www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Neutrophil infiltration in peritoneal
metastasis affects prognosis in
patients with ovarian cancer
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The impact on prognosis of neutrophil infiltration in the microenvironment of ovarian cancer remains
to be elucidated. In this study, we analyzed the association between neutrophil infiltration in
peritoneal metastasis and prognosis. Furthermore, we analyzed the correlation between neutrophil
infiltration in peritoneal metastasis and the number of peripheral blood neutrophils, the degree of
neutropenia, vascular endothelial area, and the number of stromal cells. Thirty-four specimens each
of primary and metastatic advanced ovarian cancer with high-grade serous carcinoma histology were
taken. Staining for MPO, CD31, and aSMA was performed on all specimens. We investigated the
correlation among tissue neutrophil infiltration, prognosis, and neutrophil indicators from blood tests.
Survival analysis showed that neutrophil infiltration in the primary tumor had no impact on prognosis,
whereas high neutrophil infiltration in the disseminated tumor significantly shortened progression-
free survival and overall survival. No correlation was found between neutrophil infiltration and the
number of peripheral blood neutrophils, the degree of neutropenia, area of vascular endothelial cells,
and number of stromal cells. Neutrophil infiltration into disseminated lesions of the omentum has

a significant impact on prognosis. The results of the present study may provide insights for refining
clinical approaches.
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Ovarian cancer has the poorest prognosis of all gynecological malignancies, causing peritoneal dissemination
from an early stage!. Despite good initial response to treatment, advanced cancers have a high rate of recurrence
and a very low survival rate after recurrence®*. Peritoneal dissemination recurrence occurs in most cases and an
effective treatment remains to be elucidated. As the tumor burden of peritoneal dissemination is extremely high
and eradication at the cellular level is not possible, targeted therapy aimed at disease control rather than radical
cure is desirable*. Unlike primary tumors, peritoneally disseminated tumors are accompanied by an increase
in tumor stroma, and it has been suggested that this characteristic tumor microenvironment may be the cause
of resistance to treatment®~’. Thus, elucidating the microenvironment of peritoneally disseminated tumors has
important implications for improving therapeutic targeting.

Neutrophils are the most abundant cells in the human leukemic fraction, accounting for around 60-70%3.
They differentiate in the bone marrow into mature neutrophils via hematopoietic stem cells, progenitor cells, and
myeloblasts’. They are induced by infection and play a crucial role in the initial phases of the immune response'°.
Neutrophils have several functions in the cancer microenvironment, including cancer-suppressive functions,
such as direct cytotoxicity!!'"13and cancer-promoting functions such as immune escape!*!® and contributing to
angiogenesis!®-18,
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In ovarian cancer, there are many reports of the prognostic relevance of neutrophils. Previous studies have
reported that a high neutrophil-lymphocyte ratio (NLR) in ovarian cancer is associated with poor prognosis'®-2!.
Neutrophil extracellular traps (NETs) released by neutrophils promote hematogenous metastasis of ovarian
cancer?’and elevated NETosis markers in peripheral blood are linked to poor prognosis*>. On the other hand,
greater neutropenia during chemotherapy is associated with an improved prognosis*!. The relationship between
neutrophils in the peritoneally disseminated cancer microenvironment of ovarian cancer and life expectancy
and neutrophils in the peripheral blood remains to be elucidated.

In this study, we analyzed the association between neutrophil infiltration in peritoneal metastasis and
prognosis. Furthermore, the correlation between neutrophil infiltration in peritoneal metastasis and the number
of peripheral blood neutrophils, the degree of neutropenia, vascular endothelial area, and the number of stromal
cells was also analyzed.

Patients and methods

Study participants

We registered patients with malignant ovarian tumors treated at Nagoya University Hospital between September
2004 and November 2018. The present study was approved by the Nagoya University Hospital ethics committee
and was conducted in accordance with the principles of the Declaration of Helsinki. The ethical approval
number is 2020 — 0570. Data were collected from medical records and clinical follow-up visits; therefore, written
informed consent was waived for some participants. Since this study did not involve any interventions, an opt-
out procedure was implemented as a substitute for informed consent.

Inclusion criteria consisted of patients with advanced ovarian cancer of the high-grade serous carcinoma
histological type, who underwent initial surgery, had available histopathological specimens of both primary
and disseminated tumors, and had sufficient blood test and chemotherapy data. We included 34 patients and
68 histopathological specimens of primary and disseminated lesions taken from each patient. All patients
background is shown in Table 1. Included patients ranged from 38 to 74 years of age, with a median age of
55 years. All patients had received 4-10 courses of standard platinum-based chemotherapy, with 2 patients
receiving Bevacizumab. Neoadjuvant chemotherapy (NAC) was performed in 8 patients.

Preoperative blood test data was measured within a month before surgery. The degree of neutropenia was
defined using the values after initial chemotherapy and at the lowest point during chemotherapy. Three indices
were evaluated: neutrophil count, the amount of neutrophil decline compared with the pre-chemotherapy value,
and the rate of decline.

Histopathological slides were reviewed by an expert pathologist according to the criteria of the World Health
Organization classification®® who had no knowledge of the clinical data of the patients. Sufficient data were
available on survival outcomes. Clinical staging was performed by the system established by the International
Federation of Gynecology and Obstetrics®®.

Surgery, chemotherapy, and follow-up

Patients underwent primary surgery that primarily consisted of hysterectomy and bilateral salpingo-
oophorectomy, as well as a comprehensive peritoneal evaluation, including aspiration or wash cytology, biopsy
and/or omentectomy, staging lymphadenectomy, and peritoneal exploration. In some patients, incomplete
surgery, including uterine-preserved surgery and the omission of staging lymphadenectomy, was performed
for clinical reasons such as advanced disease. Details on adjuvant chemotherapy in each period were described
in our previous study?’. Patients were followed up every 1-3 months in the first and second years, every 3-6
months in the third to fifth years, and annually until ten years using a gynecological examination with a CA125

Neutrophil
All Neutrophil infiltration low | infiltration high P-value
Age 38-74 (55) 43-71 (56.67) 38-74 (53.75) 0.892
IIIA 0 0 0 0.222
1I1IB 4 1 3
Stage II1C 24 13 11
IVA 3 3 0
IVB 3 1 2
3a 1 0 1 0.252
pT 3b 4 1 3
3c 29 17 12
CA125 59.3-33193 (3446.7) | 59-33,193 (4239.711) 136-10,959 (2554.525) | 0.187
complete 6 3 3 0.984
Residual tumor | optimal 11 6 5
suboptimal 17 9 8
NAC Not performed | 26 12 14 0.153
Performed 8 6 2

Table 1. Baseline data on the 34 patients including high and low neutrophil infiltration groups.
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evaluation and ultrasonography as well as periodic radiologic imaging with computed tomography, magnetic
resonance imaging, and/or positron emission tomography. Recurrence was diagnosed based on radiological
and/or clinical findings. Progression-free survival (PFS) was defined as the time interval between the date of
treatment started to that of recurrence or the last follow-up visit. Overall survival (OS) was defined as the time
interval between the date of the initial surgery to that of death or the last follow-up visit.

Human tissues

All studies using human tissues were reviewed by the Ethics Committee of Nagoya University and were conducted
in accordance with the principles of the Declaration of Helsinki. This study only used residual tissues that were
delinked from identifiers. Formalin-fixed paraffin-embedded (FFPE) sections of primary tumor and omental
tissues of women with a confirmed diagnosis of FIGO stage III or IV HGSC were selected.

Immunohistochemical analysis

FFPE ovarian cancer tissues were cut into 4 um thick sections. Utilizing rabbit polyclonal anti-MPO antibody,
we aimed to identify and quantify the expression of MPO molecules within the tissues. We also used mouse
monoclonal anti-CD31 and anti-aSMA antibody. Sources of antibody for the indicated applications for
immunohistochemistry were MPO (Dako, A0398, 1:200), CD31 (Novus, NBP2-44339, 1A10, 1:200), and aSMA
(abcam, ab7817, 1A4, 1:200). Slides for analysis were prepared with the Olympus Corporation VS120 slide
scanner. We evaluated the number or the rate of MPO-positive cell per unit field of view with HALO (Indica
Labs) with the Multiplex THC Module. Similarly, we evaluated CD31-positive area and the rate of aSMA-positive
cell per unit field of view. All analysis was calculated in three randomly selected fields in each sample. Negative
controls were run on all sections in blocking buffer generated against unrelated antigens.

Statistical analysis

Kaplan-Meier curves were generated to compare PFS and OS rates among the following groups: high vs. low
MPO-positive cells, high vs. low neutrophil counts in peripheral blood tests, more vs. less neutropenia, more vs.
fewer vascular endothelial cells, and more vs. fewer stromal cells. Log-rank test was used to identify differences
in survival between the groups being compared. Shapiro-Wilk test was performed to confirm the distribution
of normality. Comparisons between groups were performed using Student’s ¢-test for continuous variables and
chi-square or Fisher’s exact test for categorical variables. Cox regression analysis was also performed to evaluate
each predictor of PFS and OS. Pearson correlation coefficient was calculated to examine the correlation between
neutrophil infiltration in disseminated lesions and neutrophils in peripheral blood testing, neutropenia, area of
vascular endothelium, and number of stromal cells. Significance was set as two-sided with a P value <0.05. All
statistical analyses were conducted using IBM SPSS Statistics, Version 28.0 (IBM Corp., Armonk, NY, USA).

Results
1. Neutrophil infiltration in primary tumor and peritoneal metastasis.

After MPO staining was performed in the 68 specimens, we found that the number of MPO-positive cells
varied in both the primary and disseminated tumors (Fig. 1A and Supplementary Fig. 1A). Image analysis was
performed using HALO to determine the number of MPO-positive cells per unit area and the MPO-positive
cell rate. The median number of MPO-positive cells per unit area was calculated and divided into two groups:
high and low neutrophil infiltration in the primary tumor, and high and low neutrophil infiltration in the
disseminated tumor. Survival analysis showed that neutrophil infiltration in the primary tumor had no impact
on prognosis, whereas high neutrophil infiltration in the disseminated tumor significantly shortened PFS and
OS (Fig. 1B and Supplementary Fig. 1A). A similar analysis using the rate of MPO-positive cells per unit area
yielded similar results (Fig. 1B and Supplementary Fig. 1A). We compared background factors in the groups
with high and low neutrophil infiltration in disseminated lesions to check for confounding factors. We found
no significant differences in patient background (Table 1). Furthermore, multivariate analysis revealed that, in
addition to NAC, high neutrophil infiltration in disseminated lesions was a significant prognostic factor (Fig. 1C
and Supplementary Fig. 1B). There was no correlation between the number or the rate of MPO-positive cells in
the primary and disseminated tumors (Fig. 1D and E).

2. Neutrophil indicators in peripheral blood.

As it has been reported that neutropenia during chemotherapy and NLR are associated with prognosis, we
examined whether they are associated with neutrophil infiltration of the disseminated tumor. The degree of
neutropenia was determined after initial chemotherapy and at the lowest point during chemotherapy, with
three indices for each time point: neutrophil count, the amount of neutrophil decline compared with the pre-
chemotherapy value, and the rate of decline (Fig. 2A). There was no correlation between disseminated lesion
neutrophil infiltration and either the numbers of neutrophils in the peripheral blood or the degree of neutropenia
(Fig. 2B and Supplementary Fig. 2A). In addition, the neutrophil index in the peripheral blood and the degree of
neutropenia did not have a significant impact on prognosis (Fig. 2C and Supplementary Fig. 2B).

3. Associations of neutrophils and other factors in tumor microenvironment.

Finally, we investigated the relationship between neutrophil infiltration, blood vessels, and stroma in disseminated
lesions since they are reported to affect neutrophil infiltration. We performed immunohistochemistry of CD31,
a marker of vascular endothelial cells, and aSMA, a marker of stromal cells (Fig. 3A). We found no significant
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Fig. 1. (A) HE staining and MPO staining images. High and low neutrophil infiltration in primary tumor
or peritoneal metastasis are shown. (B) Kaplan-Meier curves are shown for overall survival in high and low
neutrophil infiltration groups. (C) Forest plot of multivariate analysis for overall survival. (D) Before-after
graph of the number of MPO-positive cells and rate of MPO-positive cells. Lines connect the value in the
primary tumor with that in peritoneal metastasis. (E) Correlation between number or rate of MPO-positive
cells in primary tumor and that in peritoneal metastasis.
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Fig. 2. (A) The number of neutrophil transitions in a case during chemotherapy and the definitions of
evaluation items for neutropenia. (B) Correlation between the number of MPO-positive cells and each
neutrophil indicator or evaluation item for neutropenia. r: Pearson’s correlation coefficient. (C) Kaplan-Meier
curves are shown for overall survival in each neutrophil indicator or evaluation item for neutropenia.

correlation between neutrophil infiltration in disseminated lesions and vascular endothelial cell area or the
number of stromal cells (Fig. 3B). Shorter OS was found in the group with a larger number of stromal cells, but
it was not significant. The vascular endothelial area at the disseminated lesion did not affect prognosis (Fig. 3C

and Supplementary Fig. 3).
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Fig. 3. (A) HE staining, MPO staining, CD31 staining, and aSMA staining images in peritoneal metastasis.
(B) Correlation between number of MPO-positive cells and vascular endothelial cell area or number of stromal
cells. r: Pearson’s correlation coefficient. (C) Kaplan-Meier curves are shown for overall survival in vascular
endothelial cell area or the number of stromal cells in peritoneal metastasis.

Discussion

Our findings suggest that the degree of neutrophil infiltration in peritoneal disseminated lesions is a prognostic
factor in advanced ovarian cancer. Although no significant association between peripheral blood neutrophils
and histological findings was evident, a mechanism may exist that promotes the progression of ovarian cancer.
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There are several previous studies that reported that neutrophil infiltration in tissues promotes cancer
progression. Lee et al. reported that NET formation in the omentum promotes metastasis of ovarian cancer?.
Furthermore, in vivo analyses reported that neutrophils were already upregulated in the omentum during tumor
formation in the primary tumor and in early human ovarian cancer specimens without metastatic disease in the
omentum?-3°. Deng et al. reported that neutrophil recruitment to tumor tissue promoted tumor metastasis?.
These studies suggest that neutrophil infiltration of premetastatic niches is involved in seeding formation. The
present results may also be the result of neutrophil infiltration promoting dissemination formation.

There are reports that suppressing neutrophil infiltration suppresses tumor formation; thus, suppressing
neutrophil infiltration may be a therapeutic target. There are several reports demonstrating the diversity of
neutrophils; however, definitions differ between reports, and it is assumed that cancer-associated neutrophils are
not a homogeneous population, but a diverse fraction®'-3*, For example, there are reports that STAT3 activation
alters neutrophil phenotype?® and that neutrophil functions such as NETs?? and ferroptosis®® contribute to
cancer promotion. These studies suggest that suppression of specific phenotypes or functions of neutrophils
may be effective to be applied to ovarian cancer treatment in the future, but further accumulation of knowledge
through basic research is needed. The results of the present study bridge the fields of basic, translational, and
applied research.

There are studies that reported NLR being associated with prognosis in ovarian cancer'®-2!. Some of these
studies included meta-analyses, which had different case numbers compared with the present study. As our
study had fewer case numbers, this may explain why no significant differences were found. With regard to
neutropenia, the number of cases with NAC in this study was small (eight cases); therefore, it was not possible to
make comparisons only among cases with NAC. Further studies with more cases are necessary.

We found no significant association between vascular area and stroma and neutrophil infiltration in the
tissue. Previous studies reported that neutrophils induced angiogenesis, that more immune cells were observed
in tissues with loose fibronectin and collagen, and that immune cell abundance was correlated with vessel
density in solid tumors!®~835-37; however, no significant correlation was found in the present study. On the
other hand, some studies reported that angiogenesis into metastatic sites is a necessary pathway for neutrophils
to infiltrate®*- %, The lack of an association between blood vessels and stroma and neutrophil infiltration in the
present study suggests that a new pathway of neutrophil infiltration exists in ovarian cancer, possibly via ascites.
Further research is needed.

The strengths of the study include the use of ovarian cancer patient specimens and the analysis of the
association between tissue and blood findings. Limitations include the small number of patients with NAC and
that the chemotherapy regime varied depending on age.

In conclusion, neutrophil infiltration into disseminated lesions of the omentum has a significant impact
on prognosis. The results of the present study may provide insights to generate hypotheses for refining clinical
approaches.

Data availability
The data that support the findings of this study are available on request from the corresponding author. The data
are not publicly available due to privacy or ethical restrictions.

Received: 18 February 2025; Accepted: 30 May 2025
Published online: 02 July 2025

References
1. Thibalt, B. Ovarian cancer microenvironment: implications for cancer dissemination and chemoresistance acquisition. Cancer
Metastasis Rev. 33 (1), 17-39 (2014).
2. TJ & Perren A phase 3 trial of bevacizumab in ovarian cancer. N Engl. J. Med. 365 (26), 2484-2496 (2011).
3. Katsumata, N. Dose-dense Paclitaxel once a week in combination with carboplatin every 3 weeks for advanced ovarian cancer: a
phase 3, open-label, randomised controlled trial. Lancet 374 (9698), 1331-1338 (2009).
4. Coelho, R. Regulation of invasion and peritoneal dissemination of ovarian cancer by mesothelin manipulation. Oncogenesis 9 (6),
61 (2020).
5. Castells, M. Implication of tumor microenvironment in chemoresistance: tumor-associated stromal cells protect tumor cells from
cell death. Int. J. Mol. Sci. 13 (8), 9545-9571 (2012).
6. Hanahan, D. et al. Hallmarks of cancer: the next generation. Cell. 144 (5), 646-74 (2011).
7. Hanahan, D. et al. Accessories to the crime: functions of cells recruited to the tumor microenvironment. Cancer Cell. 20 (21(3)),
309-322 (2012).
8. Russo, M. Targeting the tumor microenvironment: A close up of tumor-Associated macrophages and neutrophils. Front. Oncol. 12,
871513 (2022).
9. Rosales, C. et. Al. A cell with many roles in inflammation or several cell types?? Front. Physiol. 9, 113 (2018).
10. Summers, C. et. Al. Neutrophil kinetics in health and disease. Trends Immunol. 31, 318-324 (2010).
11. Finisguerra, V. MET is required for the recruitment of Anti-Tumoural neutrophils. Nature 522, 349-353 (2015).
12. Breitbach, C. J. Targeting tumor vasculature with an oncolytic virus. Mol. Ther. 19, 886-894 (2011).
13. Millrud, C. R. et. Al. NET- producing CD16high CD62Ldim neutrophils migrate to tumor sites and predict improved survival in
patients with HNSCC. Int. J. Cancer. 140, 2557-2567 (2017).
14. Niu, X. et al. Serum amyloid A 1 induces suppressive neutrophils through the Toll-like receptor 2-Mediated signaling pathway to
promote progression of breast Cancer. Cancer Sci. 113, 1140 (2022). (2022).
15. Mishalian, I. Neutrophils recruit regulatory T-Cells into tumors via secretion of CCL17-a new mechanism of impaired antitumor
immunity. Int. J. Cancer. 135, 1178-1186 (2014).
16. Jablonska, J. Neutrophils responsive to endogenous IFN-{ regulate tumor angiogenesis and growth in a mouse tumor model. J.
Clin. Investig. 120, 1151-1164 (2010).
17. Galdiero, M. R. Potential involvement of neutrophils in human thyroid Cancer. PLoS ONE. 13, 0199740 (2018).
18. Itatani, Y. et al. Suppressing Neutrophil- dependent angiogenesis abrogates resistance to Anti-VEGF antibody in a genetic model
of colorectal Cancer. Proc. Natl. Acad. Sci. USA. 117, 21598-21608 (2020).

Scientific Reports |

(2025) 15:23196 | https://doi.org/10.1038/541598-025-05010-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

19. Shaul, M. E. Tumour-associated neutrophils in patients with cancer. Nat. Rev. Clin. Oncol. 16 (10), 601-620 (2019).

20. Dong, J. Correlation between the neutrophil-to-lymphocyte ratio and clinicopathological parameters in epithelial ovarian cancer
patients and its effect on prognosis-a retrospective cohort study. Gland Surg. 11 (8), 1367-1373 (2022).

21. Wang, Y. Preoperative neutrophil-to-lymphocyte ratio predicts response to first-line platinum-based chemotherapy and prognosis
in serous ovarian cancer. Cancer Chemother. Pharmacol. 75 (2), 255-262 (2015).

22. Lee, W. Neutrophils facilitate ovarian cancer premetastatic niche formation in the omentum. J. Exp. Med. 216 (1), 176-194 (2019).

23. Sarai, T. P. Increased levels of NETosis biomarkers in high-grade serous ovarian cancer patients’ biofluids: potential role in disease
diagnosis and management Sarai. Front. Immunol. 3, 14:1111344 (2023).

24. Xu, Y. Chemotherapy-Induced neutropenia as a prognostic factor in patients with advanced epithelial ovarian carcinoma. Cancer
Control. 30, 10732748231183496 (2023).

25. Chen, V. W. et al. Pathology and classification of ovarian tumors. Cancer 97, 2631-2642 (2003).

26. Zeppernick, F & Meinhold-Heerlein, I. The new FIGO staging system for ovarian, fallopian tube, and primary peritoneal cancer.
Arch. Gynecol. Obstet. 290, 839-842 (2014).

27. Suzuki, S. et al. Is there any association between retroperitoneal lymphadenectomy and survival benefit in ovarian clear cell
carcinoma patients? Ann. Oncol. 19, 1284-1287 (2008).

28. Deng, H. A novel selective inhibitor JBI-589 targets PAD4-mediated neutrophil migration to suppress tumor progression. Cancer
Res. 04 (19), 3561-3572 (2022).

29. Tyagi, A. Nicotine promotes breast cancer metastasis by stimulating N2 neutrophils and generating pre-metastatic niche in lung.
Nat. Commun. 12 (1), 1-18 (2021).

30. Kim, R. et. al. Ferroptosis of tumour neutrophils causes immune suppression in cancer. Nature 612: 7939: 338-346

31. Sounbuli, K. et. Al. Diverse neutrophil functions in Cancer and promising neutrophil-Based Cancer therapies. Int. J. Mol. Sci. 23,
15827 (2022).

32. Mishalian, I. The diversity of Circulating neutrophils in cancer. Immunobiology 222 (1), 82-88 (2017).

33. Ng, L. G. et. Al. Heterogeneity of neutrophils. Nat. Rev. Immunol. 19, 255-265 (2019).

34. Veglia, F. Analysis of classical neutrophils and polymorphonuclear myeloid-derived suppressor cells in cancer patients and tumor-
bearing mice. J. Exp. Med. 218, 4: €20201803 (2021).

35. Kenneth, C. Targeting the tumour stroma to improve cancer therapy. Nat. Rev. Clin. Oncol. 15 (6), 366-381 (2018).

36. Salmon, H. Matrix architecture defines the Preferential localization and migration of T cells into the stroma of human lung tumors.
J. Clin. Inv. 122, 899-910 (2012).

37. Martinet, L. Human solid tumors contain high endothelial venules: association with T- and B-lymphocyte infiltration and favorable
prognosis in breast cancer. Cancer Res. 71, 5678-5687 (2011).

38. Fruhman, G. J. Neutrophil mobilization into peritoneal fluid. Blood 16, 1753-1761 (1960).

39. Cohen, C. A. The parity-associated microenvironmental niche in the omental fat band is refractory to ovarian cancer metastasis.
Cancer Prev. Res. (Phila. 6, 1182-1193 (2013).

Author contributions

EM and MY elaborated the study design, analyzed and interpreted the data, performed immunohictochemical
staining and performed the main statistical analysis. SI, KM, KU, HF and KK participated in designing the study
and planned the investigations. KY, ST, AY, NY, KN, HT, KH, SY and AE organized and supervised all of the
statistical analyses and participated in designing the study. HK drafted the study design and supervised all of the
works. All authors have approved the final manuscript.

Funding
This study was supported by JSPS (Japan Society for the Promotion of Science) KAKENHI Grants-in-Aid for
Scientific Research: Grant Numbers 21KK0296, 24K19722, 23K27732, 24K12529.

Declarations

Competing interests
The authors declare no competing interests.

Patient and public involvement statement
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our
research.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-05010-3.

Correspondence and requests for materials should be addressed to M.Y.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports|  (2025) 15:23196 | https://doi.org/10.1038/s41598-025-05010-3 nature portfolio


https://doi.org/10.1038/s41598-025-05010-3
https://doi.org/10.1038/s41598-025-05010-3
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:23196 | https://doi.org/10.1038/s41598-025-05010-3 nature portfolio


http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Neutrophil infiltration in peritoneal metastasis affects prognosis in patients with ovarian cancer
	﻿Patients and methods
	﻿Study participants
	﻿Surgery, chemotherapy, and follow-up
	﻿Human tissues
	﻿Immunohistochemical analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


