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Peripheral blood eosinophilia may be a prognostic biomarker in
non-small cell lung cancer patients treated with immunotherapy
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Background: Eosinophils have been traditionally associated with the initiation and propagation of
inflammatory responses, particularly in allergic diseases and helminth infections. More recently, an
association between eosinophils and cancer has been the focus of several studies, but controversial results
have emerged. This study aims to evaluate the prognostic role of peripheral blood eosinophilia in non-
small cell lung cancer (NSCLC) patients receiving immunotherapy (I0). We also evaluated the impact of
peripheral eosinophilia on the occurrence of immune-related adverse effects (irAEs).

Methods: Advanced NSCLC patients under IO were included in a retrospective single-center study.
Peripheral blood eosinophilia was defined by a count greater than 500/pL. Patients were analyzed for
eosinophil counts, overall survival (OS), progression-free survival (PFS), overall response rate (ORR) and
disease control rate (DCR).

Results: A total of 121 NSCLC patients receiving IO were included. Thirty-three (27.3%) patients
presented peripheral blood eosinophilia during treatment. Patients with peripheral eosinophilia presented
more frequently non-progression as best overall response to IO (83.3% wvs. 58.1%, P=0.014), higher median
OS (26.6 vs. 9.5 months, P=0.022) and higher median PFS (13.8 vs. 4.6 months, P=0.013). IrAEs were more
common in patients with peripheral eosinophilia (66.7% vs. 36.4%, P=0.003).

Conclusions: This study suggests that peripheral blood eosinophilia may predict better outcomes in
NSCLC patients receiving 10, despite being associated with an increased risk of irAEs. According to
our findings eosinophils may be involved in immune response against tumor. Routine eosinophils count

assessment may be an additional prognostic tool in NSCLC patients receiving 10.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for 80-90%
of lung cancers and is the leading cause of cancer death in
man and women worldwide (1). Approximately half of all
patients diagnosed with NSCLC present metastatic disease
at the time of diagnosis, with a 5-year overall survival (OS)
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of only about 18% (2). Immunotherapy (I0) has been used
to treat patients with advanced NSCLC through enhancing
the immune response to tumor, allowing good clinical
outcomes (3). Expression of PD-1 ligand (PD-L1) in tumor
cells is the best established biomarker for response to IO but
it has been addressed the variability between expression of
the PD-L1 and the clinical response to IO in patients with
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advanced NSCLC (4,5). Besides, there is a lack of evidence
about which patients will present a durable response to
IO and which will have increased risk of immune-related
adverse effects (irAEs). All these facts justify the need to
identify additional biomarkers of response to 10.

The eosinophil count in peripheral blood seems to be
a promising prognostic marker in several cancers (6,7).
However, paradoxical data has emerged regarding the role
of these cells. In fact, recent studies have shown evidence
that eosinophils may have both immunostimulatory and
immunoinhibitory functions in tumor growth, according
to the type of cancer and different stimuli in the tumor
microenvironment (TME) (8,9). A high eosinophil count
in peripheral blood has been related with a better prognosis
in several cancers (10,11). Nevertheless, an association
between eosinophils and a non-beneficial prognosis has also
been described (12,13).

The aim of this study was to identify the impact of
peripheral blood eosinophil count on prognosis of patients
with NSCLC receiving 10. Additionally, we also evaluated
if eosinophilia per se is associated with an increased risk of
irAEs.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3525).

Methods
Study design and data collection

We conducted a retrospective, single-center study of all
patients with advanced (stage IIIB to IV) NSCLC treated
with IO in monotherapy (in first or subsequent lines) in
the Multidisciplinary Department of Thoracic Tumors
of Centro Hospitalar de Vila Nova de Gaia/Espinho, in
Portugal, between December 2015 and October 2019. Data
collection was conducted in December 2019. Exclusion
criteria included recent (<2 months) IO treatment initiation
which did not allow the evaluation of radiological response
at that time and treatment with systemic corticosteroids
at the IO initial prescription given the potential to
interfere with eosinophil count. Patients were treated
with pembrolizumab, nivolumab or atezolizumab.
Pembrolizumab was administered intravenously at a dose of
2 mg/kg every 3 weeks until August 2018 and after that at a
dose of 200 mg every 3 weeks; nivolumab was administered
intravenously at a dose of 3 mg/kg every 2 weeks until
April 2018 and after that at a dose of 240 mg every 2 weeks;
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atezolizumab was administered intravenously at a dose
of 1,200 mg every 3 weeks. Whenever possible, tumor
biopsy specimens were submitted to immunohistochemical
staining with monoclonal anti-PD-L1 clone 22C3 (Dako)
to quantify PD-L1 expression.

Blood samples (including hemogram with eosinophilic
count) were collected from all patients one to 2 days before
10O initiation treatment. Thereafter, blood samples were
collected on the day before every IO treatment cycle.

Radiological response was evaluated 2 months after
IO initiation and thereafter every 3 months. In cases
of suspected tumor pseudoprogression, radiological
reassessment was performed in 1-2 months.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the institutional Ethics Committee of Centro
Hospitalar de Vila Nova de Gaia/Espinho. The requirement
for written consent was waived because of the retrospective
nature of the study.

Definitions

There is no consensus in literature regarding the value of
peripheral blood eosinophils that may predict response to
10. We defined peripheral blood eosinophilia as a count
greater than 500/pL, according to a most recent study in
this field (6).

Tumor radiological response to IO was evaluated
by computed tomography according to the Response
Evaluation Criteria in Solid Tumors (RECIST), version 1.1.

Best overall response was defined as progression when
there was RECIST criteria of progressive disease and as
non-progression when there was RECIST criteria of stable
disease, partial response or complete response.

Overall response rate (ORR) was defined as the
proportion of patients who had a partial or complete
response to therapy. Disease control rate (DCR) was
defined as the proportion of patients who had achieved
stable disease, partial response or complete response.

Progression-free survival (PFS) was defined as the time
from treatment initiation to radiological progression or
death from any cause. OS was the time from treatment
initiation to death from any cause.

Adverse events were diagnosed and graded according
to Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0. The grade recorded refers to the
highest grade of irAEs that each patient developed. In all
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consultations, patients collected blood tests and were asked
about symptoms and possible adverse events.

Statistical analysis

Descriptive statistics of the variables were expressed as
absolute and relative frequencies, mean + standard deviation
(SD) (if variable with normal distribution) or median and
range (if variable without normal distribution). Groups
comparisons were carried out by #-test or Mann-Whitney
test for continuous variables and by the Chi-square test
and Fisher test for categorical variables, according to the
expected frequencies. The binomial test was used to assess
equality of proportions between groups. Survival analysis
was estimated using Kaplan-Meier method and differences
in OS and PFS were evaluated using the log-rank test.
Cox proportional hazard regression model was applied
to estimate hazard ratio (HR) and 95% CI. The level of
significance was set to 0.05. The statistical analysis was

conducted using SPSS 22.0 (IBM Corp., Armon, NY, USA).

Results
Study population

A total of 131 patients with advanced NSCLC were
included in the study. Among them, 10 patients were
excluded because they were not evaluable for radiological
response assessment. We didn’t exclude patients being
treated with low dose of systemic corticosteroids at the 10
initial prescription (<10 mg prednisolone or equivalent).
Therefore, 121 patients were included in the analysis. The
demographic and clinical characteristics of these patients
are shown in Table 1. The most frequent histological type
was adenocarcinoma. Analysis of PD-L1 expression in
tumor specimens was available in 114 (94.2%) patients and
mutational status was known in 86 (71.1%) patients. Among
patients who presented peripheral eosinophilia, only one
had a past medical history of asthma and no patient had
allergic rhinitis or skin disease. Three patients had regular
follow-up by a rheumatologist because of rheumatologic
disease (Raynaud’s disease under investigation, juvenile
arthritis and symmetric polyarthritis suspected to be a
paraneoplastic disorder).

Blood eosinophil count during treatment

Twelve patients had pre-treatment peripheral eosinophilia
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and most of them (n=10; 83.3%) maintained it during 10
treatment. On the other hand, of patients without pre-
treatment peripheral eosinophilia (n=109), 23 (21.1%)
developed eosinophilia during IO.

Overall, 33 (27.3%) patients presented eosinophilia in
peripheral blood during treatment with 10.

Patients who developed eosinophilia during 1O had
more frequently rheumatologic diseases (9.1% wvs. 1.1%,
P=0.029), received a higher number of treatment cycles (14
vs. 5, P<0.001) and were treated with IO more months (10
vs. 3, P<0.001). No other statistically significant differences
between groups were found (7able I).

Eosinophilia during treatment

Of patients without previous peripheral blood eosinophilia
who developed it during treatment, the median time until
eosinophilia was 5.0 months (range, 1.0-7.0) and in most of
these patients (n=17; 73.9%) it occurred in the first 6 months
of treatment. One patient developed peripheral blood
eosinophilia only 24 months after starting treatment.
Median time until peak eosinophils count was 7.0 months
(range, 3.0-12.0 months) and the median peak eosinophil
count was 770/pL (range, 570-890/pL). On the other
hand, patients with baseline and throughout treatment
eosinophilia reached peak eosinophils count earlier and
recorded higher eosinophils counts, as shown in Table 2.

The highest peripheral eosinophilia value observed was
61,260 cells/pL, which was found in an asymptomatic patient
with baseline peripheral eosinophilia of 4,410 cells/pL.
In this patient, treatment with IO was discontinued and
due to such an exuberant value of eosinophilia the patient
also started treatment with systemic corticosteroids. No
evidence of irAEs was found in this patient. No other
patient in this study stopped treatment with IO due to
peripheral eosinophilia. In fact, the remaining 32 patients
with peripheral eosinophilia were asymptomatic, maintained
the treatment with IO and were kept under clinical and
analytical surveillance. No patient had evidence of helminth
infection, but three patients were empirically treated with
deworming.

Eosinophilia and treatment outcomes

Radiological response was not possible to evaluate in 17
patients: 8 patients died before radiological evaluation
to treatment, 5 patients experienced irAEs grade 3 and 4
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Table 1 Patient’s demographic and clinical characteristics
Characteristics Overall (n=121) No eosinophilia (n=88) Eosinophilia (n=33) P value
Gender, n (%)
Female 19 (15.7) 15 (17.0) 4(12.1) 0.587
Male 102 (84.3) 73 (83.0) 29 (87.9)
Age, years, mean + SD 63+10 63+9 65+10 0.345
Smoking status, n (%)
Never smoker 14 (11.6) 10 (11.4) 4 (12.1) 0.726
Current smoker 51 (42.1) 39 (44.3) 12 (36.4)
Former smoker 56 (46.3) 39 (44.3) 17 (51.5)
Comorbidities, n (%)
COPD 38 (31.4) 25 (28.4) 13 (39.4) 0.246
Asthma 4 (3.3) 3(3.4) 1(3.0) 0.917
Allergic rhinitis 2(1.7) 2 (2.3 0 0.383
Skin disease 1(0.8) 1(1.1) 0 0.539
Rheumatologic disease 4 (3.3) 1(1.1) 3(9.1) 0.029
ECOG performance status, n (%)
0 14 (11.6) 9(10.2) 0.218
1 89 (73.6) 63 (71.6)
2 18 (14.9) 16 (18.2)
Histological subtype, n (%) -
Adenocarcinoma 77 (63.6) 53 (60.2) 24 (72.7)
Squamous cell carcinoma 38 (31.4) 30 (34.1) 8(24.2)
Others 6 (5.0) 5(5.7) 1(3.0)
Staging at diagnosis, n (%)
I-11A 48 (39.7) 37 (42.0) 11 (33.3) 0.383
11B-IvVB 73 (60.3) 51 (58.0) 22 (66.7)
PD-L1 expression, n (%)
<1% 40 (33.1) 30 (34.1) 10 (30.3) 0.571
1-49% 20 (16.5) 16 (18.2) 4 (12.1)
50-100% 54 (44.6) 37 (42.0) 17 (51.5)
Not available 7 (5.8) 5(5.7) 2 (6.1)
Mutational status, NGS, n (%)
Wild-type 42 (34.7) 27 (30.7) 15 (45.5) -
KRAS 26 (21.4) 20 (22.7) 6(18.2)
EGFR 5(4.1) 4 (4.5) 1(3.0)
BRAF 5(4.1) 3(3.4) 2(6.1)

Table 1 (continued)
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Characteristics Overall (n=121) No eosinophilia (n=88) Eosinophilia (n=33) P value
ALK 3(2.5) 3(3.4) 0(0)
Others 5 (4.1) 3(3.4) 2 (6.1)
Not available 35 (28.9) 28 (31.8) 7(21.2)
10 drug, n (%)
Atezolizumab 10 (8.3) 10 (11.4) 0 0.05
Pembrolizumab 53 (43.8) 34 (38.6) 19 (57.6)
Nivolumab 58 (47.9) 44 (50.0) 14 (42.4)
Line of treatment, n (%)
First line 32 (26.4) 21(23.9) 11 (33.3) 0.293
Subsequent line 89 (72.7) 67 (76.1) 22 (66.7)
Number of treatment cycles, median 8 [3.0-17.5] 5[2.0-11.6] 14 [5.5-27.5] <0.001
[range]
Number of months under 10, median 41.0-10.0] 3[1.0-6.0] 10 [4.0-17.0] <0.001

[range]

SD, standard deviation; COPD, chronic obstructive pulmonary disease; ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed
death 1 ligand; KRAS, Kirsten rat sarcoma viral oncogene homolog; EGFR, epidermal growth factor receptor; BRAF, V-raf murine sarcoma
viral oncogene homolog B1; ALK, anaplastic lymphoma kinase; NGS, next generation sequencing; |0, immunotherapy.

Table 2 Patients with peripheral blood eosinophilia during IO treatment

Baseline eosinophilia absent Baseline eosinophilia present P value
Number of patients, n (%) 23 (69.7) 10 (30.3) -
Baseline eosinophil count, median [range] 240 [160-330] 795.0 [570-1,860] <0.001
Time to eosinophilia, months, median [range] 5.00 [1.0-7.0] - -
Time to peak eosinophils count, months, median [range] 7.0[3.0-12.0] 1.0 [1.0-3.3] 0.002
Peak eosinophil count, eosinophils/uL, median [range] 770 [570-890] 1,370 [563-8,520] 0.196

|0, immunotherapy.

(two cases of pneumonitis, one case of diarrhea, one case
of myocarditis and one case of hepatitis) which required
IO to be stopped before radiological response assessment,
2 patients needed to be treated with high doses of
corticosteroids which led to treatment interruption before
radiological response assessment and in 2 patients IO was
stopped before radiological assessment because of the
worsening clinical status.

Patients with peripheral eosinophilia presented more
frequently non-progression as best overall response to 10
than those who did not develop peripheral eosinophilia
during treatment (83.3% vs. 58.1%, P=0.014). ORR tended
to be higher in patients with peripheral eosinophilia during
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IO, but this difference was not statistically significant (40.0%
vs. 23.0%, P=0.08; Figure 1). Similarly, DCR was higher
in patients with peripheral eosinophilia, but again without
a statistically significant difference (83.3% wvs. 64.5%,
P=0.063; Figure I).

At the time of this analysis, in the group of patients with
peripheral blood eosinophilia during 10, 5 (15.2%) had
progressive disease and 14 (42.4%) died. Among patients
without peripheral blood eosinophilia, 31 (35.2%) had
progressive disease and 50 (56.8%) died.

Median OS under IO treatment was significantly higher
in the group of patients with peripheral eosinophilia

during 10 (26.6 vs. 9.5 months, P=0.022; Figure I). The
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Figure 1 Kaplan-Meier analysis of OS (A) and PFS (B), ORR (C) and DCR (D) for patients with advanced NSCLC receiving 10 according

to the presence or absence of peripheral blood eosinophilia during treatment. OS, overall survival; PES, progression-free survival; ORR,

overall response rate; DCR, disease control rate; NSCLC, non-small cell lung cancer; IO, immunotherapy.

median PFS was 13.8 months for patients with peripheral
eosinophilia and 4.6 months for patient without peripheral
eosinophilia (P=0.013; Figure I). The presence of peripheral
eosinophilia at the beginning of treatment did not interfere
with these results.

Multivariate analysis was performed to identify
independent prognostic factors related to OS and PFS.
Variables with P value <0.15 in the univariate analysis were
included in the multivariate analysis.

After adjusting for confounding factors, patients with
peripheral eosinophilia during treatment tended to have
longer OS (HR: 0.779, 95% CI: 0.400-1.518, P=0.463) and
PFS (HR: 0.596, 95% CI: 0.319-1.111, P=0.103), but no
statistical difference was found. An Eastern Cooperative
Oncology Group (ECOG) 0 or 1 was associated with
longer OS (HR: 0.267, 95% CI: 0.136-0.524, P<0.001)
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and PFS (HR: 0.402, 95% CI: 0.211-0.768, P=0.0006).
The occurrence of irAEs was associated with longer PES
(HR: 0.548, 95% CI: 0.325-0.923, P=0.024). Smoking
habits, PD-L1 expression and number of previous lines of
treatment were not independently associated to OS or PFS
outcomes. This data suggests that peripheral eosinophilia
during treatment may be associated with a favorable clinical
response to 10, but others factors may be involved in this
association, namely a better performance status and the
occurrence of irAEs.

10, eosinophilia and irAEs

Patients with peripheral eosinophilia during treatment were
more likely to develop irAEs compared to those patients
without peripheral eosinophilia (66.7% vs. 36.4%, P=0.003).
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The most frequently documented adverse events were
asthenia (n=27; 22.3%), hypothyroidism (n= 8; 6.6%),
pneumonitis (n=8; 6.6%) and pruritus (n=8; 6.6%). Table 3
summarizes the adverse events found in patients under 1O.
Pruritus was significantly more frequent in patients with
peripheral eosinophilia during IO (P=0.034).

Adverse events led to treatment interruption in 16
(13.2%) patients: in 6 patients due to pneumonitis (grade 3),
in 4 patients due to diarrhea (grades 2 and 3), in 3 patients
due to hepatitis (grades 3 and 4), in 2 patients due to
myocarditis (grades 3 and 4) and in 1 patient due to arthralgia
grade 3.

Discussion

This study reports a high incidence of peripheral blood
eosinophilia in patients with NSCLC receiving 10.
Although we have chosen a high cut-off value of 500 cells/pL.
to define eosinophilia, it was still found in more than a
quarter of patients. A previous observational case-series
study including 909 patients receiving IO used the same cut-
off for peripheral eosinophilia and estimated an incidence of
peripheral eosinophilia of 2.8%, which is significantly lower
than the incidence of 27.3% that we reported. Importantly,
that study included patients with several advanced cancers
and among those who developed eosinophilia (n=26) most
had melanoma (n=20) and renal carcinoma (n=3), while
our population consisted only of NSCLC patients (6). In
fact, our study reports the specific incidence and prognostic
impact of peripheral blood eosinophilia in an exclusive
population of NSCLC patients receiving 10. We may
wonder whether lung cancer itself is particularly associated
with an increased risk of peripheral eosinophilia in patients
receiving IO compared to other cancers. Lung cancer cells
produce IL-5—the most important growth, differentiation
and activating factor for eosinophils—which might explain,
at least partially, the recruitment of eosinophils into
peripheral bloodstream and regional tissue eosinophilia
(14-16). High prevalence of peripheral eosinophilia in
lung cancer patients may also be explained by smoking.
It has been demonstrated that smoking is significantly
associated with elevated white blood cell count including
eosinophils (17). As it would be expected in lung cancer,
most of the patients of our study were current or former
smokers, which may also be a reasonable explanation for the
high incidence of eosinophilia reported. Among patients
with peripheral eosinophilia, only one had a past medical
history of allergic disease (asthma). Based on this data, we
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believe that the development of peripheral eosinophilia
during IO may not be associated with a previous background
of atopy. Although peripheral eosinophilia was a common
finding in this study, none of the patients had symptoms
related to it and IO treatment was only discontinued in
one patient because of such an exuberant eosinophil count.
This data suggests that peripheral blood eosinophilia might
be a benign finding in NSCLC patients under 10, seldom
requiring other attitudes than surveillance.

The prevalence of ECOG 2 was three times higher
among patients who did not develop eosinophilia during
treatment than in those who developed it (18.2% wvs.
6.1%, P>0.05). The meaning of this finding is uncertain.
Interestingly, these patients with no peripheral eosinophilia
tended to be younger and had a lower proportion of
advanced disease at diagnosis than those who experienced
eosinophilia during treatment. However, patients without
peripheral eosinophilia received IO more frequently in
subsequent treatment lines than the other group (76.1%
vs. 66.7%, P>0.05). We can speculate that the worse
performance status in patients without eosinophilia may
be the result of previous lines of treatment, namely with
chemotherapy, which may have impaired the ability of
the bone marrow to produce white blood cells, including
eosinophils.

Other interesting finding is that 9.9% of patients had
peripheral eosinophilia prior to receiving 10. Of those,
only 16% had eosinophil counts normalized during 10.
The remaining patients maintained peripheral eosinophilia
during treatment, suggesting that patients with baseline
increase of eosinophil count are likely to maintain it
during I10. Baseline peripheral eosinophilia also seems
to be associated with more significant eosinophil counts
and earlier time to peak count once treatment is started.
We might speculate that patients with higher baseline
eosinophil count may already present their own anti-
tumor inflammatory cascade partially triggered and that
10 will further result in the additional recruitment of more
eosinophils. Nevertheless, inflammation has also been
associated with worse outcomes in lung cancer. In fact,
increased C-reactive protein and neutrophil-to-lymphocyte
ratio in peripheral blood were associated with shorter OS in
advanced NSCLC patients. Importantly, these studies did
not analyze the prognostic role of peripheral eosinophils
(18-20). Most patients of our study developed peripheral
eosinophilia only during IO, namely in the first 6 months.
Once again, this finding may suggest that 10 is somehow
associated with eosinophils recruitment and that eosinophils
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Table 3 Adverse events documented during IO
Adverse event Overall, n (%) eo;\ilrc:oiirill‘i)ahzﬁing gj:ﬁg?::;g:ﬁ???;; P value
treatment, n (%)

Asthenia (all grades) 27 (22.3) 15 (17.0) 12 (36.4) 0.023
Grade 3-5 2(7.4) 0 2 (16.7)

Hypothyroidism (all grades) 8 (6.6) 4 (4.5) 4(12.1) 0.212
Grade 3-5 0 0 0

Pneumonitis (all grades) 8 (6.6) 5(5.7) 3(9.1) 0.682
Grade 3-5 4 (50.0) 3(60.0) 1(33.3)

Pruritus (all grades) 8 (6.6) 3(3.4) 5(15.2) 0.034
Grade 3-5 1(12.5) 1(33.3) 0

Dermatitis (all grades) 7 (5.8) 2 (2.3) 5(15.2) 0.299
Grade 3-5 0 0 0

Hepatitis (all grades) 6 (5.0) 4 (4.5) 2 (6.1) 0.664
Grade 3-5 3(50.0) 3(75.0) 0

Diarrhea (all grades) 6 (5.0) 4 (4.5) 2 (6.1) 0.664
Grade 3-5 1(16.7) 1(25.0) 0

Arthralgia (all grades) 4 (3.3) 2 (2.3) 2 (6.1) 0.299
Grade 3-5 0 0 0

Hyperthyroidism (all grades) 3(2.5) 2 (2.3) 1(3.0) NA
Grade 3-5 0 0 0

Myocarditis (all grades) 2(1.7) 2(2.3) 0 NA
Grade 3-5 2 (100.0) 2 (100.0) 0

Dry skin (all grades) 2(1.7) 1(1.1) 1(3.0) 0.473
Grade 3-5 0 0 0

Hypercalcemia (all grades) 2(1.7) 1(1.1) 1(3.0) 0.473
Grade 3-5 0 0 0

Dyspepsia (all grades) 1(0.8) 1(1.1) 0 NA
Grade 3-5 0 0 0

Hypophysitis (all grades) 1(0.8) 1(1.1) 0 NA
Grade 3-5 0 0 0

Adrenal insufficiency (all grades) 1(0.8) 1(1.1) 0 NA
Grade 3-5 0 0 0

Hyponatremia (all grades) 1(0.8) 1(1.1) 0 NA
Grade 3-5 0 0 0

10, immunotherapy; NA, not available.
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themselves may also be involved in the anti-cancer immune
response enhanced by this treatment, representing further
evidence regarding the active role of eosinophils in
cancer, particularly in NSCLC. At the same time, we may
speculate that peripheral eosinophilia could be a marker of
IO effectiveness. Human eosinophil itself express PD-L1
but the role of PD-1/PD-L1 axis of eosinophils in tumor
biology remains unknown (21).

Our study reports a positive association between
peripheral blood eosinophilia during IO treatment and
favorable outcomes in NSCLC patients. Accordingly,
we found that patients with peripheral eosinophilia were
treated with IO over a longer period of time compared
to those without peripheral eosinophilia, suggesting that
eosinophilia may be potentially associated with more
sustained and effective response to 10. Previous studies
suggested that eosinophils play antitumor functions as they
produce a plethora of chemokines which recruit CD8"
T cells into the TME (22). Depletion of eosinophils was
associated with reduced CD8" T cell infiltration which may
weaken the effectiveness of immune response against tumor
cells (23). Also, it has been described that eosinophils can
exert direct cytotoxic effects against tumor cells by releasing
granular content and apoptosis inducing protease granzyme
B (23,24). Additionally, angiogenesis, an essential process
for tumor growth, may be normalized or suppressed by
eosinophils (22,25). IO has yielded good outcomes in cancer
patients and peripheral blood eosinophilia has previously
been associated with positive response to this treatment
(5,7). In a study including metastatic melanoma patients, a
positive association between the induction of eosinophilia
upon IO and survival has been described and eosinophilia
at some point in the course of the disease seemed to be a
favorable prognostic marker, even in IO-naive patients (7).
In small cell lung cancer, it has been verified a significant
inverse correlation between peripheral eosinophil count and
metastases, suggesting a protective role of eosinophils in
the immune response against this tumor (26). In NSCLC,
a high absolute eosinophil count in peripheral blood along
with a high absolute lymphocyte count and a low absolute
neutrophil count at treatment initiation with nivolumab was
significantly associated with a better PFS and OS and may
be an independent biomarker (5).

It is important to highlight that other factors may explain
the better outcomes found in patients with peripheral
eosinophilia during treatment. Patients with peripheral
eosinophilia tended to have better ECOG performance
status, with a higher proportion of patients with ECOG 0
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and 1 compared to patients without peripheral eosinophilia.
In fact, when multivariate analysis was conducted, a better
ECOG was associated with longer OS and PFS and
therefore the beneficial effect of peripheral eosinophilia
during IO may be the result of a better general health status
found in these patients. Although patients with peripheral
eosinophilia were more frequently never smokers, had a
higher prevalence of PD-L1 expression between 50-100%
and had received IO as first line treatment more frequently,
these potential confounders were not independently
associated to a better OS or PFS.

It is not clear whether the predictive role of eosinophilia
also applies to patients treated with chemotherapy. In a
retrospective study including patients with stage I-III breast
cancer, 552 patients out of 930 received neoadjuvant and/
or adjuvant chemotherapy. The authors observed that a
higher relative eosinophil count (using a cut-off of 1.5%) at
baseline was associated to a better prognosis, especially in
patients not treated with chemotherapy or with anti-HER?2
drugs (27). These results are in line with a previous study in
advanced melanoma, according to which a baseline relative
eosinophil count >1.5% reduced the risk of mortality in
patients receiving IO, but had no prognostic value for
patients treated with chemotherapy (28). The authors
hypothesized that chemotherapy effects on bone marrow
leads to a lower production and differentiation of white
blood cells, reducing the number of circulating eosinophils
during anticancer treatment.

Interestingly, in our study peripheral blood eosinophilia
was associated with an increased risk of irAEs. We might
speculate that if eosinophils may contribute to boost
inflammatory response against tumor cells, these cells
may at the same time be involved in the constellation of
inflammatory toxicities associated with immune checkpoint
inhibitors. Nevertheless, most irAEs were mild and in most
cases there was no need of 10 cessation. Of note, although
irAEs were more common in patients with peripheral
eosinophilia, these patients still had better outcomes. In
fact, we found that irAEs themselves were associated with
a better PFS. Previous studies reported that irAEs may
be predictive of IO response in several cancers, including
NSCLC. In most of these studies, the occurrence of irAEs
was also associated with improvements in PFS, OS and
ORR (29-31). More recently, it has been documented that
a baseline feature of high peripheral blood eosinophil count
(>0.125x10’ cells/L) was associated with an increased risk of
immune-related pneumonitis and with an improvement in
PFS (32). It is possible that the increased risk of irAEs we
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found in the group of patients with peripheral eosinophilia
may be explained by the longer duration of IO treatment
described in these patients, which would mean a longer
exposure time. On the other hand, it is also questionable
whether irAEs are the cause or the consequence of
peripheral eosinophilia. More studies are needed to further
clarify the relationship between eosinophilia and irAEs.

This study documents a link between eosinophils,
response to 10 and irAEs in NSCLC patients, reporting
that peripheral eosinophilia may be associated with better
and more sustained response to IO even though an increased
risk of irAEs. However, there are some limitations to the
present study. First, this is a retrospective observational
study lacking a control group of patients who did not
receive 10. Second, there is no consensus in literature
regarding the ideal cut-off for peripheral eosinophilia,
so the definition of more than 500 eosinophils/pL
may not be the best peripheral eosinophils predictor cut-off
value. Third, a larger sample size could potentially allow to
draw more definitive conclusions.

In conclusion, this study reports a positive association
between peripheral blood eosinophilia during IO and
improved response to this treatment, although other factors
may be involved in this association, namely the general
health status of the patients and the occurrence of irAES.
Further studies including a larger number of patients are
needed to better understand the role of eosinophils in
NSCLC patients treated with IO. Our data suggests that
peripheral blood eosinophils count may be an additional,
easily measured and accessible prognostic biomarker in
NSCLC patients under 10. In addition to its prognostic
role, eosinophils could also potentially be the specific target
of future NSCLC therapies.
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