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Case report: Successful use
of mepolizumab for immune
checkpoint inhibitors–induced
hypereosinophilic syndrome
in two patients with
solid malignancies
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Hypereosinophilic syndrome (HES) represents a group of blood disorders

characterized by an absolute eosinophil count (AEC) > 1.5 × 103/ml in the

peripheral blood, which eventually extravasate and cause organ damage. It can

be primary or secondary to infections or tumors. The infiltration of eosinophils in

tissue and organs is associated with different disorders and, in some cases, with

life-threatening manifestations. Albeit the pathogenesis of HES in patients with

solid tumo\rs is not yet clarified; recently, HES has also been described as an

immune-related adverse event in patients with solid tumors receiving immune

checkpoint inhibitors. Treatment of HES is still debated, especially in patients with

concomitant solid tumors, and different drugs including imatinib, hydroxyurea,

interferon-ɑ, glucocorticoids, and the monoclonal antibody targeting circulating

IL-5 mepolizumab have been proposed according to the underlying cause and the

severity of HES. Herein, we describe, for the first time, the successful use of

mepolizumab for the treatment of immune checkpoint–induced HES in two

patients with metastatic solid tumor.
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Introduction

Hypereosinophilic syndrome (HES) represents a group of blood

disorders, which are characterized by an absolute eosinophil count

(AEC) > 1.5 × 103/ml with evidence of eosinophil-related clinical

manifestations. HES can be either (1) primary in the setting of a clonal

myeloid or eosinophilic neoplasm (2); secondary (reactive) when

eosinophilic expansion is polyclonal, due to parasitic infections,

solid tumors, and T cell lymphoma; or (3) idiopathic when the

underlying cause remains unknown despite careful evaluation and

the exc lu s ion of spec ific syndromes as soc i a t ed wi th

hypereosinophilia, such as eosinophilic granulomatosis with

polyangitis and certain immunodeficiencies (1). Eosinophil

production, survival, and chemotaxis are controlled by different

cytokines, the most important being interleukin (IL)-5.

Additionally, eosinophils can amplify inflammatory processes,

recruiting more cells. Different organs can be affected. The most

commonly affected ones include skin, lungs, heart, and central

nervous system. Paraneoplastic HES in patients with solid tumors

has also been already reported.

We, herein, report two patients affected by solid tumors who

developed HES during the treatment with immune check point

inhibitor and who were successfully treated with the anti–IL-5

monoclonal antibody mepolizumab. We also provide an overview

of the literature focusing on the clinical data associated with HES and

the therapeutic strategies currently used for treating this condition.
Frontiers in Oncology 02
Case details 1

A 69-year-old former smoker patient was diagnosed with stage IV

lung adenocarcinoma with pleural lesions in 2016. Molecular analysis

revealed the presence of a mutation in the KRAS gene (Q61H),

associated with immunoreactivity for PD-L1 in more than 90% of

tumor population cells. Based on tumor’s molecular characteristics,

therapy with pembrolizumab was started with a partial response

lasting for 28 months, when tumor progressed on mediastinal lymph

nodes (Figure 1). To differentiate between nodal immune flare related

to pembrolizumab and tumor progression, the patient underwent

bronchial ultrasound transbronchial fine needle aspiration.

Cytological analysis identified the presence of cancer cells, and

chemotherapy with pemetrexed was added to pembrolizumab. The

computed tomography (CT) scan performed 2 months following the

beginning of therapy showed a partial response on lymph nodes with

the appearance of multiple bone lesions, as reported in Figure 2A, not

revealed by the bone scan (Figure 2B). Due to the inconsistency

between the CT scan and the bone scan, to confirm or exclude the

presence of bone metastases, the patient underwent a bone marrow

biopsy (BMB), which identified a small metastatic deposit of

adenocarcinoma consistent, by virtue of immunophenotypical

features (TTF-1+, CK+), with origin from the lung. Because the

patient was not symptomatic, she refused to start treatment with

docetaxel and was maintained on pembrolizumab in combination

with pemetrexed. After 10 months, routine blood tests revealed
FIGURE 1

PET scan at baseline showing the progression at mediastinal lymph nodes.
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thrombocytopenia (39,000/ml) associated with hypereosinophilia (7.6

× 109/L). Two days after patient developed dysarthria with a leftward

deviation of the lip. A brain magnetic resonance imaging (MRI)

showed the presence of ischemia in the right fronto-insular cortex

extending to the ipsilateral semioval center and corona radiata. No

stenosis of the craniocervical arteries at the angio-CT scan or cardiac

abnormalities at the echocardiography were identified. Based on these

findings, we concluded for a cerebral stroke in HES. To better define

the cause of thrombocytopenia, a second BMB was performed. At

BMB, a much prominent metastasis of adenocarcinoma (with the

same histopathological and immunophenotypical features),

embedded within prominent fibrosis (70% of biopsy volume) and

eosinophils (Figures 3A, B) was disclosed. Since the thorax abdomen

CT scan did not show disease progression, we suspected an immune

checkpoint inhibitor–induced HES. Unfortunately, patient’s

conditions rapidly worsened with further platelet decrease, raise of

inflammatory markers (CRP-170 mg/L, with normal < 6 mg/L;

procalcitonin 36 ng/ml, with normal range < 0,05 ng/ml), and the

development of sepsis. Prednisone at the dose of 25 mg was started.

Despite the reduction in the eosinophil count, no clear improvement

of patient’s conditions or platelet increase was observed. The IL-5

inhibitor mepolizumab at the dose of 100-mg subcutaneous was then

started after written-informed consent. At that time, platelet level was
Frontiers in Oncology 03
33,000/ml. Ten days after, the value increased to 57,000/ml, and then to
156,000/ml 1 month later. Repeated blood tests showed complete

resolution of eosinophilia, associated with a significant clinical

improvement. No additional dose of mepolizumab was administered.
Case details 2

A 64-year-old man was diagnosed with malignant pleural

mesothelioma in November 2019. In his medical history, he had a

diagnosis of mycosis fungoides in 2006 with no active treatment.

Following first-line chemotherapy, including carboplatin pemetrexed,

he underwent disease progression in September 2020 and a second-

line treatment with nivolumab plus ipilimumab was started. Therapy

was well tolerated with no significant adverse event. The positron

emission tomography (PET) scan showed a partial response. Since

July 2021, he developed hypereosinophilia (up to 8 × 109/L), as shown

in Figure 4. Moreover, the worsening of mycosis fungoides and the

onset of diarrhea G2 according to common terminology criteria for

adverse events (CTCAE) 4.0 were observed. Immunotherapy was

temporary discontinued, and prednisone at the dose of 25-mg daily

was started with rapid decrease in peripheral eosinophil count. At the

time of immune checkpoint re-challenge, the eosinophil count
A B

FIGURE 3

(A) Hematoxylin and eosin staining of adenocarcinoma of the lung, TTF1+ associated with fibrosis (70%); (B) Giemsa eosinophilic infiltrate, as indicated by
the arrows.
A B

FIGURE 2

(A) Computed tomography scan showing multiple bone lesions. (B) Bone scan showing no evidence of bone metastases.
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increased back to 4.2 × 109/L, with concomitant elevation in the level

of serum IgE (over 1500 IU/ml) and serum tryptase (16 ug/L) and

diarrhea worsening. Based on these findings, we diagnosed immune

checkpoint inhibitor–induced HES with colitis. Mepolizumab at the

dose of 300 mg was then started. Subsequent laboratory tests showed

a rapid decrease in the eosinophilic count, reaching 1 × 109/L 2 weeks

later. Immunotherapy was continued with no further adverse events

until tumor progression.
Discussion

HES is a rare disorder, difficult to diagnose, and characterized by

heterogeneous manifestations, including clinical and hematological

characteristics of myeloproliferative disease, such as splenomegaly,

anemia, and myelofibrosis.

Eosinophils are produced by the bone marrow under the

stimulation of IL-3, IL-5, and granulocyte/macrophage colony

stimulating factor (GM-CSF; 2). IL-5 is responsible for eosinophils

terminal differentiation, activation, and survival. Once eosinophils

migrate into tissues (3), they cause damage by generating oxidative

stress through eosinophil peroxidase (EPO), cytotoxic proteins,

including eosinophil cationic protein (ECP), eosinophil-derived

neurotoxin (EDN), or through the secretion of proteolytic enzymes.

Eosinophils release different cytokines, namely, IL-10, IL-14, IL-9, IL-

13, IL-25, IL-12, interferon (IFN)-g, tumor necrosis factor (TNF)-a,
IL-1b, IL-6, and IL-8, which are responsible for maintaining

homeostasis and immune regulation (4–7). As a consequence, the

accumulation of eosinophils in tissue might favor the development of

thrombosis, fibrosis, angiogenesis, tissue remodeling, platelet, and

endothelial cell activation (8–10).

Few data are available regarding HES in patients with solid

tumors, and the diagnosis of paraneoplastic HES is often one of

exclusion. HES has been observed in many solid tumor types, namely,

lung cancer, renal cell carcinoma, cervical cancer, gastrointestinal

cancer, testicular, and breast cancer. The pathogenesis of HES in the

setting of solid tumors is the subject of current research (11–13). Data

from literature showed a favorable prognostic role for eosinophilic

infiltration in some tumor types, namely, gastric cancer (14) and

colorectal tumor (15), and a correlation with poor prognosis (16), or

the presence of tumor recurrence (17) in other tumors.
Frontiers in Oncology 04
Generally, for patients with mild eosinophilia (0.5–1.5 × 109/L)

and without organ dysfunction, a watch-and-wait approach is

suggested. Glucocorticoids are used in those with idiopathic HES.

Alternatively, high dose of mepolizumab (300 mg every 4 weeks), a

monoclonal antibody targeting circulating IL-5, has proven to be

effective and well tolerated (18), thus allowing glucocorticoid sparing

effects in patients with frequent flare (19). Nonetheless, no data are

available in the subset of patients developing HES secondary to

immune checkpoint inhibitors.

The association of HES and immunotherapy is another aspect worth

investigating. To the best of our knowledge, few cases of HES induced by

immune checkpoint inhibitors have been published in the English

literature (20, 21). In one case, asymptomatic HES was noted during

therapy but improved following the temporary suspension of treatment.

Eosinophilia recurred following the continuation of therapy (22).

Another patient developed eosinophilic pneumonia, whereas

eosinophilic oesophagitis was described in a third patients. In all the

cases, a successfully treatment withmedium doses of steroids (prednisone

at the dose of 25 mg) was administered. Conversely, in one of our

patients, HES was associated with life-threatening manifestations, and an

unexpected deterioration of the clinical condition despite steroids, thus

prompting us to use the anti–IL-5 therapymepolizumab. Due to the poor

status of the patient and the sepsis, we did not use the standard dose of

300 mg of mepolizumab but a reduced dose of 100 mg.

To the best of our knowledge, the cases here reported represent

the first evidence of the successful use of mepolizumb in patients

developing HES under immune checkpoint inhibitors. Figure 4

summarizes the clinical history of both patients and the levels of

eosinophils before and following treatment with mepolizumab.
Conclusions

HES is a rare disorder that may occur as a paraneoplastic

syndrome. Recently, it has been described as an adverse event in

the course of treatment with immune checkpoint inhibitors. Steroids

do not represent the only option for the treatment of immune

checkpoint-related adverse events, especially in the case of steroid

refractory or relapsing adverse events (23, 24), as we have described in

our patients. Mepolizumab was effective for the management of

immune checkpoint inhibitor-related HES.
FIGURE 4

Timeline showing the clinical history of both patients.
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