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Purpose: Idiopathic chronic eosinophilic pneumonia (ICEP) is a rare, chronic respiratory disease. Corticosteroid therapy is effective
for ICEP, but relapse is frequent after its tapering, which leads to chronic use and corticosteroid-related adverse effects. Currently,
biological agents targeting interleukin 5 (IL-5) are considered alternatives for treating ICEP patients with frequent relapse, but the
detailed effects are not fully understood.
Patients and Methods: The clinical characteristics of 30 patients with ICEP, especially 12 patients with ICEP who experienced
relapse after corticosteroid dose tapering, were evaluated retrospectively. In addition, 4 ICEP patients with frequent relapse treated by
IL-5-targeted biological agents were reviewed.
Results: Of the 30 patients diagnosed with ICEP, 12 patients (40.0%) recurred after corticosteroid dose tapering, and 9 (30.0%) were
treated with maintenance doses of corticosteroid. Of ICEP patients who experienced recurrence, 6 (50.0%) had frequent relapses (2 or
more times). All 4 patients treated with anti-IL-5 agents had their corticosteroid dose reduced without any relapses; in 3 patients,
corticosteroids were withdrawn.
Conclusion: Anti-IL-5 agents might be alternatives for treating ICEP patients with frequent relapses.
Keywords: chronic eosinophilic pneumonia, idiopathic, anti-IL-5 agents, mepolizumab, benralizumab

Introduction
Chronic eosinophilic pneumonia (CEP) is a rare, chronic respiratory disease that is characterized by infiltration of
eosinophils in lung parenchyma.1,2 There are various causes of CEP, including: drugs, mycosis, parasitic infestation, and
other systemic eosinophil-activated diseases such as eosinophilic granulomatosis with polyangiitis, allergic bronchopul-
monary mycosis,3,4 and idiopathic chronic eosinophilic pneumonia (ICEP). Patients with ICEP have prolonged fever,
cough, and sputum, and they show multiple pulmonary infiltrates on chest radiography.1,5,6 Blood eosinophilia is
definitely seen, with levels of more than 6% of the total white blood cells or 1000/µL.5 In addition, bronchoscopy
plays a role in the diagnosis of CEP, since bronchoalveolar lavage fluid (BALF) shows more than 25% eosinophils.1

Most patients with CEP recover after corticosteroid treatment.7 However, relapse is frequent after tapering of the
corticosteroid dose,8–10 which leads to long-term corticosteroid administration, resulting in corticosteroid-related adverse
effects such as diabetes mellitus, infections, osteoporosis, and glaucoma,11 which are important clinical issues in the
management of ICEP.

Recently, interleukin 5 (IL-5)-targeted biological agents such as mepolizumab and benralizumab have been used for
the treatment of severe eosinophilic asthma.12,13 IL-5 is a major cytokine that is related to eosinophil differentiation,
proliferation, activation, and eosinophil-mediated inflammatory responses.14 Mepolizumab is a humanized monoclonal
antibody that affects the IL-5α-chain and prevents its binding to the α subunit of the IL-5 receptor.15 On the other hand,
benralizumab binds to the IL-5Rα subunit expressed on eosinophils, enhancing antibody-dependent cellular cytotoxicity
and reducing circulating levels of eosinophils.16 Importantly, these anti-IL-5 agents have been in focus as alternative
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treatments for ICEP patients with frequent relapses on corticosteroid treatment. However, the detailed effects of IL-
5-targeted biological agents for ICEP have not been fully assessed.

In the present study, the clinical characteristics of 30 patients with ICEP were evaluated, with a special focus on the
features of 12 patients with ICEP who experienced relapses after corticosteroid dose tapering. In addition, 4 ICEP
patients with frequent relapses who were treated by IL-5 targeted biological agents were reviewed. Current data for the
clinical efficacy of IL-5-targeted biological agents for ICEP patients would contribute to reducing relapses and steroid-
related adverse effects.

Materials and Methods
Patients and Diagnosis
Thirty patients diagnosed with ICEP at Saga University Hospital between 2005 and 2020 were reviewed retrospectively.
All patients were diagnosed with ICEP by two expert pulmonary physicians referring to the following diagnostic criteria
from the previous reports,1,5 and patients who satisfied all of the criteria were diagnosed as having ICEP: 1) clinical
symptoms such as fever (>37.5°C), cough, and sputum lasting more than 2 weeks; 2) pulmonary infiltrates on chest
imaging; 3) blood eosinophilia >1000/μL and/or eosinophilia in BALF, with eosinophils accounting for more than 25%
of the total cell count; 4) exclusion of other etiologies such as drugs, mycosis, parasitic infestation, or other systemic
eosinophil-activated diseases such as eosinophilic granulomatosis with polyangiitis and allergic bronchopulmonary
mycosis; and 5) improvement of the abnormalities after initiation of corticosteroid treatment. The rate of corticosteroid
tapering was determined by the physician. Recurrence was also diagnosed by the physician considering the symptoms,
blood eosinophilia, alveolar eosinophilia, worsening on chest imaging, and recovery of the abnormalities after treatment
with increasing corticosteroid doses.

This study was approved by the ethics committee of Saga University Hospital (approval number: 2021-07-R-01,
approval date: September 29, 2021) and was performed in accordance with the 1964 Declaration of Helsinki. Informed
consent was obtained in the form of opt-out on the website. Those who rejected were excluded. In addition, written,
informed consent for publication of their case details was obtained from each of the 4 patients with ICEP treated by anti-
IL-5 agents.

Comorbidities and Examinations
Comorbidities including hypertension, hyperlipidemia, diabetes mellitus, and allergic comorbidities such as asthma and
allergic rhinitis were identified at the time of ICEP diagnosis. All patients were examined by chest computed tomography
(CT). Symptoms and examination results for the radiological findings, laboratory findings, and the eosinophil ratio of
BALF were determined at the time of ICEP diagnosis. Bronchoscopy was performed considering the risk of increased
hypoxia and the patient’s consent. Thus, 22 patients (73.3%) underwent bronchoscopy for the diagnosis of ICEP.

Results
Clinical Characteristics and Comorbidities in Patients with ICEP
Thirty patients satisfied the diagnostic criteria of ICEP. Their average age was 60.9 years, and 12 patients (40.0%) were
male. The average body mass index (BMI) was 21.3 kg/m2, and the duration of observation was 1553.5 days. As
comorbidities, 11 patients (36.6%) had hypertension, 5 patients (16.7%) had hyperlipidemia, and 6 patients (20.0%) had
diabetes mellitus. As allergic comorbidities, 9 patients (30.0%) had asthma, and 5 patients (16.7%) had allergic rhinitis.
As symptoms, 13 patients (43.3%) had fever, 26 patients (86.7%) had cough, and 12 patients (40.0%) had sputum.
According to radiological findings, 4 patients (13.3%) showed abnormalities limited to one lobe, and 23 patients (76.7%)
had abnormalities distributed in both lung fields on chest CT. According to laboratory findings, the average white blood
cell count was 11,734.7/µL, the ratio of eosinophils was 23.8%, the eosinophil count was 3392.2/µL, and C-reactive
protein was 5.2 mg/dL. Twenty-two patients (73.3%) underwent bronchoscopy with evaluation of alveolar eosinophilia.
The average eosinophil ratio in BALF was 50.9% of the total cell count. The initial corticosteroid dose converted to
prednisolone was 32.0 mg, and the average duration was 12.4 days. Twelve (40.0%) patients had recurrence of ICEP
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more than once, and 9 (30%) patients were treated by maintenance doses of corticosteroid. The maintenance dose of
corticosteroid converted to prednisolone of the 9 patients was 7.6 mg (Table 1).

Clinical Data of 12 Patients with Recurrence of ICEP After Steroid Tapering
For the 12 patients with recurrence of ICEP after steroid tapering, the average duration from diagnosis to the first
recurrence was 250.7 days. The average prednisolone dose at the time of recurrence was 5.0 mg/day. Six patients (50.0%)
had one recurrence, and 6 patients (50.0%) had more than 2 recurrences. According to laboratory findings at the time of
recurrence, the average white blood cell count was 10,764.2/µL, the ratio of eosinophils was 15.6%, the eosinophil count
was 1988.5/µL, and C-reactive protein was 1.3 mg/dL (Table 2).

Clinical Course of the 4 Patients with ICEP Treated by Anti-IL-5 Agents
Four patients with frequent ICEP recurrences and difficulties in corticosteroid dose reduction were treated by anti-IL-5
agents (Table 3). Two patients were treated with benralizumab, which is a monoclonal antibody that binds to IL-5
receptor alpha, at 30 mg every 4 weeks for 3 doses and then once every 8 weeks.17 The other 2 patients were treated with
mepolizumab, which is a monoclonal antibody that binds to IL-5 itself, at 100 mg every 4 weeks.18

Case 1
A 67-year-old woman who had asthma and diabetes mellitus presented with cough and dyspnea. She was admitted to another
hospital, and her chest radiograph showed infiltrations with blood eosinophilia. She had no evidence of other potential

Table 1 Clinical Characteristics of Patients with Idiopathic Chronic Eosinophilic Pneumonia (n = 30)

Age (years) 60.9 ± 16.4

Gender (male/female) 12/18
BMI (kg/m2) 21.3 ± 3.7

Duration of observation (days) 1553.5 ± 1326.6

Comorbidities (%)
Hypertension 11 (36.6%)

Hyperlipidemia 5 (16.7%)

Diabetes 6 (20.0%)
Allergic comorbidities (%)

Asthma 9 (30.0%)

Allergic Rhinitis 5 (16.7%)
Symptoms (%)

Fever (>37.5°C) 13 (43.3%)

Cough 26 (86.7%)
Sputum 12 (40.0%)

Radiologic features on chest computed tomography (%)

Limited in one lobe 4 (13.3%)
Both lung fields 23 (76.7%)

Laboratory findings

White blood cell (/μL) 11,734.7 ± 6475.1
Eosinophil (%) 23.8 ± 16.3

Eosinophil count (/μL) 3392.2 ± 5023.3

C reactive protein (mg/dl) 5.2 ± 5.8
Eosinophil ratio on bronchoalveolar lavage (n = 22) (%) 50.9 ± 19.3

Initial corticosteroid dose converted to prednisolone (mg) 32.0 ± 14.7

Duration of the initial corticosteroid dose (days) 12.4 ± 6.8
Patients who experienced recurrence after corticosteroid tapering (%) 12 (40.0%)

Patients who were treated with maintenance dose of corticosteroid (%) 9 (30.0%)

Maintenance dose of corticosteroid converted to prednisolone (mg) 7.6 ± 5.7

Abbreviation: BMI, body mass index.
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etiologies of CEP, including drugs, mycosis, or other systemic eosinophil-activated diseases, which indicated ICEP. She was
treated with corticosteroid, achieving temporary control. However, 540 days after treatment initiation, the disease recurred
with tapering of the prednisolone to 5 mg, and she developed 3 recurrences. Therefore, she was referred to our hospital for
improvement of ICEP and worsening of glucose tolerance treated by 2 kinds of oral hypoglycemic drugs and glucagon-like
peptide-1 agonist. Her chest CT findings showed ground-glass shadows and infiltrations in bilateral central lung fields
(Figure 1), and the blood eosinophil count was 2990/µL, hemoglobin A1c (HbA1c) was 6.6%, and the alveolar eosinophil
ratio was 40% in BALF. She was treated with benralizumab considering her increased risk of steroid-related adverse events.
Her forced expiratory volume in 1 second recovered from 1.00 L to 2.03 L on pulmonary function testing, and the blood
eosinophil count was reduced to 0 after 4 weeks. She has currently been on treatment with benralizumab for 8 months
without corticosteroid, with no recurrence and well-controlled glucose levels without any diabetes drugs.

Case 2
A 37-year-old woman without comorbidities presented with fever, cough, sputum, and dyspnea for 3 weeks and was
referred to our hospital. She had no hypoxia, and her chest CT showed infiltrations in bilateral peripheral lung fields
(Figure 2). Her blood eosinophil count was 2853.1/µL, and the alveolar eosinophil ratio was 50% in BALF. She had
no other etiologies for CEP; therefore, ICEP was diagnosed. She was treated with corticosteroid and developed
recurrence 182 days after treatment initiation with tapering her prednisolone to 12.5 mg. She had also experienced 4
recurrences. Considering her future risk of steroid-related adverse events, anti-IL-5 agent treatment was started. Her
blood eosinophil count was reduced to 0 after 4 weeks. She has currently been on treatment with benralizumab for 4
months with 5 mg of prednisolone, and no recurrence has been seen. Reduction of the corticosteroid dose is planned.

Table 2 Patients with ICEPWho Experienced Recurrence After Steroid Tapering
(n = 12)

Duration from diagnosis to the first recurrence (days) 250.7 ± 168.7
Prednisolone dose at the time of recurrence (mg) 5.0 ± 4.2

Recurrence time (%)

1 6 (50.0%)
> or = to 2 6 (50.0%)

Laboratory findings at the time of recurrence

White blood cell (/μL) 10,764.2 ± 4637.7
Eosinophil (%) 15.6 ± 14.6

Eosinophil count (/μL) 1988.5 ± 2474.2

C reactive protein (mg/dl) 1.3 ± 1.4

Abbreviation: ICEP, idiopathic chronic eosinophilic pneumonia.

Table 3 Clinical Information of 4 ICEP Cases Treated by Anti-IL-5 Agents

Age Gender Frequency
of
Recurrence

Blood
Eosinophil
(/μL)

BAL
Eosinophil
(%)

Prednisolone
Dose at
Recurrence
(mg)

Anti-IL-5
Agents

Prednisolone Dose after
Induction of Anti-IL-5
Agents (mg)

Case1 67 F 3 2990 40 5 Benralizumab 0

Case2 37 F 4 2853.1 50 12.5 Benralizumab 5

Case3 74 M 2 4939 n.e. 4 Mepolizumab 0
Case4 68 M 3 6068.2 n.e. 5 Mepolizumab 0

Abbreviations: ICEP, idiopathic chronic eosinophilic pneumonia; BAL, bronchoalveolar lavage; IL-5, interleukin 5; n.e, not examined.
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Case 3
A 74-year-old man with hypertension, hyperlipidemia, and chronic heart failure caused by an old myocardial infarction
presented with cough and sputum for 2 weeks and was referred to our service. His chest CT showed bilateral infiltrations
(Figure 3), and his blood eosinophil count was 4939/µL. Bronchoscopy was not performed due to his unstable cardiac
status. Since other causes of CEP were ruled out, ICEP was diagnosed. He was treated with corticosteroid, and his
symptoms, chest CT findings, and blood eosinophilia recovered, but they re-appeared again 238 days after treatment

Figure 1 Chest computed tomography (CT) with the lung window setting shows ground-glass shadows and infiltrations in bilateral central lung fields.

Figure 2 Chest CTwith the lung window setting shows infiltrations in bilateral peripheral lung fields.
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initiation with a prednisolone dose of 4 mg. He also developed 2 recurrences, and there was concern about progression of
arteriosclerosis that could cause another cardiac event. He was treated with mepolizumab, and his blood eosinophil count
was reduced to 32.5/µL after 4 weeks. He has currently been treated with mepolizumab for 19 months and has not
experienced any recurrences without corticosteroid.

Case 4
A 68-year-old man with diabetes mellitus and cough and sputum for 2 weeks was admitted to another hospital. His chest
CT showed ground-glass shadows and infiltrations in bilateral lower lung fields (Figure 4). His blood eosinophil count
was 6068/µL, and his HbA1c was 7.3%. Bronchoscopy was not performed because he refused. Other causes of CEP were
ruled out, so ICEP was diagnosed. He was treated with corticosteroid, but developed recurrence 128 days after treatment
initiation with a tapered prednisolone dose of 5 mg. In addition, he experienced 3 recurrences and was maintained with
5 mg of prednisolone. Considering the improvement of ICEP and the worsening glucose tolerance induced by
corticosteroid, he was referred to our hospital. He was treated with mepolizumab, and his blood eosinophil count was
reduced to 79/µL after 4 weeks. He has been treated with mepolizumab for 17 months, and no recurrences of ICEP have
appeared without corticosteroid. His glucose tolerance also recovered, and HbA1c was 5.5%.

Discussion
The present longitudinal study showed that recurrence of ICEP occurred frequently, which leads to prolonged corticos-
teroid treatment. Hence, corticosteroid-related adverse events should be taken into consideration in the management of
ICEP. Four ICEP patients with frequent recurrences requiring maintenance doses of corticosteroid were treated with anti-
IL-5 agents. In all of them, the corticosteroid dose was decreased; in fact, in 3 of 4 cases, the corticosteroid was
withdrawn, and all cases have not experienced additional recurrences of ICEP after the administration of anti-IL-5 agents
despite the reduction of the corticosteroid dose. To the best of our knowledge, this is the first report of a case series of
ICEP treated by anti-IL-5 agents.

Patients with ICEP normally respond well to corticosteroid treatment,1 and all of the patients in the present study also
recovered from ICEP after initial corticosteroid treatment. During corticosteroid tapering or discontinuation, recurrence
occurred frequently, as previously reported. Approximately 40% to 60% of patients with CEP experienced relapses,8–10,19

Figure 3 Chest CTwith the lung window setting shows infiltrations in bilateral lung fields.
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and 28.6% suffered frequent relapses, 2 or more times.8 Indeed, in the present study, 40% of patients diagnosed with
ICEP experienced recurrence, and 20% relapsed 2 or more times (Tables 1 and 2) which supported the previous reports.
To avoid recurrence, corticosteroid was administered as maintenance therapy, and 30% to 50% of patients were
continuously treated with corticosteroid in the present study (Table 1) and previous reports,8,9,20 which results in
corticosteroid-related adverse effects, such as worsening glucose tolerance, infections, osteoporosis, and glaucoma.11

Thus, alternative therapy for ICEP is necessary to reduce corticosteroid use and attenuate frequent relapses, focusing on
the specific treatment target, considering efficacy and drug-induced adverse effects.

Eosinophils can be important cells in the pathophysiology of ICEP and the treatment target, because blood eosinophils
and alveolar eosinophils are extremely elevated in patients with ICEP, and they are reduced after treatment, such as
corticosteroid therapy.1 A previous study reported that eosinophils are detected in intra-alveolar exudate and infiltrate into
interstitial sites on pathological examination.21 Notably, eosinophils induce robust inflammation at the infiltrated site with
cytotoxic activity,22,23 releasing intracellular chemical contents caused by eosinophil extracellular trap cell death (EETosis).24

These data show that the mechanistic basis of ICEP involves activation and migration of eosinophils, and its specific
resolution by treatment is crucial from the perspective of efficacy and reducing drug-induced adverse effects. Currently, there
is increasing evidence that IL-5 is the pivotal molecule for the homeostasis of eosinophils. For example, IL-5 contributes to
longer survival and activation of eosinophils,25 and IL-5 is also involved in migration of eosinophils to lung tissues.26,27

Importantly, the concentration of IL-5 in BALF of patients with CEP is significantly higher than that of healthy
volunteers,28,29 which suggests that IL-5 can be a specific target as an alternative treatment for ICEP.

Currently, anti-IL-5 agents including benralizumab, mepolizumab, and reslizumab are available for patients with
severe eosinophilic asthma and have the capacity to reduce blood12,13,30 and airway eosinophils.16,31 These data show
that anti-IL-5 agents attenuate blood and tissue eosinophilia, the major pathophysiology of ICEP. Indeed, in the present
cases, all 4 ICEP patients with frequent recurrences were well controlled by anti-IL-5 agents, and no patients have
developed relapses after the treatment, as supported by previous single-case reports.32–36 Ricketti et al also reported that
a patient with relapsing CEP was treated with benralizumab, and the safety of long-term treatment for over 30 months
was found, with maintenance of its efficacy.37 In addition, corticosteroid treatment was withdrawn or reduced in all 4
cases, which contributed to attenuation of corticosteroid-related adverse effects (Table 3). Practically, 2 cases showed
improved glucose tolerance after initiation of anti-IL-5 agents. Thus, anti-IL-5 agents might be an alternative treatment

Figure 4 Chest CTwith the lung window setting shows ground-glass shadows and infiltrations in bilateral lower lung fields.
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for ICEP patients with frequent recurrences, and expansion of the indications for anti-IL-5 agents in the treatment of
ICEP would be expected. Determination of treatment selection, either mepolizumab or benralizumab, is challenging
because there are few data comparing the effects of these drugs in terms of their clinical efficacy and pharmacodynamics.
Moran et al reported that, for patients with eosinophilic asthma, benralizumab reduced blood eosinophils in the first 24
hours faster than mepolizumab.38 The data indicated that benralizumab has greater efficacy for blood eosinophil
depletion, but the contribution to clinical outcomes for patients with ICEP is still unclear.

The present case series showed that anti-IL-5 agents had a beneficial effect for ICEP patients with frequent
recurrences. To confirm the validity of the present results, multicenter, prospective, controlled studies comparing ordinary
treatment to anti-IL-5 agents with a larger number of patients should be performed.

Conclusion
The present results show that relapse is frequent in ICEP patients during corticosteroid dose tapering, and this
dependence on corticosteroid induces corticosteroid-related adverse events. Anti-IL-5 agents might contribute to decreas-
ing ICEP relapses and avoiding corticosteroid-related adverse events.
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