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the efficacy of ICPI therapy.1 Currently, PD ‑L1 ex‑
pression is used as a companion diagnostic param‑
eter to clinical markers and a predictive indicator 
of the therapeutic efficacy to anti ‑PD ‑1 / PD ‑L1 an‑
tibodies.2 It is well known that using the immu‑
nostaining method for PD ‑L1 expression evalua‑
tion has several limitations.3 Namely, it does not 
show how the expression changes over time, eg, in 

IntroductIon Immune checkpoint inhibitors 
(ICPIs) have dramatically changed the treatment 
of non–small cell lung cancer (NSCLC) in recent 
years by demonstrating an overall survival bene‑
fit.1 At present, ICPIs are being used as the first‑
‑line treatment with or without chemothera‑
py. Programmed cell death ligand 1 (PD ‑L1) is 
the only established biomarker for predicting 
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AbstrAct

IntroductIon Programmed cell death ligand 1 is considered a predictor of the therapeutic effect of 
immune checkpoint inhibitors (ICPIs), but a more simple and useful predictor is needed.
objEctIvEs The aim of this study was to identify the relationship between eosinophil counts and 
percentages and response to ICPI therapy.
PAtIEnts And mEthods In 190 patients with non–small cell lung cancer (NSCLC) treated with ICPI 
therapy, peripheral eosinophil counts and percentages at the time of ICPI therapy initiation, the maximum 
counts and percentages of eosinophils during ICPI therapy, response to therapy, and time to treatment 
failure (TTF) were investigated.
rEsuLts Both an increase in the peripheral eosinophil count and an elevation of eosinophil percentage 
following the initiation of ICPI therapy were observed, regardless of whether the patients had controlled 
or progressive disease. The median time to the maximum eosinophil percentage was 5 weeks in patients 
with controlled disease and 2 weeks in those with progressive disease. The cutoff value for the maxi
mum eosinophil counts and percentage during ICPI therapy was set at 300/μl and 5%, respectively, to 
identify the presence or absence of a therapeutic effect. Time to treatment failure was longer in patients 
with maximum eosinophil counts exceeding 300/μl and a maximum eosinophil percentage above 5%. In 
a multivariable analysis, a maximum eosinophil percentage of 5% during ICPI therapy was a significant 
predictive factor for therapeutic efficacy.
concLusIons The measurement of peripheral eosinophils up to around 5 weeks following the initiation 
of treatment, especially the maximum eosinophils count and percentage, might provide useful informa
tion about the efficacy of ICPIs.
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the relationship between eosinophils and cancer 
immunity.10,17,26,27 The role of eosinophils in can‑
cer immunity remains unknown; however, the re‑
lationship among peripheral eosinophils and an‑
titumor effects, response duration, and survival 
has recently been of interest.6-8,10,11,16-18,26 As cur‑
rently there is no valid biomarker to replace PD‑
‑L1, expectations associated with the role of pe‑
ripheral eosinophils as biomarkers for ICPI effi‑
cacy have been rising.6-8,10,11,16-18,26 Yet, there are 
some unclear issues pertaining to the significance 
of peripheral blood eosinophils in ICPI therapy. 
We do not know what is of greater prognostic val‑
ue: the eosinophil count before ICPI therapy ini‑
tiation11,12 or a change in the eosinophil count af‑
ter starting treatment.6,8,10,15,17,18 Even if changes 
in the eosinophil count after ICPI therapy initia‑
tion are more relevant, it is unclear when the mea‑
sured eosinophil count is meaningful. Further‑
more, there has been uncertainty as to whether 
the relative increase in eosinophils or an increase 
in absolute numbers is crucial.

In the present study, we focused on peripheral 
eosinophils and aimed to clarify the relationship 
between eosinophil counts and percentages and 
the efficacy of ICPI therapy. This study was per‑
formed to determine whether eosinophils before 
or during ICPI therapy had a greater impact on 
patient response and whether eosinophil counts 
or percentages were a better predictor of thera‑
peutic response.

PAtIEnts And mEthods Patients We ana‑
lyzed the medical records of all patients diag‑
nosed with NSCLC in 3 tertiary hospitals in Ja‑
pan (Mito Medical Center, University of Tsuku‑
ba–Mito Kyodo General Hospital, Ryugasaki Sais‑
eikai Hospital, and Tsukuba University Hospital) 
between February 2016 and December 2019. Pa‑
tients with NSCLC treated with ICPI monother‑
apy, or combination therapy with ICPI and che‑
motherapy, during this period were included in 
this study. Lung cancer was diagnosed based on 
the World Health Organization classification. 
Tumor ‑node ‑metastasis staging (TNM Classifica‑
tion, 8th edition) using head computed tomogra‑
phy or magnetic resonance imaging, bone scans, 
and ultrasonography and / or computed tomog‑
raphy of the abdomen was performed in all pa‑
tients prior to ICPI therapy initiation. Patients 
with the following comorbidities and with a histo‑
ry of treatment for these conditions were exclud‑
ed: parasitic infestations, allergic diseases, auto‑
immune diseases, and hematologic malignancies. 
Patients with chronic obstructive pulmonary dis‑
ease and those with bronchial asthma and chron‑
ic obstructive pulmonary disease overlap requir‑
ing systemic steroid use were also excluded. Par‑
ticular attention was paid to adrenal insufficien‑
cy as an immune ‑related adverse event (irAE). 
Patients who developed eosinophilia associated 
with adrenal insufficiency as an irAE were exclud‑
ed from this study. Patient demographic data in‑
cluding age, sex, Eastern Cooperative Oncology 

response to interferon γ induction in the tumor 
microenvironment.3 Therefore, even in the same 
patient, the expression of PD ‑L1 may differ de‑
pending on the time of sample collection.3 In ad‑
dition, PD ‑L1 expression in tumors is not uni‑
form and it tends to be localized around inter‑
feron γ–producing T cells, resulting in differences 
between measurements at various biopsy sites.3 
Considering the challenges related to the method‑
ology and interpretation of PD ‑L1 immunostain‑
ing, other predictive factors have been sought. In 
recent years, it has been reported that peripheral 
blood leukocytes may be a promising predictor in 
ICPI therapy.4-19 A study by Tanizaki et al11 dem‑
onstrated that a low absolute neutrophil count, 
high absolute lymphocyte count, and high abso‑
lute eosinophil count were significantly and in‑
dependently associated with better survival. In 
that study, blood samples were obtained only 
within 7 days before ICPI therapy initiation. We 
also encountered a patient with a high periph‑
eral blood eosinophil count and a successful re‑
sponse to ICPI therapy.20 In clinical practice, de‑
termination of complete blood count (CBC) is es‑
sential for chemotherapy of advanced lung can‑
cer. If investigating the number of eosinophils and 
their percentage could help us predict the effica‑
cy of ICPI therapy, it would be a cheap and con‑
venient indicator. Eosinophils are known to play 
an important role in parasitic and allergic dis‑
eases, and the number of peripheral blood eo‑
sinophils is known to be increased in those pa‑
tients.21 On the other hand, eosinophil infiltra‑
tion into tumor lesions and peripheral eosinophil‑
ia have been reported in patients with cancer.22-25 
The exact mechanism and clinical importance 
of eosinophilia in peripheral blood and tumor 
tissue remain unclear. However, attempts have 
been made to elucidate it, albeit little by little, eg, 
the involvement of cytokines such as interleukin 
5 and interleukin 16 was examined.10,24 As men‑
tioned above, ICPIs have become common anti‑
tumor drugs in the treatment of cancer in vari‑
ous organs, and more attention is being paid to 

whAt’s nEw?

Immune checkpoint inhibitors (ICPIs) have revolutionized the treatment of 
patients with various types of carcinoma. The effect of this therapy on long
term survival is epoch making, but the benefits are limited to a certain group 
of patients. Also, it is difficult to identify patients who would benefit from the 
therapy before initiating treatment. Programmed cell death ligand 1 expression 
has been used as a biomarker for ICPI therapy. However, it exhibits a nonuniform 
immunostaining pattern across the cancer tissue, which leads to inaccuracies 
in interpreting the overall expression. In this study, we identified eosinophil 
percentages greater than 5% during ICPI therapy as a significant factor for 
the prediction of ICPI therapeutic efficacy in a multivariable analysis. It would 
not be difficult or expensive to include the measurement of eosinophils when 
measuring complete blood count and to observe the association of eosinophil 
counts and percentages with the efficacy of ICPI therapy. It may be possible 
to predict patient response to ICPI therapy based on peripheral eosinophils.
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to treatment discontinuation or the last follow‑
‑up visit. Time to treatment failure was estimat‑
ed by the Kaplan–Meier method and compared 
using the log ‑rank test. We used the Cox pro‑
portional hazards model and forward ‑backward 
stepwise method to determine the independent 
variables used in the final model. Time to treat‑
ment failure was the dependent variable in that 
model. All statistical analyses were conducted us‑
ing the BellCurve software for Excel, version 3.0 
(SSRI Co, Ltd, Tokyo, Japan). A P value less than 
0.05 was considered significant.

Ethics This study conformed to the  Ethical 
Guidelines for Clinical Studies issued by the Min‑
istry of Health, Labor, and Welfare of Japan. Writ‑
ten informed consent for a noninterventional 
retrospective study was obtained from each pa‑
tient. The analysis of the medical records of pa‑
tients with lung cancer was approved by the eth‑
ics committee of Mito Medical Center–Universi‑
ty of Tsukuba Hospital (NO 16–66).

rEsuLts Patient characteristics We analyzed 
the clinical characteristics of 190 patients who 
met all inclusion criteria within the study peri‑
od. Detailed data of the study patients are shown 
in tAbLEs 1 and 2. Of those 190 patients enrolled, 
149 (78.4%) were male. The median age was 69 
(range, 29–87) years. Lung cancers included 113 
cases of adenocarcinoma, 59 of squamous cell car‑
cinoma, and 18 of other types (8 cases of poorly 
differentiated NSCLC, 3 of large ‑cell neuroendo‑
crine carcinoma, 3 of pleomorphic carcinoma, 2 

Group score for performance status, histopathol‑
ogy, disease stage, PD ‑L1 expression, objective tu‑
mor 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 Tu‑
mors (Version 1.1).

Peripheral eosinophil count and percentage measure-
ment Eosinophil counts and percentages were 
measured at the same time as CBC measurements 
before and during ICPI therapy. Results were ob‑
tained from the medical records of each patient. 
Counts for leukocyte subpopulations were mea‑
sured by routine clinical laboratory analysis us‑
ing the Sysmex XN ‑3000 analyzer (Sysmex Co., 
Ltd. Kobe, Japan).

statistical analysis The χ2 test was used to com‑
pare nominal variables. We used the nonparamet‑
ric Mann–Whitney test to compare values with 
unknown population variance. Comparisons of 
3 or more independent groups were performed 
using the Kruskal–Wallis test. To determine the 
cutoff value, a receiver operating characteristics 
(ROC) curve analysis was performed. The opti‑
mal cutoff was determined as the value for which 
the point on the ROC curve had the minimum 
distance to the upper left corner. Time to treat‑
ment failure (TTF) was used to evaluate prolonged 
therapeutic efficacy. We adopted the definition of 
TTF that is commonly used in cancer treatment: 
the interval from initiation of therapy with ICPIs 

tAbLE 1 Characteristics of 190 study patients with non–small cell lung cancer treated with immune checkpoint 
inhibitor therapy

Characteristic ICPI monotherapy 
(n = 157)

ICPI + CBDCA containing 
chemotherapy (n = 33)

P value

Age, y, median (IQR) 69 (63–76) 69 (64–74) 0.55

Sex Male 124 25 0.65

Female 33 8

PS 0–1 133 30 0.43

2–3 24 3

Pathology AD 95 18 0.47

SQ 49 10

Other typesa 13 5

Stage IIIA–C 46 7 0.39

IVA 32 10

IVB 79 16

Treatment regimens were as follows: 84 patients on nivolumab monotherapy, 77 on pembrolizumab (48 on 
pembrolizumab monotherapy, 15 on pembrolizumab + carboplatin + pemetrexed, and 14 on pembrolizumab 
+ carboplatin + paclitaxel), and 29 on atezolizumab (25 on atezolizumab monotherapy, 2 on atezolizumab 
+ carboplatin + pemetrexed, and 2 on atezolizumab + carboplatin + paclitaxel). Comparisons of means between 
the 2 independent groups were performed using the χ2 or Mann–Whitney tests. Comparisons of 3 or more independent 
groups were performed using the Kruskal–Wallis test.

a Other types: 8 cases of poorly differentiated non–small cell lung cancer, 3 of large cell neuroendocrine carcinoma, 
3 of pleomorphic carcinoma, 2 of non–small cell lung cancer not otherwise specified, and 2 of adenosquamous cell 
carcinoma

Abbreviations: AD, adenocarcinoma; CBDCA, carboplatin; ICPI, immune checkpoint inhibitors; IQR, interquartile range; 
PS, performance status; SQ, squamous cell cancer
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to eosinophil counts at the time of ICPI therapy 
initiation and the maximum eosinophil counts 
and percentages during ICPI therapy. Changes in 
the percentage of eosinophils at the time of ICPI 
therapy initiation and the maximum percentage 
of eosinophils during ICPI therapy in each pa‑
tient with NSCLC are shown in Supplementary 
material, Figure S1.

determination of peripheral eosinophil cutoff values  
The ROC curve analysis was performed to de‑
termine the cutoff value that distinguished pa‑
tients with controlled disease from those with 
progressive disease. The ROC curves for eosino‑
phil counts and percentages at the time of ICPI 
therapy initiation and the maximum eosinophil 
counts and percentages during ICPI therapy are 
presented in FIGurE 2.

The area under the ROC curve for eosino‑
phil counts and eosinophil percentages at the 
time of ICPI therapy initiation was 0.6106 
(95% CI, 0.5198–0.7014) and 0.5849 (95% CI, 
0.4934–0.6764), respectively. The  area un‑
der the ROC curve for the maximum eosino‑
phil counts and the maximum eosinophil per‑
centage during the  ICPI therapy was 0.6442 
(95% CI, 0.5615–0.7269) and 0.6814 (95% CI, 
0.6007–0.7621), respectively. The most appro‑
priate cutoff values for patients with controlled 
disease and those with progressive disease were 
an eosinophil count of 330/μl and an eosinophil 
percentage of 5% during the ICPI therapy. When 
the cutoff value was set to 5%, the sensitivity of 
the model reached 60.7%, the specificity, 27.3%, 
and the odds ratio, 4.13.

Association of eosinophils at the time treatment failure 
with immune checkpoint inhibitors therapy Based 
on the cutoff values determined through the ROC 
curve analysis and those reported in previous 

of NSCLC not otherwise specified, and 2 of ade‑
nosquamous cell carcinoma). A total of 136 pa‑
tients had distant metastases. The ICPI mono‑
therapy was started in 157 patients, and 33 pa‑
tients received ICPI combined with carboplatin‑
‑containing chemotherapy. The following ICPIs 
were used: nivolumab in 84 patients, pembroli‑
zumab in 77, and atezolizumab in 29. As shown 
in tAbLEs 1 and 2, there was no difference in the pa‑
tients’ baseline data in terms of treatment reg‑
imens used.

distribution of peripheral eosinophils Peripher‑
al eosinophil counts at the time of ICPI therapy 
initiation and the maximum eosinophil counts 
during ICPI therapy are presented as box plots 
in FIGurE 1A and 1b, respectively. The distribution 
of the peripheral eosinophil percentage at the 
time of ICPI therapy initiation and the maximum 
eosinophil percentage during ICPI therapy are 
shown in FIGurE 1c and 1d, respectively. When eo‑
sinophil counts increased in a patient, their eo‑
sinophil percentage increased as well.

Eosinophil measurement in response to immune check-
point inhibitor therapy Eosinophil counts and per‑
centages at the time of ICPI therapy initiation as 
well as the maximum eosinophil counts and per‑
centages during ICPI therapy in the study pa‑
tients who did or did not respond to ICPI ther‑
apy are shown in tAbLE 3. There was a significant 
difference between patients with controlled dis‑
ease and those with progressive disease in terms 
of eosinophil counts at the time of ICPI therapy 
initiation and the maximum eosinophil counts 
and percentages during ICPI therapy. In tAbLE 4, 
we analyzed patients’ data on peripheral eosino‑
phils and response to ICPI therapy. Patients with 
complete response, partial response, stable dis‑
ease, and progressive disease differed with regard 

tAbLE 2 Characteristics of the study patients by the drugs used

Characteristic ICPI monotherapy  
(n = 157)

ICPI + CBDCA containing chemotherapy 
(n = 33)

P value

P  
(n = 48)

N  
(n = 84)

A  
(n = 25)

PEM + A 
(n = 2)

PEM + P 
(n = 15)

Taxol + A 
(n = 2)

Taxol + P 
(n = 14)

Age, y, median (IQR) 72 (68–78) 68 (60–76) 69 (60–73) 68 (59–76) 67 (65–72) 69 (64–75) 71 (65–76) 0.12

Sex Male 41 66 17 2 10 2 11 0.5

Female 7 18 8 0 5 0 3

PS 0–1 38 71 24 2 13 2 13 0.52

2–3 10 13 1 0 2 0 1

Pathology AD 30 46 19 2 13 2 1 0.29

SQ 16 29 4 0 0 0 10

Othera 2 9 2 0 2 0 3

Stage IIIA C 9 25 12 0 2 0 5 0.24

IVA 14 18 0 0 7 1 2

IVB 25 41 13 2 6 1 7

a Other types: 8 cases of poorly differentiated non–small cell lung cancer, 3 of large cell neuroendocrine carcinoma, 3 of pleomorphic carcinoma, 
2 of non–small cell lung cancer not otherwise specified, and 2 of adenosquamous cell carcinoma

Abbreviations: A, atezolizumab; N, nivolumab; P, pembrolizumab; PEM, pemetrexed; others, see tAbLE 1
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ICPI therapy was a significant predictive indicator 
for prolonged therapeutic efficacy, as were “good 
performance status” and “PD ‑L1 expression level 
of 50% or more” (tAbLE 5).

dIscussIon The level of PD ‑L1 expression has 
been used as a biomarker of the efficacy of ICPI 
therapy. However, PD ‑L1 commonly exhibits 
a nonuniform immunostaining pattern across 
cancer tissue, which leads to inaccuracies in in‑
terpreting the overall expression. Numerous stud‑
ies have sought to identify other biomarkers in 
ICPI therapy,10,17,26,27 but there is no established 
biomarker other than PD ‑L1.9 The identification 
of a biomarker that is also a routinely used clini‑
cal marker would be of value, as it may represent 
a convenient and low ‑cost option that does not 
require special equipment.

In our clinical practice, we observed a patient 
with NSCLC who responded to ICPI therapy dur‑
ing eosinophilia and progressed following eo‑
sinophilia normalization.20 Based on that ex‑
perience, we focused on the change in the num‑
ber of peripheral eosinophils before and during 
ICPI therapy by investigating the relationship 
between peripheral eosinophil counts and per‑
centages and the efficacy of ICPI therapy. Eosin‑
ophilia may develop in adrenal deficiency due to 
ICPI use.29,30 However, according to a review by 
Domagała ‑Kulawik et al,31 hematologic irAEs do 
occur very rarely. The authors noted that hema‑
tologic irAEs should be distinguished from tran‑
sient changes in laboratory blood test results 
at the time of ICPI therapy initiation. Eosino‑
phils play the key role in allergic and parasitic 
diseases. Although their role in cancer immunity 

studies,11,28 the maximum eosinophil count was 
set to 300/μl and the cutoff value, to 5%. Pa‑
tients were divided into 2 groups to examine 
TTF. Regarding eosinophil counts and percent‑
ages at the time of ICPI therapy initiation, a sig‑
nificant difference in TTF between the 2 groups 
was observed, when the cutoff values were set 
to 150/μl (P = 0.046) and 3% (P = 0.03), respec‑
tively. As for the maximum eosinophil counts 
and percentages during ICPI therapy, a signifi‑
cant difference in TTF between the 2 groups was 
noted, when the cutoff values were set to 150/μl 
(P <0.001), 300/μl (P <0.001), 3% (P <0.001), and 
5% (P <0.001), respectively (FIGurE 3). The multi‑
variable analysis of TTF showed that a maximum 
eosinophil percentage greater than 5% during 

FIGurE 1  A, b – box 
plots of pretreatment 
peripheral eosinophil 
counts (A) and maximal 
eosinophil counts 
measured during 
the course of immune 
checkpoint inhibitor 
therapy (b); 
c, d – distribution of 
the percentage of 
pretreatment peripheral 
eosinophils (c) and 
the maximum eosinophil 
percentage measured 
during the course of 
therapy (d)
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tAbLE 3 Peripheral eosinophils in the study patients with controlled and progressive 
disease

Eosinophils Controlled diseasea 
(n = 135)

Progressive disease 
(n = 55)

P value

At the time of ICPI therapy initiation

Count, n/μl 151 (97–297) 92 (62–245) 0.02

Percentage 2.4 (1.3–4) 1.9 (0.8–3.3) 0.07

During the ICPI therapy

Maximum count, n/μl 372 (187–741) 218 (133–381) 0.002

Maximum percentage 5.9 (2.9–8.3) 3.4 (1.6–5.3) <0.001

Data are presented as median (interquartile range). The Mann–Whitney test was used 
for statistical analysis.

a Patients with controlled disease included those with complete response, partial 
response, and stable disease.

Abbreviations: see tAbLE 1
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they also observed an enhanced eosinophil de‑
granulation and a positive correlation between 
eosinophils and CD8+ T cell infiltration of tu‑
mor tissues in patients with melanoma treated 
with ICPIs.10 Additionally, Umansky et al7 re‑
ported on the involvement of myeloid ‑derived 
suppressor cells and eosinophils in the thera‑
peutic effect of ipilimumab.7 In patients with 
melanoma, for example, an elevated peripheral 
eosinophil count at the time of diagnosis,8 dur‑
ing ipilimumab treatment,6 and after initial ICPI 
therapy10 were associated with a favorable prog‑
nosis. The relationship between peripheral eo‑
sinophils and the therapeutic effect of ICPI use 
was investigated not only in patients with mel‑
anoma but also in those with NSCLC11,13,16 and 
Hodgkin lymphoma.19 Regarding patients with 
NSCLC, there have been reports focused on eo‑
sinophilia before ICPI use.11,12 Tanizaki et al11 
used CBC measured within 7 days before ICPI 
therapy initiation.11 On the other hand, some 
studies have concentrated on the increase fol‑
lowing ICPI therapy initiation.10,16 Simon et al10 

was not mainstream, there have been reports 
on cancer patients with peripheral eosinophilia 
and those with eosinophil infiltration into tu‑
mors.22-25 The mechanism and clinical signifi‑
cance of eosinophilia in peripheral blood and 
tumor tissues remains unclear, but the involve‑
ment of some cytokines has been suggested.10,24 
In recent years, ICPIs have become common 
drugs for the treatment of cancer in various or‑
gans and more attention is being paid to the rela‑
tionship between eosinophils and cancer immu‑
nity.10,17,26,27 In particular, peripheral eosinophils 
as a biomarker of ICPI therapy efficacy have been 
a matter of interest.6-8,10,11,16-18,26 Simon et al,10 
who studied both basic and clinical aspects of 
peripheral blood eosinophils in ICPI treatment, 
demonstrated that response to ICPI treatment 
was associated with eosinophil accumulation in 
the peripheral blood of patients with melano‑
ma.10 Interestingly, they showed an association 
between elevated serum levels of interleukin 16 
and an increase in peripheral eosinophils dur‑
ing ICPI therapy. Using immunohistochemistry, 

tAbLE 4 Peripheral eosinophils and response to immune checkpoint inhibitor therapy in the study patients with 
non–small cell lung cancer

Eosinophils CR (n = 4) PR (n = 64) SD (n = 67) PD (n = 55) P value

At the time of ICPI therapy initiation

Count, n/μl 512 (347–635) 152 (88–282) 148 (104–265) 92 (62–245) 0.02

Percentage 7.5 (5.8–7.9) 2.4 (1.3–3.8) 2.2 (1.4–3.9) 1.9 (0.8–3.3) 0.09

During the ICPI therapy

Maximum count, n/μl 777 (457–1309) 437 (228–841) 244 (153–537) 218 (133–381) <0.001

Maximum percentage 8.4 (7.2–11) 7.1 (4.1–10.3) 4.2 (2.5–6.8) 3.4 (1.6–5.3) <0.001

Data are presented as median (interquartile range). The Kruskal –Wallis test was used for statistical analysis.

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease; 
others, see tAbLE 1

FIGurE 2  Receiver operating characteristics curves for the cutoff levels of eosinophil counts and percentages at the 
time of immune checkpoint inhibitor (ICPI) therapy initiation and the maximum eosinophil counts and maximum 
eosinophil percentages during the clinical course of immune checkpoint inhibitor therapy
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progressive disease. The median time to note the 
maximum eosinophil percentage was 5 weeks in 
patients with controlled disease. The ROC curve 
analysis showed that the cutoff values for patients 
with controlled disease and those with progres‑
sive disease were an eosinophil count of 330/μl 
and an eosinophil percentage of 5%, where an eo‑
sinophil count of 300/μl may be of use in clini‑
cal practice. We observed a significant difference 
in TTF between patients stratified by these cut‑
off values. Finally, we identified eosinophil per‑
centages greater than 5% during ICPI therapy as 
a significant predictive factor for prolonged thera‑
peutic efficacy in a multivariable analysis. The re‑
sults of this study suggest that it may be possi‑
ble to predict response to ICPI therapy from pe‑
ripheral eosinophils. Based on the obtained find‑
ings, we observed that changes in eosinophils af‑
ter treatment were more significant than those at 
the pretreatment stage. Furthermore, we deter‑
mined that changes in eosinophils noted within 
5 weeks of ICPI therapy initiation were of great‑
est importance.

Although clinically significant changes in eo‑
sinophil levels has been considered a potential 
biomarker for eosinophilia, there have been dif‑
ferent views on the significance of peripheral eo‑
sinophila. In other words, its importance as a bio‑
marker depended on whether it exhibited thera‑
peutic responsiveness, long ‑term progression ‑free 

evaluated peripheral blood drawn 12 to 32 days 
after the first administration of ICPIs.10 How‑
ever, it is not clear at which timepoint, before 
or after ICPI therapy, peripheral eosinophilia 
should be deemed relevant. If the change in eo‑
sinophils after ICPI therapy initiation is of clin‑
ical significance, there also appears the question 
as to when eosinophilia should be considered im‑
portant. In addition, it remains unknown which 
parameter is of greater importance—eosinophil 
counts or percentages—and what is the optimal 
cutoff value for each of them.

In the present study, we observed an increase 
in both peripheral eosinophil counts and eosino‑
phil percentages after ICPI therapy initiation, re‑
gardless of whether the patients had controlled or 

FIGurE 3  Time to treatment failure curves with a cutoff value for eosinophil (Eo) percentage of 3% (A) and 5% (b) and for eosinophil count of 
150/μl (c) and 300/μl (d) during immune checkpoint inhibitor therapy
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tAbLE 5 Results of multivariable analysis using the Cox proportional hazards model

Factor Exp 95% CI P value

PS (ECOG) 1.5112 1.1806–1.9344 0.001

PD L1 ≥50% 0.6549 0.4326–0.9914 0.0454

Maximum eosinophil 
percentage ≥5%

0.3978 0.2630–0.6016 <0.001

The forward backward stepwise method was used for the choice of independent 
variables used in the Cox proportional hazards model.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; Exp, exponential function; 
PD L1, programmed cell death ligand 1; others, see tAbLE 1
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survival, or good prognosis. Its significance was 
generally regarded as a feature of a favorable 
marker. On the other hand, there have been re‑
ports on patients who developed eosinophilia syn‑
drome with unfavorable complications.32,33 Con‑
sidering those complications, we hypothesized 
that eosinophilia after starting treatment is an in‑
dicator of cancer immunity initiation.

Admittedly, this study had several limitations. 
First, it was a retrospective study that includ‑
ed patients with various baseline characteris‑
tics. Second, it involved a limited number of pa‑
tients with a short follow‑up, and the number 
of patients required was not preset on a statis‑
tical basis. Third, we did not elucidate the rela‑
tionship between changes in eosinophils follow‑
ing ICPI therapy and the biological role of eosin‑
ophils. Fourth, in this study, there was no signif‑
icant difference in the patients’ baseline charac‑
teristics stratified by treatment regimens, so all 
patients were analyzed together. However, it was 
considered important to investigate the change 
of eosinophils according to treatment methods 
used. In particular, cytotoxic anticancer drugs can 
affect peripheral blood cells, so it may be neces‑
sary to analyze patients receiving them separate‑
ly. We showed that ICPI therapy was effective in 
patients who had increased eosinophil counts and 
elevated eosinophil percentages. Yet, it remains 
unclear whether this therapeutic effect weakened 
consistently with the decreasing eosinophil count 
and percentage. This issue could not be solved. It 
also should be clarified whether a temporary or 
continuous increase in eosinophils is of impor‑
tance. Our team is currently examining this is‑
sue. The latter seems to have a better prognosis 
so far (data not shown).

It would not be difficult or expensive to include 
the measurement of peripheral eosinophils when 
measuring CBC and investigate the association of 
eosinophil counts and percentages with the ef‑
ficacy of ICPI therapy. Along these lines, we are 
now planning a sufficiently powered large ‑scale 
study with a higher number of patients to con‑
firm the findings from this study.
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