ± 16 (20e80)y 38.5 ± 9.2 (15e52)y

Sex, female 84 (63.2%) 47 (64.4%) 29 (67.4%) 42 (67.7%) 34 (64.2%) 16 (84.2%) 12 (100%)
Current smoker 4 (3.0%) 25 (34.2%) 1 (2.3%) 4 (6.5%) 7 (13.2%) 0 (0%) 1 (8.3%)
Never smoker 87 (65.4%) 48 (65.8%) 26 (60.5%) 58 (93.5%) e 18 (94.7%) 11 (91.7%)
Prior asthma 67 (50.4%) 35 (47.9%) 27 (61.4%) 32 (51.6%) 34 (64.2%) 7 (36.8%) 4 (33.3%)
Allergic rhinitis 35 (26.3%) 11 (15.1%) e 14/59 (23.7%) e 7 (36.8%) e

y Range.
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shortness of breath/dyspnea (20e50%) are the most common
manifestations, but patients with CEP rarely develop respiratory
failure and usually show normal or mild hypoxemia. Temperature
elevation, sputum, and wheezing are often found. As a non-
respiratory manifestation, patients with CEP also exhibit appetite
loss and/or weight loss and occasionally present with chest
pain.29e33,35,36

The summary of blood and BAL analyses are shown in Table 3. In
addition to the prolonged respiratory symptoms, blood analyses are
helpful in raising the suspicion for CEP. In contrast to AEP, in which
peripheral eosinophilia is unusual at disease onset, blood eosino-
philia is observed in most patients with CEP together with elevated
IgE levels, being a key characteristic of CEP. Mild elevation of C-
reactive protein and white blood cell count are also noted. A review
of previous case series showed that the mean peripheral eosinophil
and IgE levels were at approximately 30% and >500 IU,
respectively.29e36 In our cohort, including 133 CEP cases, 80% of the
patients showed peripheral eosinophilia (>10%), and more than
60% had elevated serum IgE (>300 IU).30

When performing bronchoscopy, eosinophilia on BAL and/or
tissue eosinophilia on TBLB are observed. The summary of previous
cohort studies presented in Table 4 shows BAL eosinophilia with a
mean proportion of 40e60%.29e36 However, discordance between
BAL eosinophilia and tissue eosinophilia can occasionally occur.
Matsuse et al. showed that, among 25 patients with CEP with BAL
eosinophilia, 36% showed absence of tissue eosinophilia on TBLB.37

Taniguchi et al. reported a case of CEP without BAL eosinophilia that
was eventually diagnosed by surgical lung biopsy with tissue
eosinophilia.38 This discordance may arise from differences in the
sample area or small lung specimens obtained by TBLB.
Pulmonary function tests

Assessment of PFTs is helpful to evaluate disease severity and to
monitor disease control during follow-up periods. At the time of
CEP diagnosis, defects in PFTs are common ranging from 50% to
70%.30e33,35 Both obstructive and restrictive patterns are noted, and
the restrictive pattern is slightlymore frequent than the obstructive
pattern at the time of diagnosis. Analyses of spirometry in 116
patients with CEP showed an obstructive pattern in 10.3%, a
restrictive pattern in 29.3%, and a mixed (obstructive/restrictive)
pattern in 29.3%30 of patients. Diffusing capacity for carbon mon-
oxide is also decreased in approximately half of the patients.33

Because 30e64% of patients with CEP have asthma and they often
presented with wheezing, it should be considered that comorbid
asthma affects the results of PFTs in patients with CEP.
Radiology of CEP

Chest radiography shows bilateral or unilateral airspace
consolidation predominantly in the peripheral region, described as
a “photographic negative pattern,” that is reportedly highly indic-
ative of CEP.1,29,39,40 However, the photographic negative pattern
was reported to be not specific to CEP and was present in only a
quarter of patients with CEP.39,41,42 Airspace consolidation and
ground glass attenuations are typical findings of CEP on HRCT.
Especially, airspace consolidation with a predominantly peripheral
distribution is commonly present24,30,33,43,44 (Fig. 2). The presence
of pleural effusions is uncommon (usually in less than 20% of
cases).24,30,32,33,43,44 HRCT is also helpful to differentially diagnose
CEP among the eosinophilic lung diseases. Johkoh et al. assessed the
HRCT data of 111 patients with a variety of eosinophilic lung dis-
eases, including 40 with CEP, 13 with AEP, 16 with allergic bron-
chopulmonary aspergillosis (ABPA), and 16 with EGPA and
examined the diagnostic accuracy of HRCT. Airspace consolidation
with a predominantly peripheral distribution was found in 85% of
patients with CEP, and a high accuracy of CEP diagnosis (78%) was
achieved via HRCT.24 Similar to that study, patterns of airspace
consolidation with peripheral distribution were found in approxi-
mately 70% of patients with CEP in another cohort.30 Cryptogenic
organizing pneumonia (COP) is also known to share HRCT findings
with CEP, but several differences have been reported. Arakawa et al.
showed that nodules or a mass accompanied by non-septal linear
or reticular opacities and bronchial dilation were more common in
COP, while septal line thickening was more frequent in CEP.43

Diagnosis of CEP

CEP is diagnosed based on clinical symptoms, laboratory find-
ings, and exclusions of differential diagnoses of other eosinophilic
lung disease. The current working criteria are as follows1,2,26,29: 1)
clinical symptoms (lasting > 2 weeks), 2) abnormal chest radio-
graphic findings, 3) eosinophilia detected in BAL (usually >25%),
blood eosinophilia, and/or evident eosinophil infiltration in the
lungs, 4) exclusion of other known eosinophilic pneumonias such
as drug pneumonia, parasitic infection, ABPA, and EGPA.

Treatment

Corticosteroids
Patients with CEP usually respond well to corticosteroids.

Because spontaneous resolution is rare (<10%), most patients with
CEP require systemic corticosteroid treatment once after the CEP
diagnosis (Table 4). Generally, administration of corticosteroids is
initiated with prednisolone (PSL) 0.5 mg/kg or approximately
30 mg, and is usually sufficient to obtain symptomatic resolution as
well as radiological remission within 2 weeks. Intravenous high-
dose corticosteroid therapy is also employed in severe cases. In
practice, if the patient does not respond well to corticosteroids, an
alternative diagnosis should be considered.

Optimal duration of corticosteroid therapy
After resolution with corticosteroid administration, the doses

are reduced and ideally censored. In most cases, PSL is tapered for
6e12 months,1,33 but there are no established or optimal regimens.
We prospectively treated patients with CEP with PSL for 3 or 6



Table 4
Clinical manifestations, Blood and BAL analyses of CEP.

Suzuki et al.30 Ishiguro et al.31 Oyama et al.32 Marchand et al.33 Marchand et al.34 Durieu et al.35 Naughton et al.36

Blood analyses
WBC (/mm3) 9430 ± 3232 9931 ± 3464 8800 ± 2987 e e e e

Eos (%) 27.0 ± 17.0 19.4 ± 14.6 26.4 ± 18.6 32.3 ± 15.7 31 ± 15 4232 ± 3461y 1998 ± 1117y

CRP (mg/dl) 3.98 ± 4.59 5.0 ± 6.4 3.89 ± 4.96 4.3 ± 4.75 e e e

IgE (IU/L) 936.6 ± 1888.2 620 ± 714 938.9 ± 1672.7 506 ± 633 499 ± 620 580 ± 696 33e1000z

BAL analyses
Eos (%) 38.2 ± 27.4 41.4 ± 28.3 37.7 ± 25.9 58.0 ± 22.6 54 ± 25 50.5 ± 27.6 e

Ly (%) 11.0 ± 12.8 e 12.2 ± 12.9 6.1 ± 4.5 6 ± 5 e e

Initial treatment
PSL administrations 128 (96.2%) 65 (89.0%) 44 (100%) 61 (98.4%) e 19 (100%) 12 (100%)
Initial PSL doses, (mg) 28.5 ± 6.4 29.4 ± 7.6 26.5 ± 4.2 0.97 ± 5.0 mg/kg e 50 ± 17 20e60z

Relapses
Relapse rate 75 (56.4%) 27 (37.0%) 25 (56.8%) 30 (48.4%) 24/42 (57.1%) 9 (47.4%) 7 (58.3%)

Maintenance therapy
PSL administrations 68 (51.1%) 35 (47.9%) e 31 (68.9%) 56% 9 (47.4%) 10 (83.3%)
PSL doses, (mg) 5.4 ± 2.7 e e 9.6 ± 7.4 e 11.8 ± 5.8 6.0 ± 2.4

WBC, white blood cell; Eos, eosinophil; CRP, C-reactive protein; IgE, immunoglobulin E; BAL, bronchoalveolar lavage; Ly, lymphocytes; PSL, prednisolone.
y Absolute number (/mm3).
z Range.

Fig. 2. Chest CT image of a patient with CEP. A 57-years old woman showed air space
consolidation predominating in the peripheral (presented right lower lobe).
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months and then compared the relapse rate during 2 years. In the
3-month treatment group, patients initially received 0.5 mg/kg PSL
once daily, and then PSL was tapered by 20% every 2 weeks and
discontinued after 3 months. In the 6-month treatment group,
patients initially received 0.5 mg/kg PSL once daily, and subse-
quently PSL was tapered by 20% every 2 weeks for 2 months, and
thereafter by 20% every 3 weeks and discontinued after a total of 6
months. Interestingly, that prospective study found no significant
difference in the incidence of relapse between the 3-month treat-
ment group (61.9%) and the 6-month treatment group (52.1%,
p ¼ 0.39).32
Relapse
During tapering and/or after discontinuation of corticosteroid

treatment, relapse is common and occurs in more than half of CEP
cases30e36 (Table 4). Additionally, some patients experience relapse
several times. Indeed, our previous study showed that, out of 133
patients with CEP, 75 patients (56.4%) relapsed and 38 (28.6%)
relapsed more than twice.30 After relapse, resumption of cortico-
steroid treatment leads to favorable response similar to that to the
initial treatment. Although there have been no clinical studies on
the treatment of relapse, it may be treated with PSL 20 mg and/or
the same dose used during the initial treatment.1,29
Alternative therapy
Because patients with CEP frequently have comorbid asthma,

ICS are often used in CEP. Indeed, approximately 50% of patients
with CEP receive ICS with or without oral corticosteroids in the
clinical setting.30,34e36 There is a possibility that ICSmay potentially
save PSL doses and reduce the occurrence of relapse, but this would
have to be confirmed by a large prospective study. A retrospective
study showed that ICS use was related to lower incidence of
relapse.34 In contrast, four-case series showed that beclomethasone
monotherapy as initial treatment failed to control CEP.45

Theoretically, biological agents, such as the anti-IgE antibody
(omalizumab), anti-IL-5 antibody (mepolizumab), and anti-IL-5
receptor antibody (benralizumab) may be alternative candidates
for the treatment of CEP. Indeed, omalizumab46 and mepolizu-
mab47,48 showed efficacy for reducing or discontinuing corticoste-
roid administration in relapsed CEP cases. Although biological
agents are a reasonable choice for regulating eosinophilic inflam-
mation in CEP, there remain several concerns regarding adaptation
and treatment duration.
Long-term CEP management

Administration of corticosteroids dramatically improves the
clinical symptoms and radiological abnormalities in patients with
CEP both at initial presentation and at relapse. Thus, CEP-related
mortality is extremely rare. However, relapse is commonly
encountered as high as over 50% of cases.30,32e36 Moreover, pa-
tients with CEP often have comorbid allergic diseases, such as
asthma, and the severity of asthma often worsens after CEP
development.34 Therefore, the long-term management of CEP
should mainly focus on CEP relapse and comorbidities. Due to
persistent disease, repeated relapse, and/or comorbid severe
asthma, more than a few patients with CEP require indefinite
maintenance with corticosteroids. Indeed, more than 50% of pa-
tients with CEP receive prolonged corticosteroid treatment as
maintenance therapy30,33,34,36 (Table 4). This high frequency of
corticosteroid maintenance requirement in the real world is sur-
prising, given the good response to corticosteroids. Additionally,
some patients with CEP have prolonged persistent impairment of
pulmonary function.30 Therefore, CEP, or at least some CEP cases,
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should be considered a potentially chronic disease requiring long-
term management, rather than an acute or subacute disease only
requiring short-term therapy. CEP management should aim
to control the disease and to prevent relapse and persistent
impairment of pulmonary function while avoiding excessive
corticosteroid treatment.

Can relapse be predicted?
To date, several studies have attempted to identify predictive

factors of CEP relapse. A retrospective study including 53 CEP cases
found that patients with CEP with comorbid asthma had lower
frequencies of relapse than those without asthma (56% vs 23%).34

The authors speculated that the higher use of ICS in the patients
with asthma (88% vs 31%) might be the reason for this difference.
Another retrospective study with 73 patients with CEP found
smoking history as a negative factor for relapse.31 However, these
factors have not yet been confirmed by other prospective or
retrospective studies so far.30,32 Therefore, there are no established
predictive factors of relapse.

How common is persistent impairment of pulmonary function in
patients with CEP?

At the time of CEP diagnosis, approximately 50e70% of patients
with CEP exhibit PFT defects with slight dominance of a restrictive
pattern.30e33,35 Interestingly, there has been growing evidence that
persistent PFT impairment at follow-up periods is also common in
CEP.30,35 We conducted an observational study with 133 patients
with CEP with a mean observation period of 6.1 years, and found
that 36.8% of the patients had persistent PFT defects with a pre-
dominantly obstructive pattern.30 Additionally, Durieu et al. also
reported that 10 of 19 patients with CEP (52.6%) had impaired PFTs
with a mean follow-up period of 4.1 years.35 Thus, the frequency of
patients with CEP having persistent impairment of pulmonary
function may be higher than we have expected, and this condition
should be taken into consideration in the management of CEP.

What are the predictive factors of persistent impairment of
pulmonary function?

Because patients with CEP exhibit persistent impairment of
pulmonary function, identification of factors associated with such
impairment is important. Direu et al. reported that BAL eosinophilia
was higher in patients with CEP with persistent obstructive PFTs
than in those with normal PFTs.35 In our previous study, comorbid
asthma and obstructive PFT defects at the time of initial diagnosis
were related to persistent obstructive impairment, whereas
restrictive PFT defects and reticulation on HRCT at the time of
diagnosis were risks for persistent restrictive impairment.30

Notably, relapse was not a risk factor for persistent impairment of
pulmonary function.30,35

Conclusion

This review discussed the current understanding of CEP and AEP
in terms of epidemiology, clinical manifestations, and treatment.
CEP and AEP share several similarities, including response to cor-
ticosteroids, but the clinical manifestations and disease courses
differ. Although AEP can cause life threatening severe acute respi-
ratory failure, relapse is rare and corticosteroid therapy can be
discontinued with complete recovery. In contrast, more than a half
of CEP patients experience relapse, and prolonged corticosteroid
treatment is needed in approximately half of these patients.
Additionally, persistent impairment of pulmonary function is not
unusual. Although successfully-treated cases with biological agents
have been reported, further studies are required to facilitate the
development of disease severity-based treatment regimens for CEP.
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