
Respiratory Medicine Case Reports 49 (2024) 102035

Available online 30 April 2024
2213-0071/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents lists available at ScienceDirect

Respiratory Medicine Case Reports
journal homepage: www.elsevier.com/locate/rmcr

Case Report

Pembrolizumab-induced asthma exacerbation with
hypereosinophilia and elevated interleukin-5 in endometrial
cancer: A case report
Tomoya Harada 1, *, Naoki Uetani 1, Genki Inui 1, Hiroki Ishikawa 1,
Yoshihiro Funaki 1, Miki Takata 1, Ryota Okazaki 1, Kosuke Yamaguchi 1,
Masato Morita 1, Shin Kitatani 2, Akira Yamasaki 1

1 Division of Respiratory Medicine and Rheumatology, Faculty of Medicine, Tottori University, Tottori, Japan
2 Department of Respirology, Tottori Prefectural Kousei Hospital, Tottori, Japan

A R T I C L E  I N F O

Keywords:
Asthma
Eosinophil
Immune checkpoint inhibitor
Immune-related adverse events
Pembrolizumab

A B S T R A C T

Pembrolizumab is an anti-programmed cell death-1 (PD-1) antibody used to treat various cancer
types. Treatments with such immune checkpoint inhibitors cause immune-related adverse events.
However, airway inflammation caused by immune-related adverse events has rarely been re-
ported. A 54-year-old woman with endometrial cancer experienced asthma exacerbation, and in-
creased blood eosinophil counts 3 months after pembrolizumab administration. Although asthma
exacerbation improved, the resumption of pembrolizumab caused the recurrence of dry cough
and hypereosinophilia. The discontinuation of pembrolizumab improved her symptoms. Serum
interleukin-5 levels increased during pembrolizumab treatment but decreased upon discontinua-
tion. The blockade of PD-1 and its ligand may exacerbate asthma through eosinophilic inflamma-
tion.

Abbreviations

PD-1 Programmed cell death-1
PD-L1 Programmed cell death ligands 1
irAEs Immune-related adverse events
IL-4 Interleukin-5, IL-5
FEV1 Forced expiratory volume in 1 s
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CT Computed tomography
FeNO Fraction of exhaled nitric oxide
FF/VI Fluticasone furoate and vilanterol trifenatate
FP/FOR Fluticasone propionate/formoterol fumarate
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ILC2 Innate lymphoid cell

1. Introduction
Pembrolizumab is an anti-programmed cell death-1 (PD-1) antibody that inhibits PD-1 binding to programmed cell death ligands

1 (PD-L1) and PD-L2. In cancer cells, PD-L1 expression sends inhibitory signals that suppress T-cell activation through PD-1, allowing
tumor cells to evade the immune system. The anti-PD-1 antibody activates tumor-specific CD8+ T cells. Pembrolizumab is used to
treat several types of cancer. However, widespread immune activation, responsible for its anti-tumor activity, can also result in au-
toimmune phenomena called immune-related adverse events (irAEs) [1]. Immune-related eosinophil-induced organ damage is rare in
patients treated with anti-PD-1 antibodies against typical irAEs, including endocrine disorders, rashes, liver dysfunction, and intersti-
tial pneumonia. To the best of our knowledge, no study has measured the cytokine levels in cases of immune-related eosinophilia.

Herein, we report the case of a patient with endometrial cancer who experienced severe asthma exacerbation and severe
eosinophilia after pembrolizumab administration, which was attributed to elevated interleukin-4 (IL-4) and interleukin-5 (IL-5) lev-
els.

2. Case presentation
A 54-year-old woman with a history of asthma was diagnosed with endometrium cancer. The patient had no history of smoking.

She did not receive any medication for asthma because of the absence of symptoms. She had no asthma exacerbation in the previous
year or a history of intubation for asthma exacerbation. The initial stage of endometrial cancer was IIIC; therefore, the patient under-
went a hysterectomy but showed an invasion of the greater omentum and cardinal ligament. She experienced stump recurrence and
the development of distal metastasis of endometrial cancer to the lungs after 1 month. Although the patient was administered carbo-
platin and paclitaxel for endometrial cancer recurrence, the tumor enlarged. She was administered 200 mg pembrolizumab intra-
venously every 3 weeks.

After 3 months, she developed a dry cough accompanied by wheezing without upper respiratory infection symptoms. Five months
after receiving the first dose of pembrolizumab, the patient was referred to our department and was admitted because of asthma exac-
erbation. On admission, her body temperature was 36.8 °C, her blood pressure was 146/72 mmHg, her pulse rate was 110 beats/min,
and the oxygen saturation in the room air was 94 %. Her spirometry values at the time of admission were as follows: forced expiratory
volume in 1 s (FEV1), 1.36 L (54.6 % of predicted); forced vital capacity (FVC), 2.04 L (65.4 % of predicted); FEV1/FVC, 66.7 % (Fig.
1).

Chest computed tomography (CT) revealed bilateral linear shadows and thickened bronchial walls that had not been detected be-
fore pembrolizumab administration (Fig. 2). Laboratory findings revealed the white blood cell count was 6400/μL (neutrophils 2496/
μL, lymphocyte 640/μL, and eosinophil 2560/μL). The serum IgE level was 395 IU/mL, and the C-reactive protein level was 1.66 mg/
dL. Test results for antinuclear antibody and myeloperoxidase-antineutrophil cytoplasmic antibody were negative. The fraction of ex-
haled nitric oxide (FeNO) was 136 ppb (the normal range is <37 ppb).

Despite treatment with 40 mg methylprednisolone three times daily for 6 days, montelukast, inhalation of procaterol, intravenous
theophylline, and compound of fluticasone furoate (100 μg) and vilanterol trifenatate (25 μg) (FF/VI), her wheezing did not resolve.

Fig. 1. Pulmonary function was declined after pembrolizumab administration.
Flow volume curve (a) before pembrolizumab administration: FVC 2.94 L, %FVC 92.5 %, FEV1 2.45 L, %FEV1 96.5 %, FEV1/FVC 83.3 % and (b) five months after pem-
brolizumab administration: FVC 2.04 L, %FVC 65.4 %, FEV1 1.36 L, %FEV1 54.6 %, FEV1/FVC 66.7%
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s.
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Fig. 2. Chest CT showed bilateral linear shadows and thickened bronchial walls after pembrolizumab administration.
Chest CT scans (a) before pembrolizumab administration and (b) five months after pembrolizumab administration.
CT, computed tomography.

After switching from methylprednisolone to 4 mg betamethasone twice daily and FF/VI, the dry powder inhaler, to fluticasone propi-
onate/formoterol fumarate (FP/FOR), a pressurized metered-dose inhaler, gradually improved and resolved by day 14. Betametha-
sone was discontinued on day 14.

Before pembrolizumab administration, she did not have eosinophilia or obstructive ventilatory impairment; however, her blood
eosinophil count gradually increased (Fig. 3), and she developed obstructive ventilatory impairment during treatment. Two weeks af-
ter discharge from our hospital, she resumed pembrolizumab treatment, which resulted in the recurrence of hypereosinophilia and
dry cough three weeks after the resumption of pembrolizumab. She discontinued pembrolizumab owing to the progression of en-
dometrial cancer, leading to a gradual decrease in blood eosinophil count and improvement of her severe cough, after which she con-
tinued to receive only FF/VI and did not experience a relapse of cough or wheezing.

Fig. 3. Eosinophil counts and clinical presentation after starting pembrolizumab.
IVGC, intravenous glucocorticoid; ICS/LABA, inhaled corticosteroid/long-acting beta-agonist.
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Due to the patient's development of hypereosinophilia during pembrolizumab administration, we measured the levels of IL-4, IL-5,
FeNO, and IgE after resuming pembrolizumab. After pembrolizumab resumption, the level of IL-4 was 11.0 pg/mL (normal range is
<6.0 pg/mL), IL-5 was 11 pg/mL (normal range is under 4 pg/mL), FeNO was 48 ppb, IgE was 410 IU/mL, and eosinophil count was
2208/μL. Her asthma therapy remained unchanged after the resumption and discontinuation of pembrolizumab. Nevertheless, the
level of IL-5 and eosinophil count was markedly decreased to <4 pg/mL and 390/μL, while that of IL-4 was slightly increased to 16.1
pg/mL, FeNO was slightly decreased to 38 ppb, and IgE was not changed (412 IU/mL) (Table 1).

3. Discussion
Herein, we report a case of asthma exacerbation after pembrolizumab treatment, which resulted in elevated levels of IL-4 and IL-5

following pembrolizumab administration. Asthma is a chronic inflammatory disease of the airways characterized by airflow obstruc-
tion and airway hyperresponsiveness. Although the pathogenesis of asthma is heterogeneous and complex, eosinophilic inflammation
remains the primary pathological condition. In some cases, asthma develops as an irAE caused by anti-PD-1/PD-L1 antibodies [2–4].
These patients presented with peripheral eosinophilia and elevated FeNO levels similar to those observed in our case (Table 2).

Peripheral hypereosinophilia damages the airways and systemic organs, including the skin, lungs, kidneys, heart, and peripheral
nerves. Cases of anti-PD-1/PD-L1 antibody-induced allergic diseases with eosinophilia, other than asthma, have been reported.
Eosinophilic granulomatosis with polyangiitis induced by nivolumab [5], and allergic bronchopulmonary aspergillosis caused by
pembrolizumab [6] are reported. Thirty-three cases of hypereosinophilic syndrome induced by immune checkpoint inhibitors have
been described [7], of which 21 had eosinophil-related manifestations and four had eosinophilic pneumonia or bronchiolitis. Corti-
costeroids were effective in all cases. However, 12 of 37 patients exhibited no eosinophil-related organ damage, suggesting that
eosinophilia induced by anti-PD-1/PD-L1 antibodies does not always cause organ damage. A 2.8 % prevalence of immune-related
blood eosinophilia has been reported in patients treated with anti-PD1 or anti-PD-L1 drugs, with or without organ damage [8].

However, the relationship between asthma and PD-L1/PD-L2 expression in murine models of asthma remains controversial. The
severity of airway hyperreactivity and inflammation was significantly greater in PD-L2−/− mice (this means the knockout mouse that
specifically deletes the gene expressing PD-L2) than in wild-type mice (This means mice without genetic modification), whereas the
airway hyperreactivity was reduced in PD-L1−/− mice [9]. In addition, the severity of asthma is greatly enhanced in the absence of
PD-L2 and PD-L1 deficiency causing reduced airway hyperresponsiveness [10]. Conversely, the PD-1/PD-L1 blockade enhances air-
way hyperreactivity [11], and low PD-1 expression and circulating CD4+ T cells have been associated with high total and specific IgE
concentrations in human allergic asthma [12]. As mentioned above, the association between asthma and PD-1/PD-L1 expression re-
mains controversial. In contrast, histological analysis of pembrolizumab-induced asthma exacerbation and tracheobronchitis showed
airway inflammation characterized by the infiltration of CD8+ lymphocytes which are reactivated by immune checkpoint inhibitors
[13,14]. This suggests that immune reactivation by immune checkpoint inhibitors affects the airways.

An association between PD-1 and innate lymphoid cells (ILC2) in a humanized mouse model [15], suggests that PD-1 limits the vi-
ability of ILC2 and downregulates their effector functions. ILC2s are activated by IL-25 and IL-33, and activated ILC2s produce large

Table 1
Pulmonary function and laboratory findings before, during, after, and at the time of resumption of pembrolizumab therapy.

Before pembrolizumab therapy During pembrolizumab therapy Resumption of pembrolizumab therapy After pembrolizumab therapy

Eosinophil counts 52/μL 2.560/μL 2.208/μL 390/μL
FEV1 2.45 L 1.36 L NE NE
% predicted FEV1 96.5 % 54.6 % NE NE
FVC 2.94 L 2.04 L NE NE
% predicted FVC 92.5 % 65.4 % NE NE
FEV1/FVC 83.3 % 66.7 % NE NE
FeNO NE 136 ppb 48 ppb 38 ppb
IgE NE 395 IU/mL 410 IIU/mL 412 IU/mL
IL-4 NE NE 11.0 pg/mL 16.1 pg/mL
IL-5 NE NE 11 pg/mL <4 pg/mL

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FeNO, fraction of exhaled nitric oxide; NE, not evaluated.

Table 2
Case series of previously reported asthma exacerbation induced by immune checkpoint inhibitors.

Case 12) Case 22) Case 33) Case 44) Present case

ICI Durvalumab Durvalumab Pembrolizumab Nivolumab Pembrolizumab
Type of cancer NSCLC NSCLC Bladder cancer NSCLC Endometrial cancer
Eosinophil count About 500/μL NE 1.920/μL 814/μL 2560/μL
FeNO NE 39.1 ppb 131 ppb 113 ppb 136 ppb
IgE NE NE 291 IU/mL 863 IU/mL 395 IU/mL
Continuation of ICI continued continued continued continued discontinued
Outcome of asthma improved improved improved improved improved

ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; FeNO, fraction of exhaled nitric oxide; NE, not evaluated.
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amounts of IL-5 and IL-13. IL-5 is a crucial hematopoietic cytokine that induces differentiation, maturation, migration, and activation
of eosinophils. Since a relationship between eosinophil count and severe asthma exacerbation or overall asthma control has been re-
ported [16], IL-5 is closely related to asthma control. In this case, we observed increased IL-5 levels during pembrolizumab adminis-
tration but decreased promptly after the discontinuation of pembrolizumab. This suggests that pembrolizumab-induced asthma exac-
erbation might be due to increased eosinophil levels through the increased production of IL-5 by activated ILC2s. Although the pa-
tient was treated with inhaled glucocorticoid/long-acting beta-agonist, leukotriene receptor antagonist, and theophylline, the symp-
toms relapsed. Because the eosinophil levels were higher than those in previous cases, more aggressive treatment might have been re-
quired to suppress eosinophilic inflammation. Inhibition of IL-5 could be a therapeutic strategy in this case; however, eosinophils are
a source of antitumorigenic molecules. Eosinophils have demonstrated antitumor effect in several cancers but have also been linked
to poor prognosis [17]. The role of eosinophils in tumors remains controversial.

In the present case, we observed improvement in asthma control after switching from FF/VI to FP/FOR. Pressurized metered-dose
inhalers have a smaller particle size and reach drug aerosols in the peripheral airways than dry powder inhaler [18]. Since small air-
way dysfunction is associated with worse asthma control, increased exacerbation rates, and more severe bronchial hyperresponsive-
ness [19], switching to pressurized metered-dose inhalers may enhance asthma control.

4. Conclusions
Here, we describe a case of pembrolizumab-induced peripheral eosinophilia and asthma exacerbation in a patient with endome-

trial cancer. The increase in serum IL-5 levels during pembrolizumab administration reflected the mechanism of allergic inflamma-
tion following PD-1 blockade therapy. Although the antitumor effects of eosinophils should be noted, the inhibition of IL-5, such as
with mepolizumab and benralizumab could be a potential therapeutic strategy for managing asthma exacerbation during pem-
brolizumab therapy for cancer.

Take home message.
● Blockade of PD-1/PD-L1 potentially induces eosinophilic inflammation and asthma exacerbation.
● Elevated serum IL-5 levels are the mechanism underlying immune-related eosinophilia and asthma exacerbation after PD-1

blockade.
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