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Successful management of severe bronchial asthma exacerbated
by anti-PD-L1 treatment: A report of two cases
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Abstract
Immune checkpoint inhibitors (ICIs) have been used for various carcinomas. How-
ever, immune-related adverse events have been observed. There have been few reports
of treatment with biologics for severe bronchial asthma induced by ICI; therefore,
their efficacy is unknown. We report two cases of severe bronchial asthma requiring
systemic steroid administration while using anti-programmed death-ligand 1 (PD-L1)
antibody for advanced non-small-cell lung cancer. The anti-interleukin-5 antibody,
mepolizumab, was introduced, resulting in the discontinuation of systemic predniso-
lone and good asthma control. These reports suggest that treatment with biologics
may be effective in severe cases of poorly controlled bronchial asthma during ICI
therapy.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have been used for
various carcinomas and have become the mainstay of che-
motherapy. Anti-programmed death-1 (PD-1) protein and
anti-programmed death-ligand 1 (PD-L1) antibodies acti-
vate anti-tumour immunity by inhibiting the binding of
PD-L1 of tumour cells to PD-1 of immunocytes.1 However,
various immune-related adverse events (irAEs) are observed.
Among them, eosinophil-induced irAEs are rare, accounting
for about 2.9%–3.3%.2,3 Only a few cases of bronchial
asthma development and severity have been reported as
allergy-related irAE associated with ICI.4–7 The current
understanding of these irAEs is limited given the limited
availability of cases.

Steroids are the main treatment for irAE and do not
influence the prognosis of lung cancer.8 Management of
irAE with appropriate steroid administration is also nec-
essary to allow the ICI treatment to continue.9 On the
other hand, in recent years, it has been reported that in
patients with asthma, the risk of side effects such as osteo-
porosis, hypertension and gastrointestinal ulcers increases
as the frequency of steroid administration increases, even

if the administration is short term.10 Mepolizumab, an
anti-human interleukin-5 (IL-5) antibody, is effective
against severe bronchial asthma, reducing the use of
steroids and suppressing asthma exacerbations.11,12

Mepolizumab is also approved for eosinophilic granulo-
matosis with polyangiitis (EGPA) and severe paediatric
bronchial asthma.13,14 In severe bronchial asthma, discon-
tinuation of treatment with mepolizumab significantly
increases exacerbations and worsens asthma control;
thus, its continuation is advisable whenever possible.15

Mepolizumab inhibits the eosinophil proliferative effect
of IL-5 by specifically binding to IL-5 and inhibiting its
binding to the IL-5 receptor alpha chain expressed on
the cell surface of eosinophils. There have been few
reports of treatment with mepolizumab for severe bron-
chial asthma induced by ICI5 and its efficacy is still
unknown.

We report two cases of severe bronchial asthma requir-
ing systemic steroid administration while using anti-PD-L1
antibody for advanced non-small cell lung cancer. In each
case, mepolizumab was introduced, resulting in discontinua-
tion of systemic prednisolone (PSL) and good control of
asthma.
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CASE REPORT

Case 1

The patient was a 70-year-old man with a 10 pack-year his-
tory of smoking. He had a history of allergic rhinitis and
bronchial asthma, but his symptoms were stable without use
of inhaled corticosteroids (ICS). He was diagnosed with
squamous cell carcinoma of the lung cT4N3M1a stage IVA.
The epidermal growth factor receptor mutation was
negative, with PD-L1 < 1%, and he received two courses of
cisplatin (60 mg/m2, day 1) and tegafur/gimeracil/oteracil
(TS-1) (120 mg/body, days 1–14) as the first-line treatment.
No granulocyte colony-stimulating factor (GCSF) drugs
were used during the initial chemotherapy course, and the
eosinophil count did not exceed 300. The primary tumour
was enlarged, and the diagnostic evaluation was progressive
disease (PD). Atezolizumab, an anti-PD-L1 antibody
(1500 mg/body, every 3 weeks), was started as the second-
line therapy. The tumour shrank, and the best effect was a
partial response (PR). However, from the 19th course, daily
coughing, wheezing and nocturnal symptoms appeared;
therefore, fluticasone furanecarboxylate (200 μg)/
umeclidinium bromide (62.5 μg)/vilanterol (25 μg) and a
leukotriene receptor antagonist (LTRA) were administered.
However, the eosinophil count, which had been elevated
before treatment (Figure 1), rose further (from approxi-
mately 580 to 710), and 30 mg PSL was administered fre-
quently as a burst dose and continuous PSL was required.
Respiratory function tests showed forced expiratory volume in
1s (FEV1) of 1.59 L, FEV1/forced vital capacity (FVC) of
64.37% and fractional exhaled nitric oxide (FeNO) of 78 ppb
(normal range: 15–37 ppb). After a diagnosis of severe asthma

and initiation of mepolizumab (100 mg/body, every 4 weeks),
these symptoms resolved. At the fourth dose, the symptoms
were almost completely resolved and the respiratory function
tests showed FEV1 of 1.88 L, FEV1/FVC of 54.49% and FeNO
of 25 ppb. Atezolizumab was continued with mepolizumab
until the 30th course of PD and is ongoing.

Case 2

The patient was a 65-year-old man with a 15 pack-year his-
tory of smoking. He had a history of diabetes mellitus and
bronchial asthma, which were well controlled with oral hyp-
oglycaemic agents (linagliptin 5 mg) and low doses of
budesonide (320 μg)/formoterol (9 μg). He was diagnosed
with squamous cell carcinoma of the lung cT4N1M0 stage
IIIA, with PD-L1 1%, and underwent chemoradiotherapy.
Chemotherapy consisted of cisplatin (day 1) and TS-1 (days
1–14) every 4 weeks for 2 cycles. Once-daily thoracic radio-
therapy was administered at a total dose of 60 Gy, 5 days a
week, in 30 fractions. No GCSF agents were used during
chemoradiation therapy, and the eosinophil count never
exceeded 300. As the treatment effect was PR, durvalumab
was then administered as maintenance therapy. After the
start of durvalumab, the number of eosinophils in the
peripheral blood gradually increased from 50 to approxi-
mately 300 (Figure 2), and the patient experienced asthma
flare-up in the ninth course. Daily oral steroids (PSL
10 mg/day) were administered, ICS was increased to a
higher dose of budesonide (960 μg)/formoterol (27 μg) and
tiotropium and an LTRA were added. Despite this, asthma
control was inadequate, and the steroids elevated blood
glucose levels to 400 mg/dl. Oral steroids reduced the

F I G U R E 1 Clinical course of case 1. Triple therapy and PSL administered with Atezo from course 19 show no significant improvement. Mepo was
additionally administered with Atezo from course 24, with an immediate response. Atezo, atezolizumab; FF/VI/UMEC, fluticasone furanecarboxylate,
vilanterol, umeclidinium; Mepo, mepolizumab; PSL, prednisolone
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eosinophil levels, but symptoms persisted. The patient was
diagnosed with severe bronchial asthma and started on
mepolizumab in the 11th course. Before starting mepolizumab,
respiratory function tests showed FEV1 of 1.44 L, FEV1/FVC
of 50.17% and FeNO of 47 ppb. Asthma control improved
from the second dose of mepolizumab, and respiratory func-
tion tests at the fourth dose of mepolizumab showed FEV1 of
1.57 L, FEV1/FVC of 43.85% and FeNO of 16 ppb. At the
third dose of mepolizumab, oral steroids could be discon-
tinued, and blood glucose levels stabilized between
100 and 150 mg/dl. He completed the durvalumab main-
tenance therapy while continuing with mepolizumab. For
the past year, there has been no tumour recurrence or
asthma exacerbation.

DISCUSSION

We encountered two cases of severe bronchial asthma,
requiring systemic steroids, that was induced by anti-PD-L1
antibody treatment in lung cancer patients with a history of
bronchial asthma. We achieved good control of bronchial
asthma symptoms by using an anti-IL-5 antibody and were
able to discontinue systemic steroids and continue ICIs.

In the KEYNOTE-002, 006, 010, 024, 041, 042, 045,
048, 054, 087, 158, 164 (Cohort A), 177, 181, 189, 355,
407 and 426 trials, bronchial asthma as an adverse drug
reaction was observed in two of 5339 patients and there
were no serious cases (Reference from the drug interview
form for pembrolizumab in Japan). Bronchial asthma is
thus a very rare side effect of the use of ICIs. Nevertheless,
similar to the cases presented, there are several reports
of bronchial asthma onset and exacerbation during the
use of ICIs.4–7 The relationship between PD-1 and

PD-L1/PD-L2 in bronchial asthma has been reported
recently, and airway hyperresponsiveness is increased
when anti-PD-1 and anti-PD-L1 antibodies are adminis-
tered to mice.16 In addition, there is a negative correlation
between PD-1 expression on CD4-positive T cells and
total IgE levels and specific IgE antibodies in asthma
patients.17 In other allergic diseases, induction of PD-L1
in B cells of patients with cedar pollinosis suppresses the
production of IL-5 and IL-13 in CD4-positive T cells.18 In
patients with allergic rhinitis, there is a negative correla-
tion between the amount of soluble PD-L1 and the
peripheral blood eosinophil count and the severity of
allergic rhinitis.19 Although the mechanism of severe
bronchial asthma during ICI use has not been elucidated,
it might be speculated that the exacerbation of bronchial
asthma, in this case, was mediated by enhancement of
Th2-type inflammation by the anti-PD-L1 antibody.

On the other hand, eosinophils are also components
of the tumour immune microenvironment. They are a
source of anti-tumour (e.g., tumour necrosis factor-alpha)
and pro-tumour (e.g., vascular endothelial growth factor)
molecules. Eosinophils play an anti-tumour role in some
neoplasms (e.g., melanoma, gastric cancer and colorectal
cancer), whereas they are associated with poor prognosis
in others (e.g., diffuse large B-cell lymphoma and lung
adenocarcinoma).20 In addition, a retrospective study
reported that eosinophilia during the use of ICIs corre-
lates with treatment response.21 In the same study, when
ICIs were used for solid tumours, including non-small cell
lung cancer, 22% of the patients developed hyper-
eosinophilia >500/μl. The higher the eosinophil count, the
better the disease control, but also greater the chance of
developing toxicity. Thus, eosinophils might be closely
related to tumour immunity, and it is unclear whether

F I G U R E 2 Clinical course of case 2. High-dose corticosteroid/beta-agonist/muscarinic antagonist was supplemented with Mepo to produce the desired
response. BUD/FM, budesonide, formoterol; Durva, durvalumab; Mepo, mepolizumab; PSL, prednisolone; TIO, tiotropium
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extreme reduction in eosinophils by biologics will exacer-
bate tumours; therefore, biologics should be administered
with caution. Based on this perspective, we used anti-IL-5
rather than anti-IL-5αR antibodies, which reduce the
eosinophil count to zero by antibody-dependent cellular
cytotoxicity activity, for the present cases.

In bronchial asthma, exacerbations increase the
decline in FEV1 over time,22 and systemic steroid use
increases the frequency of complications.10 Mepolizumab,
one of the available biologic agents for use in severe bron-
chial asthma, decreases the incidence of exacerbations
and reduces steroid use.11,12 The administration of a bio-
logic for severe asthma with ICI has been previously
reported to be successful in the treatment of EGPA that
developed during treatment with nivolumab, an anti-
PD-1 antibody.6 This case also had a different immune
status from the usual severe bronchial asthma due to ICIs,
but the biologic was effective. In the present cases,
mepolizumab was effective; however, other biologics that
suppress Th2-type inflammation, such as benralizumab
and dupilumab, may have also been effective. It will be
necessary to continue to accumulate case information to
investigate the therapeutic effects of all biologics for the
treatment of eosinophil-induced irAE.

In conclusion, two patients with severe bronchial asthma
caused by ICI were treated with mepolizumab and their
asthma symptoms improved. Treatment with biologics may be
effective in severe cases of poorly controlled bronchial asthma
during ICI therapy. We have reported these adverse events to
the pharmaceutical companies for pharmacovigilance
purposes.
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