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Objectives: Immune checkpoint inhibitors (ICIs) have led to a paradigm shift in non-small cell lung cancer 
(NSCLC) treatment. We investigated absolute eosinophil count (AEC) as a predictor of clinical outcomes and 
toxicity in NSCLC patients receiving ICIs. 
Materials and Methods: AEC was retrospectively collected at baseline and during treatment from 158 advanced 
NSCLC patients treated with single agent anti-PD1/anti-PDL1 monoclonal antibody in first or subsequent line of 
therapy at Medical Oncology Unit, Careggi University Hospital, Florence (Italy), between January 2016 to 
October 2020. 
Results: We found a significant association between high baseline AEC (≥130/μL) and better clinical outcomes. 
The response rates were 64.4% and 35.6% for patients with high and low AEC, respectively (p = 0.009). The 
high-AEC group showed a significantly longer PFS and OS than the low-AEC group (mPFS = 7.0 months, 95% CI 
5.0–10.0 vs 2.5 months, 95% CI 2.0–4.0, p = 0.007 and mOS = 9.0 months, CI 95% 7.0–15.0 vs 5.5 months, 95% 
CI 4.0–8.0, p = 0.009, respectively). An increased risk of immune-related adverse events (irAEs) was reported in 
the high-AEC group (p = 0.133). IrAEs resulted an independent prognostic factor for both better outcomes 
(mPFS = 8.0 months, 95% CI 7.0–12.0 vs 2.0 months, 95% CI 2.0–3.0, p<0.001; mOS = 13.0 months 95% CI 
9.0–19.0 vs 4.0 months 95% CI 3.0–6–0, p<0.001) and response to ICIs (response rate = 33.8% vs 14.9%, disease 
control rate = 72.0% vs 32.1%, p<0.001). 
Conclusion: High baseline AEC value (≥130/μL) is a predictive biomarker of clinical benefit and irAEs occurrence 
in NSCLC patients treated with ICIs.   

1. Introduction 

Immunotherapy has been a major breakthrough in cancer treatment 
in the last decades. [1,2] The introduction of immune checkpoint in-
hibitors (ICIs), targeting the programmed death-1/programmed 

death-ligand 1 (PD-1/PD-L1) axis, into clinical practice has remark-
ably changed the treatment perspective in several types of cancers, 
including non-small cell lung cancer (NSCLC). [3,4] Though NSCLC 
patients can achieve a significant improvement in clinical outcomes 
from ICIs, both in first and subsequent lines of treatments, the benefit of 
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immunotherapy is still limited to a subgroup of patients. [4,5] More-
over, patients treated with ICIs may develop a peculiar spectrum of 
toxicities, namely immune-related adverse events (irAEs) which may 
lead to discontinuation of treatment and increase of mortality. [6,7] No 
well-defined clinical and biological markers of response to ICIs or 
associated with the development of irAEs have been identified so far. 
Therefore, the study of routinely available biomarkers that may predict 
response and toxicity to immunotherapeutic agents is a very expanding 
area of active research. [4,8,9] 

Among several biomarkers evaluated as predictor of response to ICIs, 
the greatest focus has been on PD-L1 expression, both in pre-clinical and 
clinical settings. PD-L1 expression on tumor cells and tumor-infiltrating 
immune cells has been shown to correlate with the efficacy of anti-PD-1/ 
PD-L1 agents. [10,11] However, only a limited number of patients with 
PD-L1–expressing tumors obtain durable response and also patients 
without PD-L1 staining can achieve clinical benefit from ICI treatment. 
[12] Moreover, a universal method for detecting and measuring the 
PD-L1 status has not yet been standardized. [13] In the past few years, 
new data on potentially predictive biomarkers of response to immuno-
therapy have emerged, pointing out the existence of additional biolog-
ical factors, which may define the subgroup of patients who are most 
likely to benefit from ICIs. Examples include tumor mutational or neo-
antigen burden, immune gene signatures, tumor-infiltrating lympho-
cytes (TILs) and peripheral blood markers. [9] On the other hand, the 
development of predictive factors is also necessary to minimize the risk 
of immune-toxicities in patients receiving immunotherapy. Recent 
clinical observations have suggested that peripheral blood cell counts 
can also be used as biomarkers to predict emergence of irAEs during 
treatment with ICIs. [8,14] 

Eosinophil count is a reliable and available peripheral blood-based 
parameter as part of the routine comprehensive blood examination 
performed for all patients in daily clinical practice prior and during 
cancer treatments, including immunotherapy. The accumulation of eo-
sinophils both in the peripheral blood and in the tumor tissue, defined 
tumor-associated tissue eosinophilia (TATE), were reported to be 
prognostic markers for a better clinical outcome for cancer patients 
treated with ICIs. [15] The role of eosinophilia as independent predictor 
of favorable outcomes in cancer patients, has initially emerged from 
studies in patients with melanoma. The development of eosinophilia 
during the course of the disease is associated with a longer survival in 
melanoma patients, independent of the therapy. [16,17] An increase in 
absolute eosinophil count (AEC) in peripheral blood of melanoma pa-
tients treated with immunotherapy is a predictor of response to ICIs and 
also correlates with significantly prolonged overall survival (OS). [16, 
18–21] Recent evidence has shown that as well as being evaluated as a 
potential biomarker of response, eosinophil count can be linked also to 
the development of irAEs in different solid tumors. [14,22–24] 

To date, few studies have investigated the role of AEC as a potential 
marker for clinical outcome and immune-related toxicities development 
in patients with NSCLC treated with ICIs. [23,25,26] The aim of the 
present study was to determine the correlation between peripheral 
blood AEC and disease clinical outcomes and emergence of irAEs, in a 
real-world population of patients with advanced NSCLC treated with 
ICIs. In addition, by monitoring changes in AEC during treatment, we 
analyzed the association between eosinophils longitudinal trend and 
response to therapy. 

2. Materials and methods 

2.1. Patients 

In this single-center observational study we retrospectively collected 
data from medical records of patients with advanced or recurrent NSCLC 
(stage IIIB-IV disease, according to the VII edition of the TNM staging 
system), who were treated with single agent anti-PD1/PD-L1 mono-
clonal antibody at Medical Oncology Unit, Careggi University Hospital, 

Florence (Italy), between January 2016 to October 2020. All patients 
enrolled in the analysis received anti-PD1/PD-L1 agent (i.e. pem-
brolizumab, nivolumab and atezolizumab) as monotherapy in the first 
or subsequent lines of treatment as per clinical practice. Treatment was 
continued until disease progression, intolerable toxicity, clinical deci-
sion or patient refusal. 

Patients’ responses to ICIs were assessed with radiological imaging 
every three months, according to clinical practice. The radiological 
complete response (CR), partial response (PR), stable disease (SD), and 
progression disease (PD) were defined in accordance with the Response 
Evaluation Criteria in Solid Tumours (RECIST) version 1.1. The 
measured clinical outcomes were the following: Objective Response 
Rate (ORR, defined as CR plus PR) and Disease Control Rate (DCR, 
defined as the sum of patients who have achieved CR or PR or SD), the 
Progression-Free Survival (PFS) and the Overall Survival (OS). The cut- 
off date for follow-up data was 30 April 2021. 

2.2. Data collection 

The following characteristics were reviewed from each patient’s 
medical record: a) clinical-demographic data, i.e. age, sex, Eastern 
Cooperative Oncology Group Performance Status (ECOG PS), smoking 
status, NSCLC histological subtype, mutational status and PD-L1 
expression levels in tumoral tissue samples; b) information about 
treatment: type of ICIs, therapy line in which ICI was administered, 
treatment duration, best response and clinical outcomes; c) data about 
irAEs: type of irAE developed and severity of toxicity, according to 
CTCAE (Common Terminology Criteria for Adverse Events) version 
4.03; and d) data about AEC evaluated in the peripheral blood of pa-
tients. In detail, peripheral-blood AEC (n◦ of cells/μL) was recorded for 
each patient at baseline (prior to immunotherapy treatment) after the 
first and the second administration of ICIs and at week 12 and week 24 
of treatment. In addition, AEC was collected at the PD (when available) 
and at occurrence of any irAE. The median AEC (mAEC) value at base-
line of 130/μL (0.130 cells × 109/L) was selected as the cutoff value to 
divide patients into high and low AEC groups. 

2.3. PD-L1 analysis 

PD-L1 expression was analysed at the Histopathology and Molecular 
Pathology Units at Careggi University Hospital, Florence. Analysis was 
performed using the VENTANA PD-L1 (SP263) Assay. Expression of PD- 
L1 was assessed by tumor proportion score (TPS) that was defined as the 
percentage of at least 100 viable tumor cells with complete or partial 
membrane staining. 

2.4. Statistical analysis 

Patient characteristics were presented by descriptive statistics. 
Continuous variables were presented as median and range and cate-
gorical data as counts and percentages. The clinical and demographic 
data of the patients were statistically compared with the Pearson χ2 test 
for categorical variables and with independent-samples t-test for 
continuous variables. Association between baseline AEC and clinical 
outcomes for patients treated with ICIs was analysed according to the 
treatment received. Better responses to treatment according to baseline 
AEC were compared by the χ2 test. Statistically significant difference 
was considered for p-values <0.05. 

PFS was defined as the time from the first dose of immunotherapy 
until disease progression or death from any cause, while OS was defined 
as the time interval from ICI initiation until death or last follow-up. The 
Kaplan-Meier analysis was used to estimate PFS and OS, and log-rank 
test was applied to test for statistical significance. Cox proportional 
hazards model analysis was used to generate point estimates of hazard 
ratio (HR) and corresponding 95% Confidence Interval (CI) to estimate 
the risk of each individual AEC with outcome. 
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2.5. Ethics and regulatory considerations 

The present study was approved by the Regional Ethics Committee 
for Clinical Trials of the Tuscany Region (protocol code "17,332_oss"). 
All informed consent documents are in compliance with the Interna-
tional Conference on Harmonization (ICH) guideline on good clinical 
practice (GCP). The study protocol is performed in accordance to the 
principles of the Declaration of Helsinki and in compliance with GCP 
and the applicable laws and regulations. Each patient will be identified 
by a code instead of the patient’s name in order to protect the patient’s 
identity when reporting study-related data. 

3. Results 

3.1. Patients characteristics 

A total of 158 patients with advanced or recurrent NSCLC treated 
with ICIs during the study period were included in the analysis. The 
clinical baseline characteristics of enrolled patients are summarized in 
Table 1. The median age at the time of diagnosis was 70 years (range 
41–83 years), 102 were males (64.6%) and 56 were females (35.4%), 
most of patients (91.1%) were smokers (56.3% former and 34.8% cur-
rent) while 14 patients (8.9%) had never been exposed to smoke. At 
enrolling time, the ECOG PS was ≤ 1 in most of patients (84.8%). All 
patients received single-agent anti-PD1/PD-L1 inhibitor; ICIs were used 
as first-line treatment in 71 patients (44.9%) and as second- or 
subsequent-line treatment in 87 patients (55.1%). 72 (45.6%) and 68 
(43.0%) patients were treated with the anti-PD1 pembrolizumab and 

nivolumab, respectively; the anti-PD-L1 atezolizumab was administered 
in 18 patients (11.4%). PD-L1 expression levels were as follows: 0% in 
24 patients (15.2%), 1 to 49% in 18 patients (11.4%), ≥50% in 73 pa-
tients (46.2%), while data was unknown for 43 patients (27.2%). 

In the overall population, 6 patients achieved CR (3.8%), 30 PR 
(18.9%), 41 SD (25.9%), while 78 experienced PD as best response 
(49.4%). For 3 patients best response to ICIs could not be assessed, as 
treatment was early discontinued due to serious AEs. 

3.2. Association analysis between baseline AEC and clinicopathological 
characteristics 

We considered 130 cells/μL as the cutoff value for eosinophils count, 
which corresponds to the median AEC value at baseline of the patients. 
Patients were divided into high and low AEC groups according to this 
value. In the 115 patients for whom the PD-L1 status was available, a 
statistically significant association has emerged between high baseline 
AEC ≥130/μL and PD-L1 expression ≥50% (p = 0.018) (Fig. 1.A), while 
no significant association has emerged from the analysis between high 
baseline AEC and other clinicopathological characteristics of patients, 
including age, sex, smoking status, ECOG PS and histological subtype. 

3.3. Association between baseline AEC and clinical outcomes 

In the overall population, the median PFS (mPFS) and median OS 
(mOS) were 4.0 months (95% CI 3.0–6.0) and 7.0 months (95% CI 
6.0–8.0), respectively. Patients with baseline AEC ≥130/μL showed a 
statistically significant longer PFS than patients with baseline AEC 
<130/μL (mPFS = 7.0 months, 95% CI 5.0–10.0 versus 2.5 months, 95% 
CI 2.0–4.0; p = 0.007) (Fig. 1.B). Consistently, a significantly better OS 
was reported in the high AEC group than in the low AEC group (mOS =
9.0 months, CI 95% 7.0–15.0 vs 5.5 months, 95% CI 4.0–8.0; p = 0.009) 
(Fig. 1.C). 

In the whole cohort of patients, the ORR was 22.8%, while the DCR 
was 48.7%, respectively. Of note, our results showed a significant as-
sociation between high baseline AEC group and best response to treat-
ment (p<0.001). In detail, clinical-radiological response to 
immunotherapy was described in 64.4% of patients with baseline AEC 
≥130/μL, while patients in the low AEC group showed a response rate of 
35.6% (p = 0.009) (Fig. 1.D). 

3.4. Longitudinal trend of AEC during treatment 

In addition to baseline AEC, we analyzed the longitudinal trend of 
AEC during ICI therapy by collecting eosinophil value after the first and 
second administration of ICI, at week 12 and week 24 of treatment and, 
when available, at PD. In comparison to baseline, we found a significant 
increase of AEC after the first and second administration of therapy 
(mAEC = 150/μL vs 130/μL after first cycle, p = 0.004; and mAEC =
160/μL vs 130/μL after second cycle, p = 0.016, respectively). mAEC 
values reported at week 12 and 24 were 160/μL and 185/μL, respec-
tively, with no significant variation compared to baseline, while a 
decreasing trend in mAEC was registered at PD (110/μL, p = 0.756) 
(Fig. 1.E). 

3.5. Association between baseline AEC and irAEs development 

The toxicities described in our cohort study population were as ex-
pected for patients treated with ICIs. In detail, 69 patients (43.7%) 
experienced at least one irAE during immunotherapy treatment. The 
reported immune-related toxicities and corresponding mAEC values at 
event occurrence were as follows: dermatological in 30 patients 
(18.9%), mAEC = 145/μL; endocrine in 21 patients (13.3%), mAEC =
160/μL; hepatic in 16 patients (10.1%), mAEC = 215/μL; gastro- 
intestinal in 13 patients (8.2%), mAEC = 125/μL; pulmonary in 12 pa-
tients (7.6%), mAEC = 80/μL; rheumatological in 10 patients (6.3%), 

Table 1 
Patients’ baseline characteristics.  

Patients (n ¼ 158)  

Age  
▒Median (range) – years 70 (41–83) 
Sex – no. (%)  
▒Male 102 (64.6) 
▒Female 56 (35.4) 
Smoking Status – no. (%)  
▒Never 14 (8.9) 
▒Current 55 (34.8) 
▒Former 89 (56.3) 
ECOG Performance Status – no. (%)  
▒0 47 (29.7) 
▒1 87 (55.1) 
▒≥ 2 24 (15.2) 
Histology – no. (%)  
▒Adenocarcinoma 104 (65.8) 
▒Squamous Cell Carcinoma 46 (29.1) 
▒NOS Carcinoma 8 (5.1) 
Mutational status – no. (%)  
▒Positive for EGFR mutation 6 (3.8) 
▒Positive for KRAS mutation 22 (13.9) 
PD-L1 tumor proportion score – no. (%)  
▒< 1% 24 (15.2) 
▒1–49% 18 (11.4) 
▒≥ 50% 73 (46.2) 
▒Not available 43 (27.2) 
Baseline Eosinophil Count – no. (%)  
▒< 130 / μL 76 (48.1) 
▒≥ 130 / μL 82 (51.9) 
Type of ICI treatment – no. (%)  
▒Pembrolizumab 72 (45.6) 
▒Nivolumab 68 (43.0) 
▒Atezolizumab 18 (11.4) 
Line of treatment – no. (%)  
▒1st line 71 (44.9) 
▒≥ 2nd line 87 (55.1) 
Best response to treatment – no. (%)  
▒Complete Response 6 (3.8) 
▒Partial Response 30 (18.9) 
▒Stable Disease 41 (25.9) 
▒Progression Disease 78 (49.4)  
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mAEC = 185/μL (Fig. 2.A). Grade 3 or 4 (G3-G4) irAEs were reported in 
13 patients (8.2%) and the most common serious AE was pulmonary 
toxicity (n = 7 patients, 4.4%). No treatment-related deaths were re-
ported. In the study population, a non-significant trend for an increased 
risk of developing irAEs during treatment was reported in patients with 
high baseline AEC (≥130/μL) compared to the group with low baseline 
AEC (p = 0.133) (Fig. 2.B). 

3.6. Association between irAEs and clinical outcome 

Overall, PFS and OS were significantly longer in patients who 
experienced irAEs than in patients who did not: mPFS was 8.0 months 
(95% CI 7.0–12.0) versus 2.0 months (95% CI 2.0–3.0) (p<0.001) and 
mOS was 13.0 months (95% CI 9.0–19.0) versus 4.0 months (95% CI 
3.0–6–0) (p<0.001), respectively (Fig. 2.C and 2.D). Consistent with 
these results, a statistically significant longer PFS was described in pa-
tients who developed pulmonary (p<0.01), endocrine (p = 0.006) and 
dermatological (p<0.001) irAEs, compared to patients who did not 
experience toxicity. A non-significant trend for a longer PFS was also 
reported in the group of patients who developed hepatic toxicity (p =
0.180). Moreover, a significant better response to ICIs was described in 
patients who developed irAEs during treatment. In particular, ORR and 
DCR were respectively 33.8% vs 14.9% and 72.0% vs 32.1%, in patients 
who developed irAEs compared to patients who did not reported 
immune-toxicity (p<0.001). 

3.7. Univariate and Multivariate analysis of clinical and pathological 
factors for clinical outcomes 

Results of univariate and multivariate analysis of clinicopathological 
and biomolecular variables related to PFS and OS are shown in table 2.A 

and 2.B. 
In the univariate analysis, high-AEC group had significantly longer 

PFS and OS than the low-AEC group (PFS HR = 1.70, 95% CI 1.12–2.58, 
p = 0.012; OS HR = 1.56, 95% CI 1.11–2.18, p = 0.010). A significant 
positive impact both in PFS and OS was also reported in the univariate 
analysis for irAEs (PFS HR = 0.36, 95% CI 0.23–0.55, p<0.001; OS HR =
0.31, 95% CI 0.22–0.45, p<0.001), PD-L1 ≥50% (PFS HR = 0.57, 95% 
CI 0.38–0.86, p = 0.007; OS HR = 0.65, 95% CI 0.44–0–97, p = 0.037) 
and PS ECOG ≤1 (PFS HR = 1.86, 95% CI 1.19–2.93, p = 0.007; OS HR 
= 2.34, 95% CI 1.36–4.02, p = 0.002). 

We performed multivariate analysis including parameters found to 
have a p value less than 0.05 in the univariate analysis, to identify in-
dependent prognostic factors related to survival outcomes.. After 
adjustment for confounding factors, a high AEC at baseline was associ-
ated with longer PFS and OS (PFS HR = 1.77, 95% CI 1.10–2.86, p =
0.019; OS HR = 1.46, 95% CI 1.02–2.10, p = 0.040). Patients who 
experienced irAEs still tended to have significant longer OS (HR = 0.51, 
95% CI 0.30–0.86, p = 0.011), but no statistical difference in PFS, while 
pulmonary toxicity was associated with both better PFS (HR = 0.23, 
95% CI 0.07–0.79, p = 0.019) and OS (HR = 0.37, 95% CI 0.16–0.85, p 
= 0.019). Finally, also PS ECOG ≤1 and PD-L1 ≥50% resulted to be 
independent prognostic factors for longer survival outcomes (table 2.A). 

4. Discussion 

In our study, we evaluated a real-world population of NSCLC patients 
treated with single agent ICI as first or subsequent line of therapy to 
assess the correlation between the readily available peripheral-blood 
biomarker AEC with clinical outcomes and the development of irAEs. 
We found a significant correlation between high baseline AEC and PD-L1 
expression ≥50% (p = 0.018), while other clinic-pathological features 

Fig. 1. (A) Association between baseline absolute eosinophil count (AEC) and PD-L1 expression ≥50% (p = 0.018). The data refer to the 115 patients for whom the 
PD-L1 status was available. (B) Progression free survival (PFS) and (C) Overall survival (OS) in the high- vs low-AEC group; high group: baseline AEC ≥130/μL; low 
group: baseline AEC <130/μL. (D) Association between AEC groups and best response to therapy in the study population. (E) Longitudinal trend of AEC collected 
during ICI treatment. Eosinophils were valued at baseline, after first and second administration of ICI, at week 12 and week 24 of treatment and, when available, at 
progressive disease. (CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ICI, immune-checkpoint). The p-values are indicated in 
the figure when they resulted statistically significant. 
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were not associated with eosinophil count. Overall, our results suggest 
that baseline AEC ≥130/μL and the development of irAEs during ther-
apy were significantly associated with longer PFS and OS. Moreover, 
patients with higher AEC and patients who experienced irAEs of any 
grade had a significant better response to immunotherapy. Interestingly, 
we found an increase in AEC at the beginning of immunotherapy, 
whereas a decreasing trend was described at disease progression. Of 
note, the results of multivariate analysis suggest that higher AEC, PS 
ECOG ≤1, irAEs developed during therapy and pulmonary toxicity were 
independent prognostic factors for longer survival. 

Although growing evidence has emerged on the efficacy of anti-PD1/ 
PD-L1 agents in the treatment of several type of cancer, including 
NSCLC, [27] there is still a lack of available biomarkers that could 
predict clinical response and toxicity to immunotherapeutic agents in 
daily clinical practice. [8,9] Peripheral blood biomarkers are an 
attractive option compared to tumor tissue due to easy access and 
availability for routine monitoring during immunotherapy. AEC is a 
widely available parameter as part of the complete blood examination 
routinely performed for cancer patients before and during therapy. Eo-
sinophils are a subtype of granulocytic leukocytes that can influence 
homeostasis maintenance and integrity of tissues and are involved in 
numerous immune functions. [28] 

Eosinophilia, defined as a peripheral blood AEC greater than 0.5 ×
109/L, and eosinophils accumulation in the tissues are associated with 

different pathologic conditions, including allergic and chronic inflam-
matory disorders (e.g. asthma and inflammatory bowel diseases), 
parasitic helminth and viral infections, tissue injury and neoplastic 
diseases. [28,29] However, the specific role of eosinophils in cancer is 
still controversial: whether eosinophils play an active role or are by-
standers cells in tumor immune surveillance remains unclear. Hence, the 
relationship between eosinophils and other immune cells known to be 
involved in tumor immune surveillance is of considerable interest. 
Moreover, recent data suggest a divergent roles of eosinophils depend-
ing on the tumor histotype; although in different type of malignancies (e. 
g. melanoma, gastric, colorectal and oral squamous cancer) eosinophils 
have an anti-tumoral activity, in others (e.g. cervical carcinoma and 
Hodgkin’s lymphoma) they are associated with a poor prognosis. [15, 
30–32] Recently, in melanoma patients treated with ICIs has been re-
ported that eosinophils exert a potentially predictive role for response to 
immunotherapy and a significant association with prolonged survival, 
[16,33,34] thus, eosinophilia has emerged as a novel on-treatment 
biomarker. Conversely, the potential correlation of eosinophils count 
with clinical outcomes in NSCLC patients has been far less investigated. 

In addition, eosinophils are commonly found in tumor microenvi-
ronment (TME) of many different malignancies as part of the tumor- 
infiltrating immune cells. [32] In this context, several interactions be-
tween tumor cells and host immunity modulate the TME, contributing to 
tumor rejection or progression which, in turn, influence the prognosis 

Fig. 2. (A) Types and percentage of immune-related adverse events (irAEs) reported in the study population (G-I, gastro-intestinal). (B) Association between baseline 
absolute eosinophil count (AEC) and irAEs developed during therapy (p = 0.133). (C) Progression free survival (PFS) and (D) Overall Survival (OS) in patients who 
experienced irAEs during therapy compared to patients who did not experience toxicity. 
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and survival outcomes in cancer patients. [35] TATE is related to a good 
prognosis for cancer patients as reported in different studies. [15,36,37] 
Activated tumor-infiltrating eosinophils may promote cancer rejection 
by producing chemokines that recruit tumor specific CD8+ T-cells, 
enhancing their migration into the tumor [38] and can mediate the 
anti-tumor response by modulating TME through normalization of 
tumor vasculature and polarization of tumor-associated macrophages 
(TAMs) toward M1-like sub-population, which, in turn, facilitate the 
infiltration and activity of T-cells. In addition, through the release of 
major basic protein, eosinophils stimulate maturation of dendritic cells 
and their antigen-presenting ability, which is involved in the anti-tumor 
immune-response. Finally, eosinophils can play an active role in host 
immune response against tumor, as they exhibit a direct cytotoxic ac-
tivity on tumor growth via the release of granule-associated cytotoxic 
proteins inducing tumor cells apoptosis. [32,38–41] In the meta-analysis 
of Hu et al. [37] the presence of TATE was significantly associated with 
improved OS in patients with different solid tumors, such as colorectal, 
gastric and esophageal cancer, head and neck carcinoma and cervical 
carcinoma (HR=0.82, 95% CI 0.68–0.99, p = 0.041), but not with dis-
ease free survival (DFS). Moreover, TATE resulted inversely correlated 
with lymph node metastasis (OR = 0.59, 95% CI 0.40–0.87, p = 0.007), 
TNM stage (OR = 1.70, 95% CI 1.12–2.58, p = 0.013) and lymphatic 
invasion (OR = 0.58, 95% CI 0.36–0.91, p = 0.018). According to 
stratified analysis based on cancer types, TATE had a markedly positive 
effect in improving survival in colorectal cancer and esophageal cancer, 
as reported in this meta-analysis and in previous studies. [42–44] 

Our findings were consistent with data previously published in a 
retrospective study by Tanizaki et al., [25] which enrolled a study 
population similar to our cohort of patients. Authors retrospectively 
analyzed the relationship between survival and peripheral blood pa-
rameters, including AEC, in 134 patients with metastatic NSCLC treated 
with the anti-PD1 nivolumab. Similarly to our results, patients with high 
AEC measured before the start of treatment showed a significant better 
PFS (p = 0.02) and OS (p = 0.003) in the multivariate analysis. Likewise, 
in the retrospective study by Krishnan et al. [45] cancer patients who 
developed eosinophilia during ICIs therapy were more likely to achieve 
disease control and there was a non-significant trend towards improved 
OS in this group of patients. Authors also described an increasing 
number of patients who developed eosinophilia after the beginning of 
treatment. In detail, at baseline was present in 3.4% of patients, rising to 
8.9% and 17.8% by cycle 2 and week 6, respectively. In addition, au-
thors found that eosinophilia while on treatment was significantly 
correlated with the development of irAEs of any grade, although there 
was no association between severe immune-related toxicity and eosin-
ophilia. Similar to these results, we found a significant increase from 
baseline AEC after the first and second administration of ICI and a trend 
for an increased risk of developing irAEs during treatment in high-AEC 
group of patients. However, some substantial differences between the 
study by Krishnan et al. and our study should be highlighted. Firstly, the 
different cut off used for AEC as a predictor of response and toxicity; 
secondly, we focused on baseline AEC, while Krishnan and colleagues 
evaluated eosinophilia developed during immunotherapy; finally, the 
patient population in the study by Krishnan et al. was heterogeneous, as 
it included patients with either NSCLC, melanoma or other solid tumors. 

In contrast to our results, in the retrospective analysis of Soyano et al. 
[46], which evaluated peripheral blood biomarkers that correlate with 
outcome in NSCLC patients, baseline AEC was not found to have sig-
nificant association with response and outcomes to immunotherapy in 
advanced NSCLC patients. Moreover, authors reported no differences in 
the baseline AEC of patients who developed irAEs and those who did 
not. Differently from this study, Chu et al. [23] evaluated the association 
of baseline AEC with ICI-related pneumonitis and clinical outcomes in 
300 NSCLC patients. Authors found a higher overall risk of pneumonitis 
development for patients with AEC ≥125/μL (p = 0.013). Moreover the 
high-AEC group of patients had a higher ORR (p = 0.029) and a longer 
mPFS (p = 0.038). These results were consistent with those of our study, 

Table 2A 
Univariate and multivariate analysis of factors related to PFS, by the Cox’s 
regression model in all patients (n = 158).  

Variables Univariate analysis Multivariate analysis 
HR (95% CI) p-value HR (95% CI) p- 

value 

Gender (male vs female) 1.27 (0.89 - 
1.80) 

0.180   

ECOG PS:     
0 – – – – 
1 1.80 (1.08 – 

3.01) 
0.024 2.19 (1.24 – 

3.84) 
0.007 

2 3.04 (1.55 – 
5.99) 

0.001 2.62 (1.20 – 
5.72) 

0.016 

Smoking status:     
Never – – – – 
Former 0.30 (0.12 – 

0.73) 
0.008 0.50 (0.19 – 

1.33) 
0.167 

Current 0.30 (0.12 – 
0.73) 

0.008 0.50 (0.20 – 
1.24) 

0.133 

Histology (squamous vs 
non-squamous) 

1.08 (0.76 – 
1.54) 

0.663   

PD-L1 expression (<50% vs 
≥50%) 

0.57 (0.38 – 
0.86) 

0.007 0.54 (0.34 – 
0.85) 

0.007 

Baseline AEC vs (<130/μL 
vs ≥130/μL) 

1.70 (1.12 – 
2.58) 

0.012 1.77 (1.10 – 
2.86) 

0.019 

irAEs (yes vs no) 0.36 (0.23 – 
0.55) 

<0.001 0.63 (0.32 – 
1.23) 

0.177 

Pulmonary irAEs (yes vs no) 0.24 (0.07 – 
0.75) 

0.014 0.23 (0.07 – 
0.79) 

0.019 

Variables with p-value ≤0.05 in univariate model were analyzed in multivariate 
analysis model. 
HR, hazard ratio; CI, Confidence Interval; ECOG PS, Eastern Cooperative 
Oncology Group; AEC, absolute eosinophil count; irAEs, immune-related 
adverse events. 

Table 2B 
Univariate and multivariate analysis of factors related to OS, by the Cox’s 
regression model in all patients (n = 158).  

Variables Univariate analysis Multivariate analysis 
HR (95% CI) p-value HR (95% CI) p- 

value 

Gender (male vs female) 1.11 (0.79 – 
1.57) 

0.577   

ECOG PS:     
0 – – – – 
1 1.66 (1.13 – 

2.45) 
0.011 1.75 (1.17 – 

2.62) 
0.007 

2 3.25 (1.91 – 
5.53) 

<0.001 2.54 (1.42 – 
4.56) 

0.002 

Smoking status:     
Never – –   
Former 0.56 (0.30 – 

1.04) 
0.065   

Current 0.58 (0.32 – 
1.04) 

0.067   

Histology (squamous vs 
non-squamous) 

1.15 (0.81 – 
1.63) 

0.435   

PD-L1 expression (<50% vs 
≥50%) 

0.65 (0.44 – 
0.97) 

0.037 0.63 (0.41 – 
0.96) 

0.033 

Baseline AEC vs (<130/μL 
vs ≥130/μL) 

1.56 (1.11 – 
2.18) 

0.010 1.46 (1.02 – 
2.10) 

0.040 

irAEs (yes vs no) 0.31 (0.22 – 
0.45) 

<0.001 0.51 (0.30 – 
0.86) 

0.011 

Pulmonary irAEs (yes vs no) 0.33 (0.15 – 
0.70) 

0.004 0.37 (0.16 – 
0.85) 

0.019 

Variables with p-value ≤0.05 in univariate model were analyzed in multivariate 
analysis model. 
HR, hazard ratio; CI, Confidence Interval; ECOG PS, Eastern Cooperative 
Oncology Group; AEC, absolute eosinophil count; irAEs, immune-related 
adverse events. 
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in which AEC ≥130/μL resulted significantly associated with longer PFS 
and OS and with better ORR to therapy. On the other hand, we did not 
find a significant correlation between AEC and ICI-pneumonitis (p =
0.488), probably due to the limited number of pulmonary irAEs 
described in our study. Intriguingly, the threshold of baseline AEC used 
to divide the study population into high- and low-AEC groups in the Chu 
et al. study and in ours was similar, although it was identified by two 
different methods. This supports the reliability and the consistency of 
our findings on the association between eosinophil count and clinical 
outcomes. 

Finally, in our study population we confirmed the independent 
predictive role of irAEs experienced during therapy for a longer survival 
outcome. This result is consistent with a growing body of literature 
reporting in patients with NSCLC treated with anti-PD1/PD-L1 and 
experiencing immune-related toxicity during therapy a marked 
improvement in PFS, OS and ORR. [47–50] 

The strengths of our study are the data provided by a real-world 
cohort of patients with advanced NSCLC treated with ICIs and identi-
fied the role of AEC as a routinely available biomarker of response to 
therapy and a potentially predictor of irAEs development. In addition, 
we confirmed that patients who experienced immune-related toxicities 
during treatment had better outcomes. 

There are several limitations to the present study. First, its nature as a 
retrospective and single-center study. Likely, the relatively small study 
population also led to a lack of power to detect significant association 
between AEC and different subtypes of irAEs reported. Moreover, PD-L1 
expression data were not available for forty-three patients and it was not 
possible to assess whether mutational status correlated with baseline 
AEC due to the limited number of patients harboring driver mutations 
included in the analysis. In addition, as only few patients reported G3- 
G4 adverse events, it was not possible to separately analyze the associ-
ation between high AEC at baseline and the risk of developing irAEs in 
patients who experienced serious or non-serious adverse events, 
respectively. Another limitation of our study is that other potential 
confounders such as concomitant use of medications other than corti-
costeroids at baseline and at the onset of toxicity that could have altered 
levels of AEC, were not taken into consideration in the analysis, as data 
were not detailed in patients’ medical records. 

5. Conclusions 

Anti-PD1/PD-L1 inhibitors have revolutionized the therapy land-
scape in NSCLC. However, they are effective only in a percentage of 
patients and there is an urgent need for available biomarkers predictive 
of response and toxicity for immunotherapy. 

Our findings might help with risk stratification and treatment stra-
tegies to avoid unnecessary therapy and related toxicities in patients 
who are less likely to benefit from treatment. If validated, baseline AEC 
has the advantage of being easily integrated into clinical practice as a 
prognostic factor and a potential predictor of response to ICIs in NSCLC 
patients. In addition, future prospective studies could also assess the 
longitudinal trend in eosinophil count during immunotherapy and 
confirm whether an increase in terms of cell count as well as from 
baseline AEC correlates with clinical outcome and immune-related 
toxicity and whether a higher AEC is associated with a higher number 
of eosinophils in the tumor microenvironment. 

CRediT authoship contribution statement 

Conceptualization: EC, FM, SP; Collection of data: SF, CO, MRGM, 
BN; Interpretation of data: EC, SF, DL, SP; Data curation: LP, DL, EG, FS; 
Writing-original draft preparation: EC; Writing-review and editing: FM, 
SP, LA; Supervision: LV, CEC, LA. All authors have read and agreed to 
the published version of the manuscript 

Funding 

The present study did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors 

Declaration of Competing Interest 

The authors state that they have no relevant affiliations or financial 
involvement with any organization or entity with a financial interest or 
financial conflict with the topics or materials discussed in the present 
manuscript. 

Acknowledgement 

The authors are grateful to Irida Gjyshi for her help in revising the 
English in the final version of the manuscript. 

References 

[1] D.M. Pardoll, The blockade of immune checkpoints in cancer immunotherapy, Nat. 
Rev. Cancer 12 (2012) 252–264. 

[2] A.D. Waldman, J.M. Fritz, M.J. Lenardo, A guide to cancer immunotherapy: from T 
cell basic science to clinical practice, Nat. Rev. Immunol. 20 (2020) 651–668, 
https://doi.org/10.1038/s41577-020-0306-5. 

[3] F.R. Hirsch, G.V. Scagliotti, J.L. Mulshine, R. Kwon, W.J. Curran, Y.L. Wu, L. Paz- 
Ares, Lung cancer: current therapies and new targeted treatments, Lancet 389 
(2017) 299–311. 

[4] D.B. Doroshow, M.F. Sanmamed, K. Hastings, K. Politi, D.L. Rimm, L. Chen, 
I. Melero, K.A. Schalper, R.S. Herbst, Immunotherapy in non-small cell lung cancer: 
facts and hopes, Clin. Cancer Res. 25 (2019) 4592–4602, https://doi.org/10.1158/ 
1078-0432.CCR-18-1538. 

[5] J.R. Brahmer, R. Govindan, R.A. Anders, S.J. Antonia, S. Sagorsky, M.J. Davies, S. 
M. Dubinett, A. Ferris, L. Gandhi, E.B. Garon, et al., The Society for 
Immunotherapy of Cancer consensus statement on immunotherapy for the 
treatment of non-small cell lung cancer (NSCLC), J. Immunother. Cancer 6 (2018) 
1–15, https://doi.org/10.1186/S40425-018-0382-2. 

[6] J.M. Michot, C. Bigenwald, S. Champiat, M. Collins, F. Carbonnel, S. Postel-Vinay, 
A. Berdelou, A. Varga, R. Bahleda, A. Hollebecque, et al., Immune-related adverse 
events with immune checkpoint blockade: a comprehensive review, Eur. J. Cancer 
54 (2016) 139–148, https://doi.org/10.1016/j.ejca.2015.11.016. 

[7] M.A. Postow, R. Sidlow, M.D. Hellmann, Immune-related adverse events associated 
with immune checkpoint blockade, N. Engl. J. Med. 378 (2018) 158–168, https:// 
doi.org/10.1056/nejmra1703481. 

[8] A.M. Hopkins, A. Rowland, G. Kichenadasse, M.D. Wiese, H. Gurney, R. 
A. McKinnon, C.S. Karapetis, M.J. Sorich, Predicting response and toxicity to 
immune checkpoint inhibitors using routinely available blood and clinical markers, 
Br. J. Cancer 117 (2017) 913–920, https://doi.org/10.1038/bjc.2017.274. 

[9] G.T. Gibney, L.M. Weiner, M.B. Atkins, Predictive biomarkers for checkpoint 
inhibitor-based immunotherapy, Lancet Oncol 17 (2016) e542–e551, https://doi. 
org/10.1016/S1470-2045(16)30406-5. 

[10] J.M. Taube, A. Klein, J.R. Brahmer, H. Xu, X. Pan, J.H. Kim, L. Chen, D.M. Pardoll, 
S.L. Topalian, R.A. Anders, Association of PD-1, PD-1 ligands, and other features of 
the tumor immune microenvironment with response to anti-PD-1 therapy, Clin. 
Cancer Res. 20 (2014) 5064–5074, https://doi.org/10.1158/1078-0432.CCR-13- 
3271. 

[11] R.S. Herbst, J. Soria, M. Kowanetz, G.D. Fine, O. Hamid, H.E.K. Kohrt, L. Horn, D. 
P. Lawrence, S. Rost, D.N.A. Way, et al., Predictive correlates of response to the 
anti-PD-L1 antibody MPDL3280A, Nature 515 (2016) 563–567, https://doi.org/ 
10.1038/nature14011. Predictive. 

[12] O. Abdel-Rahman, Correlation between PD-L1 expression and outcome of NSCLC 
patients treated with anti-PD-1/PD-L1 agents: a meta-analysis, Crit. Rev. Oncol. 
Hematol. 101 (2016) 75–85. 

[13] C. Grigg, N.A. Rizvi, PD-L1 biomarker testing for non-small cell lung cancer: truth 
or fiction? J. Immunother. Cancer 4 (2016) 1–10, https://doi.org/10.1186/ 
s40425-016-0153-x. 

[14] E. Giommoni, R. Giorgione, A. Paderi, E. Pellegrini, E. Gambale, A. Marini, 
A. Antonuzzo, R. Marconcini, G. Roviello, M. Matucci-Cerinic, et al., Eosinophil 
count as predictive biomarker of immune-related adverse events (irAEs) in immune 
checkpoint inhibitors (ICIs) therapies in oncological patients, Immuno 1 (2021) 
253–263, https://doi.org/10.3390/immuno1030017. 

[15] B.P. Davis, M.E. Rothenberg, Eosinophils and cancer, Cancer Immunol. Res. 2 
(2014) 1–8, https://doi.org/10.1158/2326-6066.CIR-13-0196. 

[16] A. Moreira, W. Leisgang, G. Schuler, L. Heinzerling, Eosinophilic count as a 
biomarker for prognosis of melanoma patients and its importance in the response 
to immunotherapy, Immunotherapy 9 (2017) 115–121, https://doi.org/10.2217/ 
imt-2016-0138. 

[17] B. Weide, A. Martens, J.C. Hassel, C. Berking, M.A. Postow, K. Bisschop, 
E. Simeone, J. Mangana, B. Schilling, A.M. Di Giacomo, et al., Baseline biomarkers 
for outcome of melanoma patients treated with pembrolizumab, Clin. Cancer Res. 
22 (2016) 5487–5496, https://doi.org/10.1158/1078-0432.CCR-16-0127. 

E. Caliman et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0001
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0001
https://doi.org/10.1038/s41577-020-0306-5
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0003
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0003
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0003
https://doi.org/10.1158/1078-0432.CCR-18-1538
https://doi.org/10.1158/1078-0432.CCR-18-1538
https://doi.org/10.1186/S40425-018-0382-2
https://doi.org/10.1016/j.ejca.2015.11.016
https://doi.org/10.1056/nejmra1703481
https://doi.org/10.1056/nejmra1703481
https://doi.org/10.1038/bjc.2017.274
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1038/nature14011
https://doi.org/10.1038/nature14011
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0012
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0012
http://refhub.elsevier.com/S2468-2942(22)00093-4/sbref0012
https://doi.org/10.1186/s40425-016-0153-x
https://doi.org/10.1186/s40425-016-0153-x
https://doi.org/10.3390/immuno1030017
https://doi.org/10.1158/2326-6066.CIR-13-0196
https://doi.org/10.2217/imt-2016-0138
https://doi.org/10.2217/imt-2016-0138
https://doi.org/10.1158/1078-0432.CCR-16-0127


Cancer Treatment and Research Communications 32 (2022) 100603

8

[18] A. Martens, K. Wistuba-Hamprecht, J. Yuan, M.A. Postow, P. Wong, M. Capone, 
G. Madonna, A. Khammari, B. Schilling, A. Sucker, et al., Increases in absolute 
lymphocytes and circulating CD4+ and CD8+ T cells are associated with positive 
clinical outcome of melanoma patients treated with ipilimumab, Clin. Cancer Res. 
22 (2016) 4848–4858, https://doi.org/10.1158/1078-0432.CCR-16-0249. 

[19] J. Delyon, C. Mateus, D. Lefeuvre, E. Lanoy, L. Zitvogel, N. Chaput, S. Roy, A.M. 
M. Eggermont, E. Routier, C. Robert, Experience in daily practice with ipilimumab 
for the treatment of patients with metastatic melanoma: an early increase in 
lymphocyte and eosinophil counts is associated with improved survival, Ann. 
Oncol. 24 (2013) 1697–1703, https://doi.org/10.1093/annonc/mdt027. 

[20] C. Gebhardt, A. Sevko, H. Jiang, R. Lichtenberger, M. Reith, K. Tarnanidis, 
T. Holland-Letz, L. Umansky, P. Beckhove, A. Sucker, et al., Myeloid cells and 
related chronic inflammatory factors as novel predictive markers in melanoma 
treatment with ipilimumab, Clin. Cancer Res. 21 (2015) 5453–5459, https://doi. 
org/10.1158/1078-0432.CCR-15-0676. 

[21] L. Gaba, I. Victoria, E. Pineda, A. Fernandez, F. Aya, A. Prat, A.M. Arance, Changes 
in blood eosinophilia during anti-PD1 therapy as a predictor of long term disease 
control in metastatic melanoma, J. Clin. Oncol. 33 (2015), https://doi.org/ 
10.1200/jco.2015.33.15_suppl.9069, 9069–9069. 

[22] Y. Nakamura, R. Tanaka, H. Maruyama, Y. Ishitsuka, N. Okiyama, R. Watanabe, 
M. Fujimoto, Y. Fujisawa, Correlation between blood cell count and outcome of 
melanoma patients treated with anti-PD-1 antibodies, Jpn. J. Clin. Oncol. 49 
(2019) 431–437, https://doi.org/10.1093/jjco/hyy201. 

[23] X. Chu, J. Zhao, J. Zhou, F. Zhou, T. Jiang, S. Jiang, X. Sun, X. You, F. Fengying, 
S. Ren, et al., Association of baseline peripheral-blood eosinophil count with 
immune checkpoint inhibitor-related pneumonitis and clinical outcomes in 
patients with non-small cell lung cancer receiving immune checkpoint inhibitors, 
Lung Cancer 150 (2020) 76–82, https://doi.org/10.1016/j.lungcan.2020.08.015. 

[24] K. Schindler, K. Harmankaya, D. Kuk, J. Mangana, O. Michielin, C. Hoeller, 
R. Dummer, H. Pehamberger, J.D. Wolchok, M.A. Postow, Correlation of absolute 
and relative eosinophil counts with immune-related adverse events in melanoma 
patients treated with ipilimumab, J. Clin. Oncol. 32 (2014), https://doi.org/ 
10.1200/JCO.2014.32.15_SUPPL.9096, 9096–9096. 

[25] J. Tanizaki, K. Haratani, H. Hayashi, Y. Chiba, Y. Nakamura, K. Yonesaka, K. Kudo, 
H. Kaneda, Y. Hasegawa, K. Tanaka, et al., Peripheral blood biomarkers associated 
with clinical outcome in non–small cell lung cancer patients treated with 
nivolumab, J. Thorac. Oncol. 13 (2018) 97–105, https://doi.org/10.1016/j. 
jtho.2017.10.030. 

[26] Y. Lou, J.A. Marin-Acevedo, P. Vishnu, R. Manochakian, B. Dholaria, A. Soyano, 
Y. Luo, Y. Zhang, K.L. Knutson, Hypereosinophilia in a patient with metastatic non- 
small-cell lung cancer treated with antiprogrammed cell death 1 (anti-PD-1) 
therapy, Immunotherapy 11 (2019) 577–584, https://doi.org/10.2217/imt-2018- 
0128. 

[27] S. Bagchi, R. Yuan, E.G. Engleman, Immune Checkpoint Inhibitors for the 
Treatment of Cancer: clinical Impact and Mechanisms of Response and Resistance, 
Annu. Rev. Pathol. 16 (2021) 223–249, https://doi.org/10.1146/annurev-pathol- 
042020-042741. 

[28] S.P. Hogan, H.F. Rosenberg, R. Moqbel, S. Phipps, P.S. Foster, P. Lacy, A.B. Kay, M. 
E. Rothenberg, Eosinophils, Biological properties and role in health and disease 38 
(2008). ISBN 9781405157209. 

[29] P. Valent, A.D. Klion, H.P. Horny, F. Roufosse, J. Gotlib, P.F. Weller, A. Hellmann, 
G. Metzgeroth, K.M. Leiferman, M. Arock, et al., Contemporary consensus proposal 
on criteria and classification of eosinophilic disorders and related syndromes, 
J. Allergy Clin. Immunol. 130 (2012) 607–612, https://doi.org/10.1016/j. 
jaci.2012.02.019, e9. 

[30] S.C.S. Simon, J. Utikal, V. Umansky, Opposing roles of eosinophils in cancer, 
Cancer Immunol. Immunother. 68 (2019) 823–833, https://doi.org/10.1007/ 
s00262-018-2255-4. 

[31] S. Sakkal, S. Miller, V. Apostolopoulos, K. Nurgali, Eosinophils in cancer: 
favourable or unfavourable? Curr. Med. Chem. 23 (2016) 650–666, https://doi. 
org/10.2174/0929867323666160119094313. 

[32] F. Mattei, S. Andreone, G. Marone, A.R. Gambardella, S. Loffredo, G. Varricchi, 
G. Schiavoni, Eosinophils in the tumor microenvironment, Adv. Exp. Med. Biol. 
1273 (2020) 1–28, https://doi.org/10.1007/978-3-030-49270-0_1. 

[33] K. Buder-Bakhaya, J.C. Hassel, Biomarkers for clinical benefit of immune 
checkpoint inhibitor treatment-A review from the melanoma perspective and 
beyond, Front. Immunol. 9 (2018), https://doi.org/10.3389/fimmu.2018.01474. 

[34] I. Robinson, G. Santa Lucia, A. Li, N. Oberholtzer, J. Plante, K.M. Quinn, 
D. Reuben, S. Mehrotra, M. Valdebran, Eosinophils and melanoma: implications for 
immunotherapy, Pigment Cell Melanoma Res 35 (2022) 192–202, https://doi.org/ 
10.1111/pcmr.13025. 

[35] W.H. Fridman, F. Pagès, C. Sauts̀-Fridman, J. Galon, The immune contexture in 
human tumours: impact on clinical outcome, Nat. Rev. Cancer 12 (2012) 298–306, 
https://doi.org/10.1038/nrc3245. 

[36] A. Munitz, F. Levi-Schaffer, Eosinophils: ‘new’ roles for ‘old’ cells, Allergy 59 
(2004) 268–275. 

[37] G. Hu, S. Wang, K. Zhong, F. Xu, L. Huang, W. Chen, P. Cheng, Tumor-associated 
tissue eosinophilia predicts favorable clinical outcome in solid tumors: a meta- 
analysis, BMC Cancer 20 (2020) 1–9, https://doi.org/10.1186/s12885-020-06966- 
3. 

[38] R. Carretero, I.M. Sektioglu, N. Garbi, O.C. Salgado, P. Beckhove, G.J. Hämmerling, 
Eosinophils orchestrate cancer rejection by normalizing tumor vessels and 
enhancing infiltration of CD8 + T cells, Nat. Immunol. 16 (2015) 609–617, 
https://doi.org/10.1038/ni.3159. 

[39] L. Simson, J.I. Ellyard, L.A. Dent, K.I. Matthaei, M.E. Rothenberg, P.S. Foster, M. 
J. Smyth, C.R. Parish, Regulation of carcinogenesis by IL-5 and CCL11: a potential 
role for eosinophils in tumor immune surveillance, J. Immunol. 178 (2007) 
4222–4229, https://doi.org/10.4049/jimmunol.178.7.4222. 

[40] S. Gatault, F. Legrand, M. Delbeke, S. Loiseau, M. Capron, Involvement of 
eosinophils in the anti-tumor response, Cancer Immunol. Immunother. 61 (2012) 
1527–1534, https://doi.org/10.1007/s00262-012-1288-3. 

[41] R. Lotfi, M.T. Lotze, Eosinophils induce DC maturation, regulating immunity, 
J. Leukoc. Biol. 83 (2008) 456–460, https://doi.org/10.1189/jlb.0607366. 
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