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Abstract N
To date, no effective biological markers have been identified for predicting the prognosis of esophageal cancer patients. Recent |
studies have shown that eosinophils are independent prognostic factors in some cancers. This study aimed to identify the prognostic
impact of eosinophils in esophageal squamous cell carcinoma patients treated with concurrent chemoradiotherapy (CCRT).

This study enrolled 136 patients who received CCRT for locally advanced unresectable esophageal squamous cell carcinoma
(ESCC). We evaluated the survival time and clinical pathological characteristics of eosinophils. The Kaplan—Meier method was used to
estimate survival data. The log-rank test was used for univariate analysis and the Cox proportional hazards regression model was
used to conduct a multivariate analysis.

Kaplan—-Meier analysis revealed that high eosinophil infiltration correlated with better overall survival (OS) (P=.008) and better
progression-free survival (PFS) (P=.015). The increase in absolute eosinophil count after CCRT also enhanced OS (P=.005) and
PFS (P=.007). The PFS and OS in patients with high blood eosinophil count before CCRT (>2%) was better than those with low
blood eosinophil count(<2%) (P=.006 and P=.001, respectively). Additionally, the multivariate analysis revealed that disease stage
and high eosinophil infiltration, increased peripheral blood absolute eosinophil count after CCRT, and high peripheral blood eosinophil
count before CCRT were independent prognostic indicators.

High eosinophil count of tumor site, increased peripheral blood absolute eosinophil count after CCRT, and high peripheral blood
eosinophil count before CCRT are favorable prognostic factors for patients with ESCC treated with CCRT.

Abbreviations: CCRT = concurrent chemoradiotherapy, CT = computed tomography, ESCC = esophageal squamous cell
carcinoma, MRI = magnetic resonance imaging, NCCN = national comprehensive cancer network, OS = overall survival, PFS =
progression-free survival, PET/CT = positron emission computed tomography, RTOG = radiation therapy oncology group, TATE =
tumor-associated tissue eosinophilia.

Keywords: concurrent chemoradiotherapy, eosinophil, esophageal squamous cell carcinoma, peripheral blood, prognosis, tumor
site

1. Introduction

Esophageal carcinoma is one of the most common malignancies
worldwide and the sixth most common cause of cancer-related
death, with >400,000 new confirmed cases annually.?!
Esophagectomy is one of the primary treatment modalities,
and early detection and treatment increases the 5-year survival
rate to 90%. However, most patients diagnosed with esophageal
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cancer are already in the advanced stages, with only approxi-
mately 20% of cases being resectable.>* In view of this,
concurrent chemoradiotherapy (CCRT) for esophageal cancer
has gained increasing interest, as the combined effects of
radiotherapy and chemotherapy may be synergistic and
complementary for local control and prevention of distant
metastasis, thereby enhancing survival.l’! The standard nonsur-
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Figure 1. Infiltration of eosinophils into the esophageal squamous cell
carcinoma (ESCC) tissues. Eosinophils, the cytoplasmic granules of which
are stained bright red, are easily recognizable from other tissues (original
magnification 200 x ).

gical treatment option is mainly based on the results of the
Radiation Therapy Oncology Group (RTOG) 85-01 study,
which showed that definite CCRT had a 10-year survival rate of
20%.1%7) Moreover, a high local recurrence rate of 46% was
reported after definite CCRT in the RTOG and RTOG trials.[®!
To date, no effective biological markers have been identified for
predicting the prognosis of patients with esophageal cancer.”!

Prolonged low-grade inflammation or smoldering inflamma-
tion is a hallmark of cancer."® Among the inflammatory cells
implicated in the immune surveillance of cancer, a growing body
of evidence suggests a role for eosinophils in carcinogenesis.!*!!
Eosinophils are components of the immune microenvironment
that modulate tumor initiation and progression.!'”! The possible
function of tumor-associated eosinophils has not yet been
elucidated, but an increasing amount of evidence supports the
notion that crosstalk between cancer and inflammatory cells in
the tumor microenvironment influences tumor development,
progression, and resistance to radiochemotherapy and hence the
clinical outcome. In the majority of studies, the presence of
eosinophils at either the tumor site or in the peripheral blood is a
favorable prognostic factor for some cancers, indicating that
eosinophils play an antitumorigenic role in most clinical cancers.
In this study, we retrospectively analyzed the prognostic impact
of eosinophils in peripheral blood and at either tumor site in
patients with esophageal squamous cell carcinoma who were
treated with CCRT.

2. Materials and methods

2.1. Patients and tissue samples

A single-center retrospective study was conducted. The study was
approved by the Medical Ethics Committee of Mianyang Central
Hospital (approval no. S2020007). As clinical data were
analyzed anonymously, the ethics committee agreed to waive
the requirement for informed consent from the patients. We
retrospectively reviewed 136 patients with esophageal squamous
cell carcinoma in the advanced stages, primarily treated with
CCRT between 2008 and 2018 at Mianyang Central Hospital.
Age, sex, stage, differentiation grade of tumors, eosionophil-
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Clinicopathologic characteristics in 136 patients.
Clinicopathologic characteristics

Number of cases Percentage (%)

Age (years)
Median (range) 65 (41-88)
<70 42 30.9
>70 94 69.1
Sex
Male 93 68.4
Female 43 31.6
Differentiation
Low 53 39.0
Intermediate 80 58.8
High 3 0.2
Somaking
Yes 61 449
No 75 55.1
Drinking
Yes 59 434
No 77 56.6
Eosionophil-related disorder
Yes (Allergic, Asthmatic) 15 11.0
No 131 89.0
Radiation dose
>60 Gy 120 88.2
<60 Gy 16 11.8
Eosinophil count of tumor site
Low 18 13.2
Intermediate 97 71.4
High 21 15.4
Stage
I 35 25.7
I 69 50.7
I 32 23.6
Blood Eosinophilia absolute count
Before CCRT
<01 x10° 62 45.6
>0.1x10° 74 54.4
After CRT
<0.1x10° 87 64.0
>0.1 % 10° 49 36.0
Change of after CCRT
Increase 47 34.6
Decrease or No change 89 65.4
Blood Eosinophilia rate
Before CCRT (%)
<2 75 55.1
>2 61 449
After CCRT (%)
<2 84 61.8
>2 52 38.2
Change of after CCRT
Increase 55 40.4
Decrease or No change 81 59.6

related disorder, radiation dose, eosinophil count of tumor site,
and clinical data on eosinophils in peripheral blood before and
after CCRT were recorded. We count eosinophils in tumor site,
which includes the tumor itself and the area surrounding the
tumor. All patients, except for those clearly identified as deceased
in the records, were followed up via telephone or clinical visits.
The follow-up deadline was set to May 1, 2020.

We decided to perform all counts in H&E-stained sections, as
this technique is most widely used in laboratories. Eosinophils
were counted and graded as previously described by Fernandez-
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Acenero and van Driel et al[using a 40 x objective lens per high-
power field (HPF, 400 x )measuring0.24 mm? (Olympus BX45)]:
absence of eosinophils, low eosinophil count (<10/0.24 mm?),
intermediate eosinophil count (10-50/0.24mm?), and high
eosinophil count (>50/0.24 mm?).1*!

We collected data on eosinophils in the peripheral blood before
and after CCRT. The eosinophil count before concurrent CCRT
was obtained in the last blood analysis before concurrent CCRT
in patients who were admitted without any treatment. The
eosinophil count after concurrent CCRT was obtained in the first
blood analysis after CCRT. Moreover, we excluded patients with
fever and definite infection.

2.2. Statistical analysis

OS was defined as the time from treatment initiation to the last
follow-up or until the patients death. PFS was defined as the time
from treatment initiation until the first objective tumor
progression or death from any cause. Objective tumor progres-
sion was determined by biopsy and/or CT, PET/CT, whole body
bone scan, or MRI. SPSS 22.0 software (SPSS, Inc., Chicago, IL,
USA) was used in statistical analysis. The Kaplan-Meier method
was used to conduct a univariate analysis of eosinophils as a
predictor of patients OS. A log-rank test was used to compare
survival distributions. Cox proportional hazard regression was
used in a multivariate analysis of the impact of prognostic factors
on survival. In all analyses, P values <.05 were considered
statistically significant.

3. Results

3.1. Clinical characteristics

A total of 136 patients with esophageal squamous cell carcinoma
were included: 93 men and 43 women, aged41 to 88years
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(median, 65 years), constituted the total sample size. All patients
came from Sichuan Province. Three patients came from Yanting
County in Sichuan Province, one of several regions in China
where esophageal cancer is endemic. The other patients were
from the county adjacent to Yanting. Disease stages I-III were
determined using China’s clinical staging criteria for the no
operative treatment of esophageal cancer, and the number of
patients with stage I disease was the highest (n = 69). The
number of patients who received irradiation doses >60Gy (n=
120) far exceeded the number of patients who received
irradiation doses <60 Gy (n=16). For eosinophil count of
tumor site, most eosinophils are in the area surrounding at umor
and are rarely found in a tumor (about 2%). Because eosinophils
are present in every esophageal cancer tissue, we followed the
criteria reported by van Driel et al, dividing our patients into 3
groups: low eosinophil counts (<10/HPF) (n=18), intermediate
eosinophil counts (10-50/HPF) (n=97), and high eosinophil
counts (>50/HPF) (n=21) (Fig. 1). Taking the relationship with
0.1 x 10? as the cutoff, we divided the absolute eosinophil count
into 2 groups. The eosinophil count was divided into 2 groups by
the dividing line of 2%. The detailed clinical pathological
characteristics are summarized in Table 1. There were no
relationship between tumor differentiation and eosinophil count
at the tumor site (P=.40, the same result between eosionophil-
related disorders and eosinophil count of tumor site (P=.71).

3.2. Survival

Prognostic significance of eosinophils in peripheral blood and at
either tumor site was analyzed using the Kaplan—-Meier method.
Patients with high eosinophil infiltration had significantly better
overall survival (OS) (P=.008) and better progression-free
survival (PFS) (P=.015) compared with patients with low or
intermediate eosinophil infiltration (Fig. 2). The increase in blood
absolute eosinophil count after CCRT was positively correlated

1.0-
0.8
"
2 !
z High
5 06 ! "
] L
5 ‘
=
£ b
c — Htn,
2 04 e
w 1 .
o “i+, Intermediate
) B e
2 o
- 0.2 L T -
Low
0.0
T T T T T T I
00 20.00 40,00 60.00 8000 10000  120.00

Time (months)

1.09 q

0.8

High

0.4

Overall survival

T T T T I
40.00 €0.00 80.00 100.00 120.00

Time(months)

T T
0o 20.00

Figure 2. Kaplan—Meier survival curves of patients with ESCC: High eosinophil infiltration in ESCC correlated with better overall survival (OS) (P=.008; log-rank test)
and better progression-free survival (PFS) (P=.015; log-rank test) compared with low or intermediate eosinophil infiltration.
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Figure 3. Kaplan-Meier survival curves of patients with ESCC: The increase in blood absolute eosinophil count after concurrent chemoradiotherapy (CCRT) was
positively correlated with patient survival. It had enhanced OS (P =.005; log-rank test) and PFS (P=.007; log-rank test).

with patient survival. The increase in blood absolute eosinophil
count after CCRT also enhanced OS (P=.005) and PFS (P=.007)
(Fig. 3). The OS and PFS in patients with high blood eosinophil
count before CCRT (>2%) was better than those with low blood
eosinophil count (<2%) and both parameters showed significant
differences between the 2 groups (P=.001 and P=.006,
respectively) (Fig. 4).

Univariate analysis was performed and showed that age, sex,
irradiation dose, differentiation grade of tumors, eosionophil-

related disorder, smoking and drinking had no correlation with
prognosis. High eosinophil count at either tumor site (P=.01),
stage of esophageal carcinoma (P<.05), increase in absolute
blood eosinophil count after CCRT, and high eosinophil count in
peripheral blood before CCRT were significantly associated with
prolonged survival (Table 2). Multivariate analysis indicated that
clinical stage, eosinophil count of tumor site, increase in blood
absolute eosinophil count after CCRT, and high blood eosinophil
count (>2%) before CCRT correlated with PFS and OS and that
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Figure 4. Kaplan-Meier survival curves of patients with ESCC: The OS and PFS of patients with high blood eosinophil count before CCRT (>2%) was better than
those with low blood eosinophil count (<2%) and had significant differences (P=.001 and P=.006, respectively; log-rank test).




Yang et al. Medicine (2021) 100:3

www.md-journal.com

Univariable analysis of clinical pathological effectors on prognosis of esophageal squamous cell carcinoma patients.

PFS 0s
Characteristics Hazard Ratio (95% CI P Value Hazard Ratio (95% CI) P Value
Age
>70 1 1
<69 0.81 (0.52-1.27) .36 0.79 (0.50-1.27) .33
Sex
Male 1 1
Female 0.99 (0.63-1.58) .98 0.89 (0.55-1.44) .62
Differentiation
Low 1 1
Intermediate 1.69 (0.63-4.58) .30 1.66 (0.61-4.49) .32
High 3.13 (0.43-23.00) 26 3.17 (0.42-23.84) .26
Smoking
Yes 1 1
No 0.80 (0.52-1.22) 31 0.86 (0.55-1.35) 51
Drinking
Yes 1 1
No 0.70 (0.46-1.07) .98 0.78 (0.50-1.23) .29
Eosionophil-related disorder
Yes (Allergic, Asthmatic) 1 1
No 1.36 (0.66-2.81) .39 1.17 (0.56-2.43) .68
Radiation dose
>60 Gy 1 1
<60 Gy 1.14 (0.49-2.20) 71 1.098 (0.55-2.20) .79
Intratumoral eosinophil count
Low 1 1
Intermediate 0.45 (0.22-0.94) .03 0.47 (0.21-0.91) .04
high 0.57 (0.37-0.89) 01 0.53 (0.34-0.84) .007
Stage
I 1 1
I 1.75 (1.6-2.88) .03 1.69 (1.01-2.82) .04
[ 1.97 (1.42-2.73) .001 2.00 (1.42-2.83) .001
Blood Eosinophilia absolute count
Before CRT
<0.1x10° 1.10 (0.72-1.67) 68 1.14 (0.73-1.78) 57
>0.1x10° 1 1
After CRT
<0.1x10° 1.18 (0.55-1.83) 48 1.12 (0.56-1.71) 64
>0.1x10° 1 1
Change of after CRT
Increase 1 1
Decrease or No change 1.87 (1.16-3.0) .01 2.04 (1.23-3.40) .006
Blood Eosinophilia rate
Before CRT (%)
<2 1.8 (1.17-2.75) .007 1.12 ((1.35-3.33) .001
>2 1 1
After CRT (%)
<2 1.49 (0.96-2.32) .08 1.22 (0.72-2.07) .06
>2 1 1
Change of after CRT
Increase 1 1
Decrease or No change 1.02 (0.67-1.57) .92 1.05 (0.67-1.64) .84

they may be independent prognostic factors that affect the
survival times of patients with esophageal squamous cell
carcinoma (Table 3).

4. Discussion

Among the inflammatory cells implicated in the immune
surveillance of cancer, a growing body of evidence suggests
the role for eosinophils in carcinogenesis.''! In several meta-

analyses, we discovered that the presence of tumor-associated
tissue eosinophilia (TATE) was notably associated with
improved OS in patients with solid tumors.">'*n clinical
practice, the presence of eosinophils at the tumor site is a
favorable prognostic factor for most cancers. For example, in
gastric,!'>1®! colorectal,'>17~2%! nasopharyngeal,*!! oral,?>3!
laryngeal cancers,**' melanoma,*>=>"! small cell esophageal
carcinoma,®® and breast cancer,*” eosinophils appear play
antitumorigenic roles.
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Multivariate analysis of clinical pathological effectors on prognosis of esophageal squamous cell carcinoma patients.
PFS 0S
Characteristics Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value
Eosinophil count of tumor site
Low 1 1
Intermediate 0.53 (0.29-0.99) .04 0.43 (0.23-0.81) .09
high 0.23 (0.09-0.55) .001 0.19 (0.07-0.49) .01
Stage
| 1 1
Il 1.95 (1.01-3.54) .03 2.29 (1.19-4.38) .01
i 3.45 (1.80-6.59) .001 3.82 (1.91-7.67) .001
Blood Eosinophili absolute count
Change of after CCRT
Increase 1 1
Decrease or No change 1.74 (1.01-2.80) .02 1.85 (1.10-3.10) .02
Blood Eosinophili rate
Before CCRT (%)
<2 1.67 ((1.09-3.58) .02 2.05 ((1.30-3.23) .002
>2 1 1

Esophageal cancer is usually associated with inflammation;
therefore, TATE should be markedly associated with better OS in
esophageal carcinoma.?*3!! Zhang et al observed that the
infiltration of eosinophils in small cell esophageal carcinoma was
significantly increased compared with that in tumor adjacent
normal tissues, and eosinophil count was an independent
prognostic indicator for small cell esophageal carcinoma.?®!
Ishibashiet al published a retrospective study on TATE in human
esophageal squamous cell carcinoma and reported that the
number of tumor-associated eosinophils was significantly higher
in cases without venous invasion, LN metastasis, and clinical
recurrence.®?) Ohashietal. used the same tissue-related eosino-
phil count method to confirm that TATE is considered to be
involved in the biological behavior of early esophageal squamous
cell carcinoma, especially with regards to their metastatic
potential.’®3! Similar to the findings of these studies, our study
results indicate that high eosinophil infiltration at the tumor site is
a favorable prognostic factor for patients with esophageal
squamous cell carcinoma treated with CCRT.

Although most studies have analyzed the role of TATE, less is
known about the role of circulating eosinophils. A simple blood
analysis could reveal the status of the whole immune system and
is a convenient and economic method of clinical evaluation in
daily practice. In our study, besides paying attention to the
relationship between eosinophil infiltration at the tumor site and
prognosis, we also observed the predictive and prognostic roles of
peripheral blood absolute eosinophil count and rate. Liu et al
observed that, according to the hematologic test results before
neoadjuvant chemotherapy, patients with higher eosinophilic
granulocyte counts had a significantly greater opportunity for an
effective response.*?! Different studies have demonstrated the
association between peripheral blood eosinophil counts and
outcomes in several cancer types. For example, Moreira et al
reported that eosinophilia is a prognostic marker in patients with
metastatic melanoma.®3! Onesti et al indicated the survival of
many breast cancer patients with high eosinophil counts by the 3-
year follow-up.** Our study not only focused on a certain state
of eosinophils in peripheral blood but also found the relationship
between the changes in eosinophils in peripheral blood and
prognosis before and after CCRT. This indicates that the high

blood absolute eosinophil count after CCRT and blood
eosinophil count (>2%) before CCRT are favorable prognostic
factors for esophageal squamous cell carcinoma in the univariate
and multivariate analyses.

Radiotherapy and chemotherapy can affect the immune
microenvironment of tumor patients, and immune cells can
reflect the prognosis of patients to a certain extent. As recent
studies have suggested, eosinophils contain cytotoxic granular
proteins and, upon activation, secrete many cytokines that kill
tumor cells. Interleukin-5 secreted by stromal cells of the tumor
activates eosinophils, which in turn liberate toxic granules to
exert cytotoxic effects on tumor cells.®S! Tumor-infiltrating
eosinophils secrete chemo attractant cytokines that guide CD8+ T
cells toward the cancer tissue and induce normalization of the
tumor vasculature.?*! Eosophil-mediated antitumor function of
IL-33 against melanoma opens perspectives for novel cancer
immunotherapy strategies.””! The blood eosinophil count before
CCRT may more objectively reflect the immunity of patients than
the absolute eosinophil count. After CCRT, the increase in blood
absolute eosinophil count may demonstrate the immunity
enhancement of patients.

According to the value of the risk ratio, the prognostic and
predictive values of eosinophil infiltration at the tumor site are
better than those of the tumor stage, and the tumor stage is a
better predictor than the blood eosinophil count before
concurrent chemoradiotherapy (CCRT) and the change in the
absolute count of blood eosinophils after CCRT. However, our
study was a retrospective study and the number of patients was
small. More studies with larger numbers of patients are needed to
confirm the value of eosinophil count in the prognosis of patients
with esophageal squamous cell carcinoma treated with CCRT.

Our study is the first to report the prognostic impact of
eosinophils in peripheral blood and tumor sites in patients with
esophageal squamous cell carcinoma treated with CCRT.
However, our study is limited by biases inherent to retrospective
studies. First, the OS and PFS were larger than those in other
studies.***1 We attribute this difference to the exclusion of
patients with incomplete follow-up data from our study. In
China, many patients are not followed regularly after treatment
completion and are lost to follow-up, and most die. We excluded
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patients with missing data, which led to increased OS and PFS.
However, this exclusion had similar impacts on different groups.
Second, we obtained the eosinophil count after concurrent CCRT
in the first blood analysis after CCRT, with analysis time of 7 to
21days.

5. Conclusions

Our study indicates that high eosinophil count of tumor site,
increased peripheral blood absolute eosinophil count after
CCRT, and high peripheral blood eosinophil count before
CCRT are favorable prognostic factors in patients with
esophageal squamous cell carcinoma treated with CCRT.
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