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Abstract: (1) Background: Eosinophils importance as T2 inflammation markers is known to be
fundamental in asthma, chronic sinusitis, vasculitis. In cancer, despite their potential
antiproliferative effect, their role remains unclear. Our purpose was to describe the relation between
baseline blood eosinophil count (EOS) and overall survival in pancreatic ductal adenocarcinoma
(PDAC) patients. (2) Methods: We have analyzed retrospectively the data of 137 adult patients, who
underwent surgical treatment of PDAC between years 2012-2019 with no history of systemic steroid
use directly before surgical treatment and no metastases found intraoperatively. (3) Results:
EOS<0,1 G/l (vs. 20,1 G/l) was an independent prognostic factor for OS both the uni- and
multivariate Cox regression (respectively: HR=1,48, p=0,035 and HR=1,57, p=0,021). According to
EOS and PDAC stage, median OS were: in stage I-III, EOS 20,1 G/ group: 14,5 months, in stage I-
III, EOS <0,1 G/1 group: 8,0 months, in stage IV, EOS 20,1 G/I group: 7,0 months, in stage IV, EOS
<0,1 G/1 group: 5,0 months. (4) Conclusions: Peripheral eosinophilia seems to be a potential
independent prognostic factor. Further studies are necessary to confirm this hypothesis, since our
findings suggest that T2 inflammation may be the factor directly or indirectly lengthening survival
of PDAC patients.

Keywords: cancer biology; clinical observations; immunology; pancreatic ductal adenocarcinoma;
pancreatic cancer

1. Introduction

The outcomes of pancreatic ductal adenocarcinoma cancer (PDAC) surgical treatment did not
increase substantially in the last decades. 5-year survival time median still does not exceed 20 — 30%
with median overall survival (OS) up to 20 months [1]. Well-known predictive factors improving
these outcomes are administration of chemotherapy, pNO nodal status and RO resection with negative
resection margin [2]. Despite this, researchers try to find preoperative factors in peripheral blood,
other than tumor markers (carbohydrate an-tigens), affecting the OS in PDAC patients such as
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), eosinophil-lymphocyte
ratio (ELR), FT3 to FT4 conversion ratio or gender-specific coagulation profile [3-7]. Current research
commonly aims to find the mechanisms underlying the systemic inflammation caused by PDAC,
which is probably related to the microenvironment of the tumor causing immunologic disorder. This
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knowledge could lead to better understanding of pathogenesis of the disease and development of
patient-dedicated immunotherapies improving the outcomes [8].

The human immune system is the guardian of our well-being — it recognizes pathogens and
initiates a suitable response. Eosinophil is one of the elements of its arsenal. Eosinophils are
leukocytes taking a role in immunological responses of the organism by receptors for cytokines,
chemokines and adhesion molecules. It is involved in parasitic, bacterial, fungal and viral infections
as well as response to tissue damage and metabolic disorders, and as their involvement is promoted
by Th2 lymphocytes, eosinophilic inflammation is also named a T2 inflammation.. In recent years its
role in pathogenesis of various diseases has gained interest from researchers.

Eosinophils are regulated by adaptive immunity and treated as effector cells [9]. Under
physiological conditions there is high concentration of eosinophils in the gastrointestinal (GI) tract,
where they regulate mucosal immunoglobulin A (IgA) secretion by producing interleukin 1 (IL-1),
regulate the number of Th17 lymphocytes by expressing an antagonist for receptor of interleukin 1
(IL-1R) and regulate Treg differ-entiation through tumor growth factor 3 (TGF-{3) and retinoic acid
[10-12]. These processes take a role in maintaining the homeostasis between suppression and
promotion of cell proliferation. CCL11 (eotaxin-1) is one of the most important and effective
eosinophil-specific chemokine targeting eosinophils — it promotes its maturation in bone marrow,
triggers release of eosinophils into the blood and causes directed trafficking of eosinophils into tissue
[13]. Following this biological pathway Simson et al. in 2007 found out that eosinophils could have a
potential antiproliferative effect in in vivo studies in mice as an effector cell in cancer immune
surveillance — it is suppressing in vivo and in vitro carcinogenesis and/or the development of
chemically induced cancers [13]. Clear relationship between peripheral eosinophil count and cancer
development is not well known but blood eosinophilia has been already described as a prognostic
factor for OS or progression-free survival in some cases of solid cancer tumors such as melanoma,
colon cancer, neuroendocrine tumors, urothelial carcinoma, renal cell carcinoma, glioblastoma,
xanthoastrocytoma, ovarian cancer, prostate cancer, leiomyosarcoma, non-small cell lung cancer and
breast cancer [14-17]. Hypereosinophilia has also been described to be an early sign of the disease in
hematological cancer patients [18]. Knowledge about eosinophilia in and its relationship with OS in
PDAC patients undergoing surgical treatment is lacking, thus our aim was to determine prognostic
value of blood eosinophilia (EOS) in this group of patients.

2. Material and Methods

We have analyzed retrospectively the data from electronic medical record system of 137 adult
patients, who consecutively underwent surgical treatment of PDAC in General and Transplant
Surgery Department (Medical University of Lodz, Poland) between years 2012-2019 and fulfilled
inclusion (no history of systemic steroid use at least 1 month before surgical treatment, available: age,
sex, blood morphology baseline with white blood cell differential, tumor localization, grade, stage:
localized or regional, PDAC confirmation in post-operational histopathological examination,
survival time) and exclusion criteria (distant metastases found intraoperatively; neoadjuvant
chemotherapy; diagnosis or being under diagnostic process of: fungal or parasitic infection,
eosinophilic asthma, hypereosinophilic syndrome or EGPA, use of systemic steroids treatment at
least 1 month before surgery). All the patients were qualified to surgical procedure treatment without
preoperative diagnosis (due to the tumor size or diagnostic failure of preoperative percutaneous
biopsies) — including locally advanced stages where priority was to obtain a tissue sample.

Samples of peripheral blood for blood morphology test were collected on the admission to the
hospital (up to 24 hours before surgery). Eosinophil counts were obtained as part of routine
preoperative blood tests performed up to 24 hours before surgery. Blood samples were processed
using an automated hematology analyzer (Sysmex XN-2000), which provided a complete blood count
(CBC) with differential, including the absolute eosinophil count. The results were reported as
absolute eosinophils per liter (G/1), and patients were categorized based on eosinophil levels into two
groups: EOS 2 0.1 G/l and EOS < 0.1 G/1.
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The patients were classified according to the American Joint Committee on Cancer (AJCC) 8th
edition TNM staging system, which is commonly used to assess the extent of pancreatic cancer. This
staging system is based on three key factors:

e T (Tumor): The size and extent of the primary tumor.
e N (Nodes): The involvement of regional lymph nodes.
e M (Metastasis): The presence of distant metastasis.

We categorized patients into two major groups:

e  Stage I-III: This group included patients with resectable or borderline resectable disease. These
patients were eligible for curative surgical resection, either through pancreaticoduodenectomy
(for tumors located in the head of the pancreas) or distal pancreatectomy with splenectomy (for
tumors located in the body or tail of the pancreas).

e  Stage IV: This group comprised patients with unresectable, locally advanced, or metastatic
disease. These patients either underwent palliative surgery or biopsy depending on the extent
of the disease at the time of surgery.

Extreme values of baseline peripheral eosinophils count >0,4 G/l constituted 3,6% of all
observations (Figure 1). They were excluded from the analyses sensitive to the outliers (correlations);
but as this group was not statistically different from the rest of the study group (supplementary
material), in terms of tested clinical data, these patients were analysed along others in U tests and
survival analysis. We have decided not to involve PDAC patients undergoing surgical treatment after
2019 to ensure a sufficiently long follow-up as well as in purpose to avoid the influence of possible
COVID-19 on the calculations.
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Figure 1. Baseline eosinophils count in peripheral blood distribution in the whole group (n=137).

Statistical analyses were performed using Statistica 13.1 software. Nominal variables were
compared using the chi-square test, while continuous variables were analyzed with the Mann-
Whitney U test and Spearman’s rank correlation. Survival medians were estimated through the
Kaplan-Meier method. In the analysis of subgroups, differences in survival curves were evaluated
with the log-rank test or its equivalent for multiple group comparisons. Cox proportional hazards
regression was applied for survival analysis. Statistical significance was defined as p < 0.05 for all
tests.

3. Results

The study group consisted of 58 subjects presenting baseline EOS<0,1 G/1 (42,3%), 74 with EOS
between 0,1 and 0,4 G/l (54,0%) and 5 patients with extremely high EOS>0,4 G/l (general
characteristics of the study group is presented in Table 1). PDAC’s grade, localization, as well as
patients’ sex, age, EOS and relative eosinophilia levels did not differ statistically significantly between
the groups of stage I-IIl and IV (resectable vs. not resectable disease) while 6-, 12- and 24-months
survival percentages were longer in stage I-1II group, as expected (Table 2). There was no correlation
between EOS vs. overall survival values in the stage IV group; while in the stage I-III group a weak
but clearly visible correlation (R=0,24 and p= 0,060) was detectable (Figure 2). Subgroups according
to EOS (<0,1 G/1 vs. 20,1 G/1) also did not differ statistically significantly in the main clinical features
terms (Table 3), but OS was longer in EOS 20,1 G/I group (respectively: 6-months survival: n=27;
46,6% vs. n=50; 63,29%, p=0,051; 12-months survival: n=16; 27,6% vs. 35; 44,30%, p=0,045; 24-months
survival: n=2; 3,45% vs. n=14; 17,72%, p=0,011; Table 3). EOS status was also a statistically significant
OS predictor both in univariate (HR=1,48; p=0,035; Table 4) and multivariate (HR=1,57; p=0,021; Table
5) Cox proportional hazard regression, along with the stage (respectively, HR=1,88; p=0,001 and
HR=1,73; p=0,003). Dividing the whole study population according to stage and EOS status led to
distinguishing Kaplan-Meier curves with p=0,024 (Table 6 and Figure 3) with median survival times:
stage I-1II, EOS20,1 G/I equal 14,5 months, for stage I-III, EOS <0,1 G/ - 8,0 months; for stage IV, EOS
20,1 G/1 7,0 months and stage IV, EOS <0,1 G/I - 5,0 months..

Table 1. General characteristics of the study group.

Parameter - nominal N, %
Grade:
1 26; 19,0%
2 93; 67,9%
3 18; 13,1%

Tumor localization

Head
Body/tail 98; 71,5%
39; 28,5%
Stage
I-111 65; 47,4%
IAY 72; 52,6%
Sex
Female 79; 57,7%
Male 58; 42,3%
Survival

6-months 58; 42,3%
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12-months
24-months

Parameter — linear

Age, years
EOS, G/1

74; 54,0%
5;3,7%
Mean +SD; median;

IOQR; minimum; maximum
64,2+7,7; 65,0; 59,0-70,0; 46,0; 82,0
0,15+0,15; 0,11; 0,06-0,16; 0,00; 1,2

2,0+1,9; 1,6; 0,8-2,5; 0,0; 13,8

Relative eosinophilia, %

Table 2. Characteristics of the subgroups according to the stage.

Parameter - nominal Stage I-1II Stage IV
N, % N, % P
Grade:
1 11;17,46% 15; 21,74%
2 45;71,43% 45; 65,22% 0743
3 7;11,11% 9; 13,04% !
Tumor localization
Head 46; 73,02% 47; 68,12%
Body/tail 17; 26,98% 22; 31,88% 0,537
Sex
Female 29; 46,03% 29; 42,03% 0.644
Male 34; 53,97% 40; 57,97% g
Survival
6-months 40; 63,49% 34; 49,28% 0,100
12-months 31;49,21% 17; 24,64% 0,003
24-months 14; 22,22% 1;1,45% 0,000
M +SD; median;
Parameter — linear ea'n o me 1;?11, p
IQR; minimum; maximum
64,0+7,8; 66,0; 58,0-70,0; 47,0; 54,6+7,4; 65,0; 61,0-71,0; 46,0;
Age, years 820 730 0,149
0,18+0,08; 0,10; 0,06-0,15; 0,01; 0,13+0,10; 0,11; 0,06-0,19;
EOS, G/1 0,35 0,00; 0,40 0,773
1,69+1,14; 1,57; 0,94-2,19; 0,24; 1,89+1,42; 1,62; 0,72-2,53
. . I E 0 7 7 v 7 7 7 4 7 7 4 4 4 7 7 7 7 4
Relative eosinophilia, % 577 0,00; 7,67 0,773
0.45
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Figure 2. Baseline peripheral eosinophils count vs. overall survival distribution, according to the
stage. (a) stage I-III: Spearman’s R =0,24; p=0,060. (b) stage IV: Spearman’s R=0,07; p=0,578.

Table 3. Characteristics of the subgroups according to baseline peripheral eosinophils count.

Parameter - nominal <016/ 201G/ p
N, % N, %
Grade:
1 9; 15,52% 17;21,52%
2 44; 75,86% 49; 62,03% 0,207
3 5; 8,62% 13; 16,46%
Tumor localization
Head 40; 68,97% 58; 73,42%
Body/tail 18; 31,03% 21; 26,58% 0,568
Stage
I-1IT 29; 50,00% 36; 45,57% 0.607
v 29; 50,00% 43; 54,45% !
Sex
Female 30; 51,72% 49; 62,03% 0227
Male 28; 48,28% 30; 37,97% ’
Survival
6-months 27; 46,6% 50; 63,29% 0,051
12-months 16; 27,6% 35; 44,30% 0,045
24-months 2; 3,45% 14;17,72% 0,011
Parameter - linear Mean +SD; median; IQR; minimum; maximum
Age, years 63,8+8,6; 63,5; 58,0-70,0; 46,0;  64,5+7,0; 66,0; 59,0-70,0; 49,0; 0.663
g 81,0 82,0 !
0,05+0,03; 0,06 0,03-0,08; 0,0; 0,21+0,16; 0,15; 0,12-0,26;
EOS, G/1 0,09 0.10; 1,20 0,000
Relative eosinophilia, 0,86+0,53; 0,76; 0,48-1,17; 0,00; 2,92+2,03; 2,35; 1,67-3,28; 0.000
% 2,28 0,97; 13,79 !
Table 4. Univariate Cox regression parameters.
Parameter Effect level -reference level p HR HR 95%CI
Grade 1-3 0,177 0,53 0,28-1,00
2-3 0,134 0,54 0,12-0,93
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Localization Head - body/tail 0,508 0,88 0,59-1,30
Stage IV - I-1II 0,001 1,88 1,29-2,75
Sex Female - male 0,747 1,06 0,74-1,25
Age>65 years No - yes 0,414 0,86 0,60-1,23
EOS <0,1 G/1-20,1 G/1 0,035 1,48 1,03-2,13
Table 5. Multivariate Cox regression parameters.
Parameter Effect level -reference level p HR HR 95%CI
Grade 1-3 0,422 0,62 0,33-1,15
2-3 0,126 0,57 0,32-0,99
Localization Head - body/tail 0,427 1,18 0,79-1,76
Stage IV - I-11I 0,003 1,73 1,19-2,50
Sex Female - male 0,933 1,01 0,71-1,45
Age>65 years No - yes 0,360 0,84 0,59-1,21
EOS <0,1 G/1-20,1 G/1 0,021 1,57 1,07-2,31
Table 6. Survival time parameters according to stage and EOS.
Subgroup Median Mean OSSD No. of complete No. of lost n total
OS [m] OS [m] [m] observations observations
I-11I, EOS 20,1 G/1 14,50 19,33 16,85 30 6 36
I-1II, EOS <0,1 G/1 8,00 9,84 9,66 28 1 29
IV, EOS 20,1 G/1 7,00 8,57 7,56 42 1 43
IV, EOS <0,1 G/1 5,00 7,48 6,87 28 1 29
— IV, E0S<0,1 G/l
IV, EOS=0,1 G/l
- -~ Il EOS<0,1 G/
I-ll, EOS=0,1 G/I
e Dead , Lost
E
e
5
e
o
-
30 40 50 60 70

Survival time [m]

Figure 3. Kaplan-Meyer curves for subgroups according to the stage and baseline peripheral
eosinophils count [G/1]; p=0,024.
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4. Discussion
4.1. Eosinophilia and Malignancies

The interpretation of blood eosinophilia causes problems, both in terms of normal range
definition and its prognostic value for the risk of developing malignancies. Curran&Bertics in their
publication regarding gliomas made some interesting observations: firstly, immunity of atopic
conditions — high total IgE, IL-4 activation and in consequence eosinophil action may promote
anticancer processes, thus, secondly, that there were some data published that are in line with that
hypothesis; allergy, asthma and eczema diagnoses were associated with lower HR for glioma
development (OR=0,34-0,96, dependent on the study) [19]. Andersen et al. performed a research of
eosinophilia predictive value for solid cancer development in the Danish population. The researchers
used The Copenhagen Primary Care Differential Count (CopDIFF) Data-base containing morphology
test results from 626 157 adults from 2000 to 2010 and randomly chose 356 196 for statistical analysis.
They investigated 3-year incidence of any solid tumor, which revealed that patients with eosinophils
count between 0,5 — 1,0 G/l (mild eosinophilia) had 1,93 times higher risk of developing bladder
cancer in comparison to no (<0,5 x 109/1) or severe (= 1,0 x 109/1) eosinophilia [18]. In another study
they assessed the risk of 4-year all-cause mortality based on blood eosinophilia, revealing that it is
the highest for eosinopenia, the lowest for individuals with EOS about 0,15 G/1 and for higher values
it increases proportionally to EOS level [19]. We have compared our results with the Andersen team’s
findings (Figure 4). At the EOS level 0-0,1 G/1 the two OR trend lines seem identical but with higher
values a reverse trend is visible for PDAC patients.
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Figure 4. Odds ratios for all-cause mortality: black line - 1-year all-cause mortality, current study;
black histogram — blood eosinophilia values dispersion in current study; grey lines - 4-year all-cause
mortality, Andersen et al.; grey histogram — blood eosinophilia values dispersion in Andersen et al.
study; the histograms of blood eosinophilia are included for illustrative purposes - black for the
current study, grey from Andersen et al. study [19].

The association between eosinophils concentration and OS was examined in several types of
cancers. Alves et al. described eosinophilia >0,5 G/I to be a positive predictive factor for better
outcomes (non-progression) in non-small cell lung cancer patients undergoing immunotherapy.
Hypereosinophilia was also associated with higher risk of immune-related adverse effects such as
asthenia, hypothyroidism, pneumonia and pruritus [16]. In a group of patients with various cancers
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(including PDAC), it was shown that survival (OS) is higher in the group of patients with
eosinophilia. The occurrence of eosinophilia was associated with better disease control - each increase
of 0,1 x 10%1 in the number of eosinophils was associated with a 28% increase in the chance of better
disease control. Additionally, eosinophilia was associated with a higher risk of treatment toxicity [20].

Ghebeh et al. investigated the association of eosinophil count with response to
chemoimmunotherapy in advanced triple-negative breast cancer. Higher eosinophil count and
increase in peripheral blood eosinophil count >0,3 G/1 during the treatment was associated with better
OS in this group of patients [17]. Meta-analysis authored by Hu et al. [21] summarized and proved
the tumor-associated tissue eosinophilia (TATE) link to favorable clinical outcome, which was
described as protective in: oral cancer [22,23], laryngeal cancer [24], nasopharyngeal cancer [25],
colorectal cancer [26-29], esophageal cancer [30,31], Hodgkin’s lymphoma [32], gastric cancer [33],
penile cancer [34], cervical cancer [35]; without prognostic significance in oral cancer [36] and bladder
cancer [37] and as predictor of shorter OS in tongue cancer [38], head and neck cancer [39], laryngeal
cancer [40,41], Hodgkin’s lymphoma [42,43] and cervical cancer [44]. Although the relation between
TATE and tumor-associated blood eosinophilia (TABE) is not yet determined in patients with solid
malignancies, it seems reasonable to assume that as it is adopted in eosinophilic asthma, TATE and
TABE represent each other.

4.2. Eosinophilia in PDAC Patients

Despite the increasing number of reports on the role of eosinophilia in the development of cancer
disease, pancreatic cancer is almost a blank page in this topic. The available literature is limited to
some case reports [45-49] and retrospective studies by Holub [14], Abu-Shawer [49], Ohkuma [50]
(Table 7).

Table 7. Characteristics of studies regarding EOS predictive value for OS in PDAC patients. N/A - not

available.
Parameter Holub Abu-Shawer Ohkuma Current study
Year 2020 2020 2021 2023
Protocol retrospective retrospective retrospective retrospective
n 66 355 67 137
Subjects 'w1th distant No Yes No No
meta included?
Resection status known Yes No Yes Yes
Chemotherapy Yes N/A N/A N/A
Radiotherapy Yes N/A N/A N/A
EOS: ian;

5 m?gl/‘f]“’ e 0,150,189 0,140; 0,190 N/A 0,11;0,15
Cut-off point 0,5 0,143 0,126 0,1
Result from univariate 20,5, HR 1,9 >0,143 HR=0,9 >0,126 HR=0,51 <0,1: HR 1,48
Cox regression p=0,300 p=0,54 p=0,042 p=0,035

Holub et al. analyzed the records of patients who had undergone External Beam Radiotherapy;
the information about qualification to this regiment is lacking. The cuf-off point adopted was EOS 0,5
G/1 with <0,5 subgroup of n=63 (95,5%) vs. >= 0,5 G/1 n=3 (4,5%) and applying this division lead to no
statistically important results in Cox proportional hazard regression for OS; while in progression free
survival univariate Cox analysis EOS >=0,5 corresponded to good prognosis and the result was
statistically significant (HR=0,25, p=0,024). Nevertheless, ELR (eosinophil to lymphocyte ratio), also
analyzed by Holub et al. revealed to be a predictor for OS: with shorter survival associated with ELR
<0,04 (univariate HR=3,33 p=0,001). This group constituted 13,6% of the whole study group and was
characterized by EOS median=0,0 G/1 (range= 0,0-0,1 G/1); which de facto corresponds to eosinopenia,
and its poor prognosis is consistent with our study findings [14]. The study of Abu-Shawer et al.
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concentrated on detecting metastases; the cut-off point was chosen to predict their presence; despite
this fact the results also seem to be in line with ours (worse prognosis for low EOS values) [49].

Ohkuma et al. reported that higher eosinophil counts and eosinophil-to-lymphocyte ratios were
associated with improved survival in patients with stage II resectable PDAC. In contrast, our study
examined the prognostic value of eosinophils across a broader range of stages (I-IV) and found that
while eosinophilia (defined as EOS > 0.1 G/I) was associated with better survival outcomes, the overall
median survival times were shorter than those reported by Ohkuma et al. Several factors may account
for this discrepancy:

e Patient Population: Our cohort included patients with both resectable (Stage I-III) and
unresectable (Stage IV) PDAC, while Ohkuma et al. focused solely on resectable stage II patients.
The inclusion of patients with advanced-stage disease in our study likely contributed to the
overall shorter survival outcomes.

e  Follow-up and treatment protocols: The duration of follow-up and the therapeutic approaches,
such as adjuvant chemotherapy and radiation, varied between studies. In our cohort, patients
with stage IV disease were more likely to have received palliative care, which could explain the
shorter survival times observed. The specific treatment protocols followed by patients in the
Ohkuma study were also not explicitly comparable to ours, potentially contributing to the
differences in outcomes.

e  Methodology: Differences in the statistical methodologies used may also explain the variation
in survival data. While both studies used Cox proportional hazard models, the cutoff points for
eosinophil levels and the variables included in the multivariate analyses differed. Ohkuma et al.
used a cutoff of EOS < 0.126 G/I, while we used EOS < 0.1 G/1. Additionally, our study did not
focus specifically on the eosinophil-to-lymphocyte ratio, which may further explain the
differences in our results.

Despite these discrepancies, both studies reinforce the hypothesis that eosinophils may play a
protective role in the immune response against pancreatic cancer. Our findings suggest that
eosinophilia is associated with longer survival, particularly in earlier stages of PDAC, but further
investigation is needed to fully understand the biological mechanisms underlying these observations
[50].

Despite the shortcomings in methodology, all the papers report similar distribution of EOS
values as well as matching direction of low EOS prognosis; also, hypereosinofilic patients’ status
seems to be unclear (Holub et al. & current study). None of the previous studies proposed a
hypothesis explaining the observations.

4.3. Anti-Eosinophil Treatment and the Risk of Developing Malignancy

The exact definitions of eosinopenia and hypereosinophilia vary between the laboratories and
publications; in general eosinopenia is defined by no eosinophils detected in peripheral blood
morphology test or low count near to 0 G/], e.g., 0 - 0,05 G/1 or 0,01 G/, while hypereosinophilia, a
state of too high blood eosinophilia is defined as mild (0,5 - 0,15 G/I), moderate (0,15 - 5,0 G/I) or
severe (>5,0 G/I) [50,51]. Normal range should be located in between, but as the knowledge about
eosinophilic diseases evolves and the criteria for treatment follow, “the norm” conception becomes
elusive and uncertain. Authors discuss whether the optimum criterium for anti-eosinophil treatment
is EOS >0,3 G/l or 0,15 G/]; this should certainly be interpreted as an indication that the interpretation
of blood counts will change in the near future and blood eosinophilia “the normal range” needs to be
reestablished. Nevertheless, it is indisputable that in a state of eosinophilic inflammation (T2
inflammatory diseases like eosinophilic asthma, chronic rhinosinusitis etc.), even theoretically
normal levels of eosinophils speak in favor of benefit from anti-eosinophil treatment, so in its essence
it is the symptom of disease.

Conclusions from the studies investigating safety of anti-eosinophil therapies are also
interesting. Benralizumab - a monoclonal antibody directed against the interleukin 5 « receptor,
which causes a rapid, almost complete reduction in the number of eosinophils as a result of increased
antibody-dependent cellular cytotoxicity and consequently causes eosinopenia in treated people.
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SIROCCO, CALIMA, ZONDA, BORA and MELTEMI studies on benralizumab use in patients with
severe, uncontrolled eosinophilic asthma proved it was generally well-tolerated, with no apparent
association between treatment and increased risks of infections or malignancies [51,52].
Mepolizumab as a humanized IgG1 kappa monoclonal antibody, directly binds to circulating IL-5
and reduces the number of eosinophils by inhibiting IL-5 signaling [53]; patients present substantially
reduced blood eosinophilia. To analyze the long-term effects and safety of mepolizumab, a
randomized, double-blind, placebo-controlled study was conducted with mepolizumab in adults
with FIP1L1/PDGFRA-negative hypereosinophilic syndrome which also confirmed safety of anti-
eosinophil therapy in the context of carcinogenesis; similarly in tests on subject with eosinophilic
asthma [54]. These results, together with Andersen et al. studies strongly suggest that not blood
eosinophilia per se, but the mechanism underneath it shall be blamed for the dismal prognosis of
eosinopenia.

4.4. Therapeutic Potential

Until the mechanism laying underneath the favorable T2 inflammation-like immune response
in PC cancer remains a mystery, there is room for exploring potential uses of this phenomenon. The
results of PDAC treatment are poor. The 5-year survival rate is only 5%. This is due to the high
aggressiveness of the cancer and its diagnosis at an advanced stage [55]. Neoadjuvant chemotherapy
theoretically ensures tumor shrinkage, making it resectable, especially in initially borderline tumors,
and affects micrometastases, sterilizing the area of surgery and improving surgical results [56].
However, the role of neoadjuvant chemotherapy in daily clinical practice remains undefined. A meta-
analysis of articles covering a large group of patients revealed that neoadjuvant chemotherapy of
resectable and borderline resectable PDAC prolongs OS (18 vs. 14,8 months), even though it reduces
the percentage of resec-table tumors (66% vs. 81.3%). The study of Ghebeh et al. on triple-negative
breast cancer revealed that high pretreatment eosinophilia and increase in peripheral blood
eosinophil count >0,3 G/l during chemoimmunotheraphy was associated with better OS [17]. This
phenomenon is worth exploring in the case of PC, as it has a potential to be a useful stratifier of the
risk of neoadjuvant chemotherapy. Complete surgical treatment of PC is the most successful method
of treatment. However, it is only possible in patients with the early stage of advancement [57]. In the
light of our results, it seems that even after resection, determining the status of preoperative
eosinophilia may be potentially useful in planning further chemotherapy, at least — also - to stratify
the risk of short survival. Attempts to use immunotherapy in patients with PDAC have been
unsuccessful. Studies of monoclonal antibodies used to treat other malignancies — ipilimumab,
pembrolizumab, durvulumab, tremelimumab - have not given any positive results [58-64]. Probably
in the case of PDAC the success of immunotherapy will lie in taking a different path of influencing
immune reactions.

4.5. Curative versus Palliative Treatment

The extent of the surgical procedure varies between the curative (Stage I-1II) and palliative (Stage
IV) groups, making direct comparisons between them challenging. Indeed, patients undergoing
curative surgery (e.g., pancreaticoduodenectomy or distal pancreatectomy) have fundamentally
different outcomes compared to those receiving palliative procedures aimed at symptom relief or
biopsy.

The aim of the study is not intended to directly compare surgical outcomes, but rather to explore
the prognostic value of peripheral eosinophil counts within each treatment cohort. We acknowledge
that survival differences between these groups are significantly influenced by the nature of the
surgery itself, as well as by disease stage and the patient’s overall health status.

The relatively small number of curative patients (n=72) over the 8-year period reflects the reality
of PDAC, where only a minority of patients present with resectable disease at diagnosis. We
understand that the small sample size limits the statistical power of our analysis, particularly when
stratifying patients into further subgroups (stages I, II, and III). However, this study aims to offer
preliminary insights into the potential role of eosinophils as a prognostic factor in pancreatic cancer,
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with the hope that future studies, potentially involving multicenter collaborations, can validate these
findings with larger cohorts.

4.6. Study Limitations

Main weakness of this study is its retrospective character and following ambiguities which
surely influence the results; nevertheless, its results seem to correspond with available literature data.

Another limitation of our study is the lack of detailed data regarding important prognostic
factors such as adjuvant therapy. Adjuvant chemotherapy is well-established as a critical component
of post-operative management in PDAC, often contributing to improved survival outcomes.
Unfortunately, due to the retrospective nature of the study and the lack of uniform documentation
in patient records, we were unable to include information on adjuvant therapies in our analysis.

As such, we recommend that future studies integrate both surgical and adjuvant therapy data
to provide a more comprehensive analysis of survival outcomes and prognostic factors in PDAC
patients. While retrospective analyses are often used as hypothesis-generating studies, we recognize
that a prospective design would provide more reliable and controlled data. However, given the
aggressive nature of PDAC and the relatively short survival time of many patients, conducting large-
scale, long-term prospective studies remains a significant challenge.

5. Conclusions

Our results suggest that EOS >0,1 G/1 or in other words, lack of eosinopenia in PDAC patients
may be the prognostic factor for longer survival, but only in these individuals who undergo surgical
resection. However, this is definitely the moment to discuss the type of immune response not only in
inflammatory diseases but also in the case of solid cancers. Is type 2 inflammation a kind of double-
edged sword, acting protectively but only until some decisive event occurs? Further studies are
needed to shed light to this hypothesis.
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