
Cancer Science. 2021;112:339–346.     |  339wileyonlinelibrary.com/journal/cas

 

Received: 4 July 2020  |  Revised: 14 October 2020  |  Accepted: 15 October 2020

DOI: 10.1111/cas.14706  

O R I G I N A L  A R T I C L E

Eosinophil prognostic scores for patients with head and neck 
squamous cell carcinoma treated with nivolumab

Daisuke Nishikawa1,2  |   Hidenori Suzuki1 |   Shintaro Beppu1 |   Hoshino Terada1 |   
Michi Sawabe1 |   Shigenori Kadowaki3 |   Michihiko Sone2 |   Nobuhiro Hanai1

Abbreviations: BOR, best overall response; BRAF, v-raf murine sarcoma viral oncogene homolog B1; CR, complete response; DCR, disease control rate; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; GRIm-Score, Gustave Roussy Immune Score; ICI, immune checkpoint inhibitor; IL, interleukin; OS, overall survival; PD, progressive disease; PFS, 
progression-free survival; R/M HNSCC, recurrent or metastatic head and neck squamous cell carcinoma; REC, relative eosinophil count; REI, ratio of eosinophil increase; RR, response rate.

1Department of Head and Neck Surgery, 
Aichi Cancer Center Hospital, Nagoya, Japan
2Department of Otorhinolaryngology, 
Nagoya University Graduate School of 
Medicine, Nagoya, Japan
3Department of Clinical Oncology, Aichi 
Cancer Center Hospital, Nagoya, Japan

Correspondence
Daisuke Nishikawa, Head and Neck 
Surgery, Aichi Cancer Center Hospital, 1-1 
Kanokoden, Chikusa-ku, Nagoya, Aichi 464-
8681, Japan.
Email: dsknishi@aichi-cc.jp

Abstract
Although nivolumab, a programmed cell death 1 (PD-1) inhibitor, is a standard ther-
apy for platinum-refractory recurrent or metastatic head and neck squamous cell 
carcinoma (R/M HNSCC), no definitive biomarkers have been reported thus far. This 
study aimed to select promising prognostic markers in nivolumab therapy and to 
create a novel prognostic scoring system. In this retrospective cohort study, we re-
viewed patients with R/M HNSCC who were treated with nivolumab from April 2017 
to April 2019. We developed a prognostic score for immune checkpoint inhibitor (ICI) 
therapy that was weighed using hazard ratio–based scoring algorithms. Significant 
variables were selected from the multivariate Cox proportional hazard analyses on 
overall survival (OS). A total of 85 patients with HNSCC were analyzed in the pre-
sent study. The relative eosinophil count (REC), the ratio of eosinophil increase (REI), 
and Eastern Cooperative Oncology Group Performance Status (ECOG PS) were se-
lected as variables affecting the prognostic score. The patients were divided into four 
groups: very good (score = 0), good (score = 1), intermediate (score = 2), and poor 
(score = 3). The OS hazard ratios were 2.77, 10.18, and 33.21 for the good, intermedi-
ate, and poor risk groups compared with the very good risk group, respectively. The 
Eosinophil Prognostic Score is a novel prognostic score that is effective for predicting 
the prognosis of HNSCC patients treated with nivolumab. This score is more precise 
as it includes changes in biomarkers before and after the treatment.
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1  | INTRODUC TION

Recurrent or metastatic head and neck squamous cell carcinoma (R/M 
HNSCC) has a poor prognosis, particularly in platinum-refractory 
tumors, which are tumors that progress after platinum-based che-
motherapy.1 In recent years, immune checkpoint inhibitors (ICIs), par-
ticularly programmed cell death 1 (PD-1) inhibitors, have been widely 
used for multiple tumor types. The Checkmate 141 phase III random-
ized trial showed that overall survival (OS) was significantly prolonged 
with nivolumab treatment compared with standard therapy in patients 
with platinum-refractory R/M HNSCC (hazard ratio [HR] for death, 
0.70; 97.73% confidence interval [CI], 0.51-0.96; P = .01).2

Unlike conventional cytotoxic anticancer drugs, ICIs can result 
in long-term survival in some cases. However, the overall response 
rates (RRs) of ICIs are as low as 13%-17%.2,3 Therefore, prognostic 
and predictive biomarkers must be determined that can identify po-
tential responders to ICI therapy. Immunotherapy-specific prognostic 
markers are required rather than general prognostic markers for re-
current tumors because ICIs have different mechanisms than those 
of conventional cytotoxic anticancer drugs. Several indicators have 
been designated as immunotherapy-specific biomarkers. For example, 
previous studies have investigated tumor mutation burden (TMB),4 tu-
mor-infiltrating CD8+ T-lymphocyte (TIL),5 and programmed cell death 
ligand 1 (PD-L1) expression on the tumor surface.6 However, TMB has 
the disadvantage of having a cut-off value that varies depending on 
the tumor type.7 Moreover, the function of TILs may be suppressed 
by regulatory T-lymphocytes, and PD-L1 expression has the problem 
of heterogeneity of both intratumor and tumor sites.8 Therefore, no 
definitive biomarker for immunotherapy has been found to date. Thus, 
there is a great need for prognostic biomarkers that can predict re-
sponse and prognosis early during ICI treatment.

We have previously reported that the relative eosinophil count 
(REC) and Eastern Cooperative Oncology Group Performance Status 
(ECOG PS) at the initiation of nivolumab administration were prog-
nostic factors in patients with R/M HNSCC who were treated with 
nivolumab.9 The aims of the present study are to select promising 
prognostic markers in nivolumab therapy and create a novel prog-
nostic score for ICI treatment.

2  | MATERIAL S AND METHODS

2.1 | Patients and treatment

This retrospective study was approved by the institutional review 
board of Aichi Cancer Center Hospital (2020-1-019). Patients treated 
with nivolumab for R/M HNSCC from April 2017 to April 2019 at 
our institute were included in this study. We reviewed the electronic 
clinical records and extracted data on age, gender, ECOG PS, periph-
eral blood laboratory data, treatment history, and smoking status.

The patients received 3 mg/kg of nivolumab every two weeks from 
April 2017 to October 2018 and 240 mg/body every two weeks from 
November 2018. Tumor response was evaluated every 8-12 weeks, 

according to the Response Evaluation Criteria in Solid Tumors (RECIST), 
version 1.1, using computed tomography (CT) imaging.

2.2 | Statistical analysis

The prognostic scoring system of the present study was developed 
as follows: (a) Promising prognostic markers were selected, including 
the two peripheral eosinophilic markers described below, and (b) a 
modeling scoring system using HR-based scoring algorithms with the 
selected prognostic markers was applied. The primary outcome was 
OS, which was defined as the time from the first nivolumab adminis-
tration to the date of death or last contact. The secondary outcomes 
were (a) progression-free survival (PFS), which was defined as the 
time from the first nivolumab administration to the date of radiologic 
progressive disease (PD) or clinically unequivocal progression, and 
(b) the best overall response (BOR), which was defined as the best 
response from the start of nivolumab administration to PD. We used 
the Kaplan-Meier method to plot the survival curves and the log-
rank test to compare them. Multivariable Cox proportional hazard 
models were performed to evaluate HRs and 95% CIs.

First, we analyzed two peripheral blood biomarkers related to 
eosinophils: the REC and the ratio of eosinophil increase (REI). The 
REC was defined as the highest rate of eosinophil count divided by 
white blood cell (WBC) count (%) between the initial and second-
ary administrations of nivolumab, and the REI was defined as the 
REC at two weeks after the initial nivolumab administration divided 
by the REC at the initial nivolumab administration (%). Other pos-
sible prognostic markers were evaluated using Cox proportional 
hazard models. We selected variables significantly associated with 
OS (P < .05). Next, each selected variable was weighted using the 
HR-based scoring algorithms,10 and we created a novel prognostic 
score for patients with R/M HNSCC who were treated with ICIs. 
We used the area under the receiver operating characteristic (ROC) 
curve to determine the cut-off values of the continuous variables. 
Spearman’s rank correlation coefficient was used to analyze the cor-
relation of each continuous variable. The trend of the BOR within 
score groups was ascertained using the Cochran-Armitage trend 
test. Stratification analysis was performed according to the study 
period from April 2017 to April 2018 and from May 2018 to April 
2019. The statistical comparisons were two-sided, and statistical sig-
nificance was defined as a P value of <0.05. All analyses were per-
formed using the R version 1.6-3 software program (R Foundation 
for Statistical Computing).

3  | RESULTS

3.1 | Patient characteristics

A total of 107 patients were treated with nivolumab during the study 
period. Twenty patients were excluded from the study, including 
seven with non-SCC histology, five whose treatment response was 
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not evaluated, and eight who lacked information on ECOG PS and 
blood cell count. Finally, 87 patients were included in the analysis. 
The patient characteristics are shown in Table 1. The oral cavity was 
the most frequent primary site, followed by the hypopharynx, oro-
pharynx, and nasopharynx. Eighteen patients (20.7%) had a poor PS 
(ECOG PS = 2 or 3). Most patients (89.7%) had received previous 
radiation therapy.

3.2 | Survival analysis and selection of variables

The median PFS and OS were 2.8 (95% CI 2.1-5.2) and 13.2 (95% 
CI 8.8-17.0) months, respectively. Regarding the BOR, complete 

response (CR), partial response (PR), stable disease (SD), and PD oc-
curred in 6.9% (n = 6), 13.8% (n = 12), 25.3% (n = 22) and 54.0% 
(n = 47) of patients, respectively.

The results of the univariate and multivariate analyses for OS are 
shown in Table 2. ECOG PS ≥ 3 (HR 124.90, 95% CI 19.78-788.20; 
P < .001), REC ≥ 0.015 (HR 0.39, 95% CI 0.19-0.83; P = .01), and 
REI ≥ 15 (HR 0.39, 95% CI 0.19-0.82; P = .01) were significantly as-
sociated with OS in the multivariate analysis, whereas C-reactive 
protein (CRP), Alb, and neutrophil-to-lymphocyte ratio (NLR) were 
significantly associated with OS only in the univariate analysis.

3.3 | Eosinophil prognostic score and 
treatment outcomes

We selected three variables according to the multivariate analy-
sis results: ECOG PS, REC, and REI. No significant correlation was 
found between the two variables associated with eosinophils (REC 
and REI, correlation coefficient = .17; P = .114) (Figure 1). These vari-
ables were then weighted using the HR-based scoring algorithms10 
and divided into four prognostic groups: very good (score = 0), good 
(score = 1), intermediate (score = 2), and poor (score = 3) (Table 3). 
This score was named the Eosinophil Prognostic Score. The OS and 
PFS of the prognostic groups differed significantly. When assess-
ing OS, the patients with poor, intermediate, and good prognoses 
showed significantly higher HRs for death (poor: 33.21 [95% CI; 
6.83-161.60], moderate: 10.18 [95% CI; 2.34-44.34], good: 2.77 
[95% CI; 0.63-12.13]) compared with the very good group, respec-
tively (trend P < .001, Figure 2B). A similar trend was observed for 
PFS (trend P < .001; Figure 2A). A significant dose-response relation-
ship between the Eosinophil Prognostic Score and survival was ob-
served for both OS and PFS (trend P < .001). When stratification was 
performed according to the study period, baseline patient character-
istics between two cohorts were similar (Table S1). Moreover, similar 
trends were observed, without any significant difference (Table S2).

The BOR according to the Eosinophil Prognostic Score is shown 
in Figure 3. The disease control rates (DCRs: CR + PR + SD) of the 
poor, intermediate, good, and very good groups were 16.7%, 32.0%, 
57.9%, and 66.7%, respectively (Cochran-Armitage trend test 
P = .002). The RRs (CR + PR) of the poor, intermediate, good, and 
very good groups were 8.3%, 12.0%, 26.3%, and 33.3%, respectively 
(Cochran-Armitage trend test P = .048).

4  | DISCUSSION

We stratified the prognosis of HNSCC patients who were treated 
with nivolumab based on our prognostic score, which combines the 
ECOG PS, REC, and REI after the first nivolumab administration. To 
the best of our knowledge, this is the first report of a prognostic 
score of ICI efficacy for head and neck cancer. In addition, no previ-
ous studies have been found that established a scoring system using 
the eosinophil ratio and eosinophil increase.

TA B L E  1   Patient characteristics

Characteristic

Total (n = 87)

No. (%)

Age (y)

<65 44 (50.6)

≤65 43 (49.4)

Gender

Male 64 (73.6)

Female 23 (26.4)

Primary site

Oral cavity 28 (32.2)

Nasopharynx 14 (16.1)

Oropharynx 13 (14.9)

Hypopharynx 13 (14.9)

Larynx 8 (9.2)

Other 11 (12.6)

ECOG PS

0 23 (26.4)

1 46 (52.9)

2 13 (14.9)

3 5 (5.8)

Chemotherapy line

1 24 (27.6)

2 49 (56.3)

≤3 14 (16.1)

Radiation history

Yes 78 (89.7)

No 9 (10.3)

Prior systemic therapy

Platinum-based 59 (67.8)

Taxane-based 11 (12.6)

Cmab-contained 34 (39.1)

Other 17 (19.5)

Abbreviations: Cmab, cetuximab; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status. 
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Variable

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age (y)

<65 Reference .49 Reference .60

≥65 0.81 (0.45-1.47) 1.19 (0.62-2.26)

Gender

Male Reference .17 Reference .50

Female 1.57 (0.82-3.01) 1.31 (0.60-2.85)

ECOG PS

0 Reference Reference

1 3.15 (1.29-7.70) .012 2.69 (1.01-7.20) .048

2 3.97 (1.36-11.56) .012 2.77 (0.81-9.46) .10

3 87.83 (20.16-382.70) <.001 124.90 
(19.78-788.20)

<.001

Primary site

Others Reference .77

Oropharynx 0.88 (0.37-2.09)

Smoking status

Never Reference .050

Smoker 0.54 (0.29-1.00)

Albumin (mg/dL)

<3.5 Reference .003 Reference .30

≥3.5 0.39 (0.21-0.72) 0.68 (0.33-1.41)

CRP (mg/dL)

<1.0 Reference .011 Reference .53

≥1.0 2.18 (1.20-3.97) 1.30 (0.58-2.90)

LDH (IU/L)

<240 Reference .30

≥240 1.47 (0.71-3.05)

REC

<0.015 Reference <.001 Reference .014

≥0.015 0.24 (0.13-0.45) 0.39 (0.19-0.83)

REI (%)

<15 Reference .002 Reference .013

≥15 0.38 (0.21-0.70) 0.39 (0.19-0.82)

NLR

<5 Reference .008 Reference .49

≥5 2.24 (1.23-4.09) 1.30 (0.62-2.73)

Chemotherapy line

1-2 Reference .03 Reference .13

≥3 2.12 (1.06-4.24) 1.87 (0.83-4.22)

Cmab history

Reference .63

1.16 (0.64-2.08)

Abbreviations: CI, confidence interval; Cmab, cetuximab; CRP, C-reactive protein; ECOG PS, 
Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; LDH, lactate 
dehydrogenase; NLR, neutrophil to lymphocyte ratio; REC, relative eosinophil count; REI, ratio of 
eosinophil increase. 

TA B L E  2   Univariate and multivariate 
analyses for overall survival (OS)
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There have been several reports on prognostic scores of ICI 
treatments for other types of cancers. In non–small cell lung can-
cer (NSCLC) patients treated with anti-PD-1/PD-L1 antibodies, the 
ESPILoN score, which combines smoking history, liver metastasis, 
lactate dehydrogenase (LDH), and the NLR, was significantly cor-
related with PFS and OS.11 In recurrent/metastatic renal cell carci-
noma treated with anti-PD-1 antibodies, due to the Emory risk scoring 
system, which includes the monocyte-to-lymphocyte ratio (MLR), 

body mass index (BMI), and number of metastatic sites, patients in 
the very poor risk group had a significantly worse PFS and OS.12 The 
Gustave Roussy Immune Score (GRIm-Score) uses LDH, serum albu-
min, and the NLR and is reported to be significantly correlated with 
OS in patients who are administered anti-PD-1/PD-L1 antibodies for 
NSCLC.13 The RHM score is created by retrospectively extracting 
negative prognostic factors.14 The combined scores of LDH, serum 
albumin, and the number of metastatic sites were significantly cor-
related with PFS in NSCLC patients treated with anti-PD-1/PD-L1 
antibodies. Although some reports include indicators of peripheral 
blood cell count, e.g., NLR and MLR, no reports have evaluated indi-
cators related to eosinophils.

In a previous article, we reported that low REC was an indepen-
dent poor prognostic factor for both PFS and OS in patients with R/M 
HNSCC treated with nivolumab.9 This result was correlated with other 
previous reports on other types of cancer treated with ICIs,15-19 spe-
cifically colon, esophageal, penile, and prostate cancers. Eosinophils 
directly eradicate tumors by degranulating cytotoxic proteins, e.g., 
major basic protein (MBP).20 Moreover, eosinophils indirectly lead to 
tumor elimination by releasing chemoattractants, which induce the 
migration of tumor-specific CD8+ T-cells to the tumor.21 In the present 
study, eosinophil infiltration at the tumor site was not investigated. 
However, it has been reported that in patients receiving ICI treatment, 
the number of peripheral blood eosinophils is directly proportional 
to the number of eosinophils infiltrating the primary skin tumor.22 
Therefore, we assume that the high number of peripheral blood eo-
sinophils reflects the high number of tumor-infiltrating eosinophils.

F I G U R E  1   Spearman’s rank correlation 
coefficient (r) and P-value (p) between 
relative eosinophil count (REC) and ratio 
of eosinophil increase (REI)

TA B L E  3   Eosinophil prognostic score

Variable Score

ECOG PS

0 0

1-2 1

3-4 2

REC

≥1.5 0

<1.5 1

REI (%)

≥15 0

<15 1

Note: Prognostic groups(score): very good = 0; good = 1; 
intermediate = 2; poor = 3. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; REC, relative eosinophil count; REI, ratio of 
eosinophil increase. 
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Eosinophil recruitment at tumor sites is mediated by several 
chemokines produced by tumor cells. Tissue expression of eo-
taxin (CCL11), which is secreted by eosinophils, was correlated 
with the increased recruitment of eosinophils in Hodgkin lym-
phoma.23 In oral SCC, eotaxin is mainly secreted by eosinophils, 
which suggests the existence of an autocrine and/or paracrine 
pathway to maintain tissue eosinophilia.24 Additionally, dam-
age-associated molecular pattern (DAMP) molecules released 
by tumor necrotic tissue induces eosinophil migration.17,25 
High-mobility group box 1 (HMGB1) is one of these molecules. 
HMGB1 released from tumor necrotic tissues recruits eosino-
phils through a receptor for advanced glycation end products 
(RAGE) expressed on eosinophils and induces degranulation.26 
Thus, a high eosinophil count reflects an increase of tumor anti-
gens due to tumor necrosis and collapse. The increase of tumor 
antigens could lead to a high treatment response to immuno-
therapy. DAMPs also act as danger signals, alerting the immune 
system by binding to their receptors on immune cells. DAMP-
based danger signals directly activate innate immune cells in-
cluding dendritic cells, macrophages, neutrophils, and natural 
killer cells27; cause functional maturation of dendritic cells or 
neutrophils28; and facilitate proper tumor-associated antigen 
processing and presentation.29

The results of the present study showed that an eosinophil 
increase after nivolumab administration is also related to a better 
prognosis. We speculate that early eosinophil increase indicates 
the reactivity of immune function to ICIs and/or the progression 
of tumor lysis due to ICIs. Multiple studies have shown a cor-
relation between eosinophil increase during ICI treatment and 
longer OS. Delyon et al. reported that an increase in the eosino-
phil count > 100/mm3 between the first and second ipilimumab 
administrations was correlated with an improved OS in unresect-
able stage III or IV melanoma (median OS of 11.3 vs 6.8 months; 
P = .012).30 Gebhardt et al31 observed an early significant increase 
in eosinophil count in the peripheral blood after the first infusion of 
ipilimumab in responding patients (HR 23.2; P = .017). Although in-
creased eosinophil concentrations during ipilimumab therapy were 
correlated with an improved OS in metastatic melanoma patients, 
no correlation with OS was found for treatment with vemurafenib, 
a BRAF (v-raf murine sarcoma viral oncogene homolog B1) inhibi-
tor.32 This suggests that an increase in eosinophils is a specific indi-
cator of ICI treatments.

Eosinophilia is also observed during treatment with other immu-
notherapies. Interleukin-2 (IL-2) and IL-4 administrations for cancer 
patients were reportedly related to eosinophil degranulation.33,34 
Eosinophil degranulation on bladder cancer cells was observed after 
IL-2 administration.33 Similarly, the administration of IL-4 to cancer 
patients induced eosinophil degranulation based on increased levels 
of MBP in serum and urine.34 Hence, our prognostic score may be 
used for immunotherapies other than ICI treatments.

Nivolumab is the standard therapy for platinum-refrac-
tory R/M HNSCC. However, the low RR to nivolumab therapy 

F I G U R E  2   Kaplan-Meier curves of overall survival (A) and 
progression-free survival (B) of patients with head and neck 
squamous cell carcinoma treated with nivolumab according to the 
Eosinophil Prognostic Score
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encouraged us to develop an easy-to-use scoring system that can 
accurately estimate the efficacy of nivolumab therapy. Although 
the exact mechanism of the effects of eosinophils during ICI treat-
ment remain unclear, the Eosinophil Prognostic Score, which uses 
the REC and REI, appears beneficial for identifying patients who 
respond to ICI treatment. Some authors have reported a high RR 
to salvage chemotherapy after ICI failures in head and neck can-
cer, NSCLC, and urothelial cancer.35-37 Therefore, it is important 
to sequentially lead to the next regimen at the appropriate time. 
From that perspective, including the assessment of early changes 
in the eosinophil rate after the start of ICIs in the Eosinophil 
Prognostic Score contributes to switching to promising sequential 
chemotherapy from ICIs when the tumor has not responded to ICI 
administration.

There are some limitations to our study. First, this was a sin-
gle-institution retrospective study with a relatively small sample size 
and a short follow-up period. Second, some background patient data 
were unknown (e.g., comorbidities). Third, IL-5, which is reportedly 
associated with increased eosinophil count, was not investigated 
in this study. Fourth, validation in another separate cohort was not 
available. However, when stratified according to the study period, a 
similar trend was observed across two cohorts, suggesting that val-
idation might be obtainable. To replicate our findings, future large-
scale, multicenter studies are warranted.

We have created a novel prognostic score composed of the 
eosinophil count, eosinophil increase, and ECOG PS for nivolumab 
treatment. The Eosinophil Prognostic Score may be useful for de-
termining whether nivolumab treatment should be continued or 
changed to another chemotherapy regimen early in the nivolumab 
administration period.
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