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Abstract. Background/Aim: To clarify the
significance of the absolute increase in the number and

clinical

proportion of peripheral eosinophils associated with immune
checkpoint inhibitor (ICPI) treatment in non-small cell lung
cancer (NSCLC) patients. Patients and Methods: We
performed a retrospective study, by reviewing the medical
charts of 191 patients who were treated with ICPI
monotherapy and 80 patients treated with the combination
of ICPI and chemotherapy during the period from February
2016 and April 2021. Results: In patients treated with ICPI
monotherapy, there was a significant difference in time to
treatment failure (TTF) between the two groups divided by
eosinophils = or <10%. Similarly, a significant difference
was found in TTF between the two groups divided by
eosinophils = or <1,500/ul. Factors related to both an
increase in the number and percentage of peripheral
eosinophils were "immune-related adverse effects (irAE) that
did not lead to discontinuation of administration".
Conclusion: Some patients with irAE might have a
'favorable' absolute increase in peripheral eosinophils.
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The advent of immune checkpoint inhibitors (ICPIs), which can
significantly ~contribute to prolonging survival, has
revolutionized the treatment of advanced non-small cell lung
cancer (NSCLC) (1, 2). However, researches on biomarkers of
ICPIs that can predict therapeutic efficacy and duration of
response have been delayed, and there is insufficient
information on the selection of patients who will benefit from
the treatment. Currently, programmed cell death-ligand 1 (PD-
L1) is used to predict the therapeutic effect of ICPIs. However,
this indicator is not sufficient for assaying therapeutic efficacy
(3, 4). Therefore, research has focused on the identification of
novel biomarkers and the predictive role of changes in
peripheral blood cells has been examined (5-18). In most of the
patients treated with ICPI, the fluctuation of peripheral
eosinophils seemed to be relative to other leukocyte components
(5,7,9, 15, 16). The role of eosinophils in cancer immunity is
still under investigation (17-22). Furthermore, the biological and
clinical significance of the increase in the absolute number and
proportion of peripheral eosinophils with ICPI therapy is
unknown. Although very rare, however, in clinical practice,
there are patients who develop a significant increase in the
absolute number and proportion of peripheral eosinophils with
ICPI therapy. The response to ICPI treatment in these patients
is also unclear. A retrospective study was conducted with the
aim of clarifying the presence of these patients and their
response to ICPI treatment. There are several definitions of
eosinophilia (23-25). However, there is no definition of the
absolute increase in the number and proportion of peripheral
eosinophils in ICPI treatment. In our previous study using the
receiver operation curve analysis, 5% was an appropriate cutoff
value (26). The absolute increase in the proportion of peripheral
eosinophils in this study was set at 10%, which indicated twice
the cutoff value determined in our previous study. With regard
to the absolute increase in the number of peripheral eosinophils,
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Table 1. Characteristics of 190 NSCLC patients treated with ICPI monotherapy and those of 80 patients treated with the combination of ICPI and

chemotherapy.

ICPI monotherapy

Combination therapy of ICPI
and chemotherapy

No. of patients

Age, median (range), years
Gender, female/male

PS (ECOG), 0-1/2-
Pathology, AD/others
Stage, IITA-C/IVA-B
Driver genes, —/+

PD-L1, 225%: <25%

ICPI, P/A/N/D/N+Ipi
Response, CR/PR/SD/PD
irAE excluding discontinuation of ICPI, +/—
TTF median (range), weeks
Treatment ongoing

190 80
68 (29-87) 69 (29-80)
40/150 20/60
162/28 78/2
122/68 49/31
53/137 16/64
171/19 6/74
72/118 19/61
59/26/105/0/0 62/11/0/6/1
5/57/70/58 0/48/26/6
25/165 11/69
12 (3-217) 23 (9-93)
23 26

A: Atezolizumab; AD: adenocarcinoma; CR: complete response; D: durvalumab; ECOG: Eastern Cooperative Oncology Group; ICPI: immune
checkpoint inhibitor; Ipi: ipilimumab; irAE: immune-related adverse event; N: nivolumab; NSCLC: non-small cell lung cancer; P: pembrolizumab;
PD: progressive disease; PD-L1: programmed death-ligand-1; PR: partial response; PS: performance status; SD: stable disease; SQ: squamous cell

carcinoma; TTF: time-to-treatment failure.

we set 1500/ul as cutoff value with reference to the diagnostic
criteria for hypereosinophilic syndrome (25).

Patients and Methods

Patients. We analyzed the medical records of all patients diagnosed
with NSCLC in three tertiary hospitals in Japan (Mito Medical
Center, University of Tsukuba—Mito Kyodo General Hospital,
Ryugasaki Saiseikai Hospital, and Tsukuba University Hospital)
between February 2016 and April 2021. Patients with NSCLC
treated with ICPI monotherapy or combination of ICPI and
chemotherapy during this period were included. NSCLC was
diagnosed based on the World Health Organization classification.
Tumor node metastasis staging (TNM Classification, 8th Edition)
was performed in all patients prior to ICPI therapy initiation using
head computed tomography or magnetic resonance imaging, bone
scans, and ultrasonography and/or computed tomography of the
abdomen. Patients with the following comorbidities and with a
history of treatment for these conditions were excluded; parasitic
infestations, allergic diseases, auto immune diseases and hematologic
malignancies. Patients with chronic obstructive pulmonary disease
and those with bronchial asthma and chronic obstructive pulmonary
disease overlap requiring systemic steroid use were also excluded.
Particular attention was paid to adrenal insufficiency as an immune
related adverse event (irAE). Patients who developed eosinophilia
associated with adrenal insufficiency as an irAE were excluded from
this study. Patient demographic data, including age, sex, Eastern
Cooperative Oncology Group score for performance status (PS),
histopathology, disease stage, PD-L1 expression, objective tumor
response, and survival, were obtained from the patients’ medical
charts. Tumor response was evaluated as complete response, partial
response, stable disease, or progressive disease according to the
Response Evaluation Criteria in Solid Tumors (Version 1.1).
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Peripheral eosinophil count and percentage measurement. Eosinophil
counts and percentages were measured at the same time as complete
blood count measurements before and during ICPI therapy. Results
were obtained from the medical records of each patient. Counts for
leukocyte subpopulations were measured by routine clinical
laboratory analysis using a Sysmex XN 3000 analyzer (Sysmex Co.,
Ltd. Kobe, Japan). With reference to previous studies (25, 26), the
cut-off value for the absolute increase in proportion of peripheral
eosinophils was set to 10%. The absolute increase in the number of
peripheral eosinophils was set to 1500/pl or more.

Statistical analysis. The %2 test was used to compare nominal
variables. We used the nonparametric Mann—Whitney test to compare
values with unknown population variance. By univariate analysis, we
investigated the association between patient background factors
(gender, PS, age, pathology, stage, driver genes, PD-L1, and irAE) and
time to treatment failure (TTF). We adopted the definition of TTF that
is commonly used in cancer treatment; the interval from initiation of
therapy with ICPIs to treatment discontinuation or the last follow up
visit. TTF was estimated by the Kaplan—-Meier method and compared
using the log rank test. Logistic regression analysis was used for
statistical analysis. ‘Eosinophils=10%’ or ‘eosinophils =1,500/ul” was
selected as the objective variable and the other background factors
were considered as independent variables. p-Values less than 0.05 were
considered as statistically significant. All statistical analyses were
conducted using SPSS version 23 (IBM Corporation, Armonk, NY,
USA). A p-value less than 0.05 was considered significant.

Ethics. This study conformed to the Ethical Guidelines for Clinical
Studies issued by the Ministry of Health, Labor, and Welfare of Japan.
Written informed consent for a non-interventional retrospective study
was obtained from each patient. The analysis of the medical records
of patients with lung cancer was approved by the ethics committee of
Mito Medical Center—University of Tsukuba Hospital (NO 20-57).
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Table II. Comparison of patient backgrounds according to peripheral eosinophils of 10% or more.

190 patients treated with ICPI monotherapy

80 patients treated with the combination of ICPI and chemotherapy

Observed Not observed p-Value Observed Not observed p-Value
Number of patients 21 169 Number of patients 14 66
Gender, female/male 2/19 38/131 0.1694 Gender, female/male 3/11 17/49 0.7340
PS (ECOG), 0-1/=<2 20/1 141/28 0.1560 PS (ECOQG), 0-1/=2 14/0 64/2 0.5095
Age (years), <70/<70 13/8 92/77 0.5163 Age (years), <70/<70 8/6 36/30 0.8592
Pathology, AD/others 14/7 108/61 0.8034 Pathology, AD/others 8/6 31/25 0.7284
Stage, IIIA-C/VIA-B 5/16 48/121 0.6581 Stage, IIIA-C/VIA-B 3/11 13/53 0.8830
Driver genes, —/+ 20/1 151/18 0.3962 Driver genes, —/+ 14/0 60/6 0.2408
PD-L1, <25%/<25% 6/15 66/103 0.3504 PD-L1, <25%/<25% 2/12 17/49 0.3596

AD: Adenocarcinoma; ECOG: Eastern Cooperative Oncology Group; ICPI: immune checkpoint inhibitor; PD-L1: programmed death-ligand-1; PS:

performance status.

Table III. Comparison of patient backgrounds according to peripheral eosinophils of 1,500 ul or more.

190 patients treated ICPI monotherapy

80 patients treated with the combination of ICPI and chemotherapy

Observed Not observed p-Value Observed Not observed p-Value
Number of patients 8 182 Number of patients 3 71
Gender, female/male 1/7 39/143 0.5543 Gender, female/male 172 19/58 0.7340
PS (ECOG), 0-1/=<2 8/0 153/29 0.2200 PS (ECOG), 0-1/=<2 3/0 72/2 0.7774
Age (years), <70/<70 4/4 101/81 0.7597 Age (years), <70/<70 2/1 42/35 0.6789
Pathology, AD/others 4/4 118/64 0.3916 Pathology, AD/others 12 48/29 0.3117
Stage, IIIA-C/VIA-B 2/6 51/131 0.8520 Stage, IIIA-C/VIA-B 12 15/62 0.5562
Driver genes, —/+ 8/0 163/19 0.3354 Driver genes, —/+ 3/0 71/6 0.6152
PD-L1, <25%/<25% 3/5 69/113 0.9812 PD-L1, <25%/<25% 0/3 19/58 0.3245

AD: Adenocarcinoma; ECOG: Eastern Cooperative Oncology Group; ICPI:

performance status.

Results

Characteristics of patients. Table I and Table II show the
characteristics of patients treated with ICPI monotherapy
and those of patients treated with the combination of ICPI
and chemotherapy. In 190 patients treated with ICPI
monotherapy, 8 (4.2%) had eosinophils =10% and 30
(15.8%) had eosinophils =1,500/ul. Median (range) of TTF
in these patients were 30 weeks (median=6-217 weeks)
and 75 weeks (range=35-217 weeks), respectively. In 80
patients treated with the combination of ICPI and
chemotherapy, 3 (3.8%) had eosinophils =10% and 14
(17.5%) had eosinophils =1,500/ul. Median (range=35-217
weeks) of TTF in these patients were 30 weeks
(median=24-75 weeks) and 36 weeks (range=6-75 weeks),
respectively.

Table III and Table IV show the comparison of patients’
eosinophils = or <10%, and that of eosinophils = or
<1,500/wl in both treatment groups. There were no statistical

immune checkpoint inhibitor; PD-L1: programmed death-ligand-1; PS:

ly significant differences in patient background factors
before treatment in both treatment groups.

TTF in patients with eosinophils =10% and those with
eosinophils =1,500/ul. In patients treated with ICPI
monotherapy, there was a significant difference in TTF
between the two groups divided by eosinophils = or <10%
(p=0.0038). Similarly, a significant difference was found in
TTF between the two groups divided by eosinophils = or
<1,500/wl  (p=0.0023). In patients treated with the
combination of ICPI and chemotherapy, there was no
significant difference in TTF between the two groups divided
by eosinophils = or <10% (p=0.2740). No significant
difference was found in TTF between the two groups divided
by eosinophils = or <1,500/ul (p=0.7574).

Factors associated with eosinophils = 10% and eosinophils

>1500/ul. Table IV and Table V show the results of logistic
regression analysis in patients treated with ICPI
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Table IV. Logistic regression analysis for eosinophils of 10% or more.

190 patients treated with ICPI monotherapy

80 patients treated with the combination of ICPI and chemotherapy

Odds ratio 95%CI p-Value Odds ratio 95%CI p-Value
Gender, female 0.42 0.85-64.1 0.237 Gender, female 0.85 0.24-5.76 0.846
PS (ECOG), 0-1 393 0.09-1.90 0.198 PS (ECOG), 0-1 0.99 0->100 0.988
Age (years), <70 1.23 0.46-3.27 0.677 Age (years), <70 0.31 0.48-9.62 0314
Pathology, Adenocarcinoma  1.40 0.49-4.01 0.534 Pathology, Adenocarcinoma 0.68 0.17-3.17 0.682
Stage, IIIA-C 0.75 0.25-2.28 0.617 Stage, IIIA-C 0.55 0.33-8.09 0.548
Driver genes, absent 2.53 0.28-22.8 0.408 Driver genes, absent 0.98 0->100 0.979
PD-L1, <25% 0.54 0.19-1.53 0.246 PD-L1, <25% 0.72 0.28-6.45 0.716
irAE, present 3.62 1.14-11.5 0.029 irAE, present 0.47 0.04-4.19 0.468

CI: Confidence interval; ECOG: Eastern Cooperative Oncology Group; ICPI: immune checkpoint inhibitor; irAE: immune-related adverse event;

PD-L1: programmed death-ligand-1: PS: performance status.

Table V. Logistic regression analysis for eosinophils of 1,500 ul or more.

190 patients treated with ICPI monotherapy

80 patients treated with the combination of ICPI and chemotherapy

Odds ratio 95%CI p-Value Odds ratio 95%CI p-Value
Gender, female 0.88 0.87-8.79 0910 Gender, female 0.760 0.03-11.8 0.738
PS (ECOG), 0-1 100> 0->100 0.981 PS (ECOG), 0-1 0.49 0->10 0.999
Age (years), <70 0.71 0.14-3.50 0.673 Age (years), <70 2.02 0.98-41.8 0.647
Pathology, Adenocarcinoma  0.95 0.19-4.90 0.953 Pathology, Adenocarcinoma 0.25 0.02-3.80 0.321
Stage, IIIA-C 0.86 0.14-5.21 0.871 Stage, IIIA-C 1.67 0.98-28 .4 0.723
Driver genes, absent 100> 0-<100 0.984 Driver genes, absent <100 0->10 0.987
PD-L1, <25% 0.62 0.12-3.20 0.563 PD-L1, <25% >0.01 0.0->10 0.976
irAE, present 159 3.89-82.1 0.001 irAE, present 3.03 014-66.4 0.483

CI: Confidence interval; ECOG: Eastern Cooperative Oncology Group; ICPI: immune checkpoint inhibitor; irAE: immune-related adverse event;

PD-L1: programmed death-ligand-1: PS: performance status.

monotherapy. In this analysis, there was no association of
pretreatment background factors with ‘eosinophils =10%’.
Furthermore, no pretreatment background factors associated
with ‘eosinophils =1500/ul’. The appearance of irAE was
associated with both ‘eosinophils =10%’ and ‘eosinophils
=1,500/wl’ (p=0.029 and 0.001, respectively). In patients
treated with the combination of ICPI and chemotherapy,
there were no pretreatment and treatment-related factors that
were associated with ‘eosinophils =10%’. No such factor
was found to be associated with ‘eosinophils =1,500/ul’
(Table IV and Table V).

Discussion

There have been several studies mainly examining
lymphocytes and eosinophils as biomarkers for ICPI therapy
(5-18). Peripheral eosinophils are of interest although their

involvement in cancer immunity remains unclear (5,7, 9, 15,
16). We have also performed a few studies on this subject
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(26-28). In not a few patients, the relative increase rate of
eosinophils due to fluctuations in other leukocyte
components might be conceivable (5,7, 9, 15, 16). However,
with ICPI therapy, in clinical practice, although rare, there
were patients who developed an absolute increase in the
number and proportion of peripheral eosinophils. Since there
is need to provide medical care for these patients, we
decided to carry out this study. We asked the following
questions: how many patients had absolute increase in the
number and proportion of peripheral eosinophils? What were
the characteristics of these patients? Was there TTF
prolongation, and were there any factors associated with TTF
prolongation? What were the patient background factors
associated with the absolute increase in the number and
proportion of peripheral eosinophils? The purpose of this
study was to obtain information to answer these questions.
In patients treated with ICPI monotherapy, the following
four important results were obtained. 1) There were patients
whose 210% or =1,500/pl eosinophils during the clinical
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courses. This might suggest that there were patients who had
an absolute increase in the number and proportion of
peripheral eosinophils, rather than a relative increase. 2)
There was no difference in patient background factors known
before treatment between the two groups with eosinophils
divided by ‘eosinophils =10%’ and between the two groups
with eosinophils divided by ‘eosinophils =1,500/ul’. 3) There
was a significant difference in TTF between the two groups
divided by eosinophils =10%. TTF was significantly
different between the two groups divided by eosinophils
1,500/ul. 4) In the logistic analysis, there were no
pretreatment background factors associated with ‘eosinophils
> 10%’. No pretreatment background factors were associated
with ‘eosinophils =1,500/ul’. However, the appearance of
irAE was associated with both ‘eosinophils =10%’ and
‘eosinophils =1500/pl’, although this was a factor that
became apparent during the course of treatment.

In patients treated with the combination of ICPI and
chemotherapy, on the other hand, the following two results
were obtained. 1) There were patients with eosinophils =10%
and patients with eosinophils =1,500/pul during the clinical
courses. 2) No difference was found in TTF between the two
groups divided by eosinophils =10% and between those
divided by eosinophils =1,500/pl. In the logistic analysis,
there were no significant factors associated with ‘eosinophils
>10%’. No factors were found to be significantly related to
‘eosinophils =1,500/ul’. The reason why no significant factor
was found in patients treated with the combination of ICPI
and chemotherapy was not clear. But it might be related to
the small number of patients evaluated and the short follow-
up period. However, it is estimated that there is a large
influence of the cytotoxic chemotherapeutic drugs on
peripheral white blood cells including eosinophils.

Although the above results are remarkable, there are certain
limitations in this study. First, this study included patients
from three tertiary hospitals, but their number was small.
Second, this study included patients treated with any of the
currently available ICPIs and also patients treated with various
chemotherapy regimens. In addition, patients receiving ICPI
treatment on any treatment line were included. It must be
considered that the inclusion of various treatments affected the
outcome. However, the information we want to obtain in the
clinical setting might be more practical than the information
we get in studies with strict selection criteria. Third, the
validity of this research method of changing objective
variables and repeating logistic analysis is questionable. Such
limitations must be overcome in future studies.

Prior to ICPI therapy, finding factors associated with an
absolute increase in the number and proportion of peripheral
eosinophils is important in identifying biomarkers predicting
long-term response of patients. Furthermore, it is important
to explore the involvement of eosinophils in cancer
immunity.
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