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Background

Neutrophil extracellular traps (NETs), three-dimensional structures formed by neutrophil enzymes such as neutrophil elastase (NE) and nuclear components (DNA), have been associated with progression and metastasis in breast cancer (BC). Thus, the aim of this study was to evaluate the association of circulating NETs with clinicopathological characteristics and outcomes in early BC.



Methods

A prospective cohort included women with newly diagnosed early BC. NETs were defined as the presence of NE-DNA complexes in plasma, measured by optical density. Levels of NETs were dichotomized according to the median, as low and high levels of circulating NETs. Fisher’s exact test was used to evaluate associations between NETs and clinicopathological characteristics and outcomes. Survival was assessed using the Kaplan Meier method and log-rank test.



Results

Forty patients were included, 23 (57.5%) patients with low and 17 (42.5%) with high levels of circulating NETs. No associations were found between clinicopathological characteristics and circulating NETs levels. Recurrence (p = 0.99) and site of recurrence (p = 0.99) were not statistically associated with plasma NETs levels. Overall, recurrence-free survival was not statistically different between circulating levels of NETs.



Conclusions

With a short follow-up and low number of events, our results suggest that circulating levels of NETs at diagnosis of early BC are not associated with more aggressive clinicopathological characteristics, recurrence, or site of recurrence.
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Introduction

Globally, breast cancer (BC) is the most frequently diagnosed malignancy and the leading cause of cancer-related death in women (1). Although current treatments have improved survival in patients with early BC, tumor recurrence and metastases are the leading cause of mortality in patients with BC (2). Currently, many prognostic biomarkers for recurrence of BC have been validated, especially for hormone receptor (HR) positive (HR+) BC. Genomic signatures such as the Oncotype Dx recurrence score (RS) (Genomic Health), PAM50-based Prosigna risk of recurrence (ROR) (NanoString), Breast Cancer Index (BCI) (bioTheranostics), EndoPredict (EPclin) (Myriad Genetics), and MammaPrint 70-gene signature (Agendia BV) have been proven helpful in identifying patients with HR+ BC who are at increased risk of recurrence and may benefit from adjuvant chemotherapy (3). Although traditional biomarkers such as tumor size, nodal status, tumor grade, HR expression, and HER2 expression may provide predictive and prognostic information, our ability to predict recurrence in early BC is far from accurate. Thus, identifying biomarkers that could predict outcomes is of critical importance.

A growing number of prognostic and predictive biomarkers are currently being investigated (4). Neutrophil extracellular traps (NETs) are three-dimensional structures formed by decondensed chromatin, histone, deoxyribonucleic acid (DNA), and neutrophil granular proteins such as neutrophil elastase (NE), a serine protease, and myeloperoxidase (MPO). The role of NETs in cancer progression and metastasis is currently being studied in multiple tumor types (5). Prior studies in murine and in-vitro models have demonstrated that NETs are associated with progression of disease in lung, colorectal, and other cancer types (6). In BC, high NETs levels have been associated with disease progression, metastasis, and vascular complications such as venous thromboembolism (7). Furthermore, in a previous study by our group, higher levels of circulating NETs were observed in patients with locally advanced and metastatic disease as compared to women with localized BC (8). Therefore, the main objective of the present report was to evaluate the association of circulating NETs with clinicopathological characteristics and recurrence specifically in patients with early BC.



Methods

A prospective cohort included 45 women with newly diagnosed BC at the Instituto Nacional de Ciencias Medicas y Nutricion Salvador Zubiran (INCMNSZ) from May 5th, 2017, to January 1st, 2019. Patients with relapsed disease, previous treatment, auto-immune disease, thrombotic disease, active infection, and previous history of cancer were excluded. Study procedures were approved by the Institutional Review Board at the INCMNSZ and written consent was obtained from all participants prior to study inclusion. Results regarding patients with early, locally advanced, and metastatic BC from this prospective cohort have been previously reported. (8) For this analysis only patients with early BC (stages I – III) from the previously reported cohort were included (8).

Patients’ records were reviewed to obtain sociodemographic, clinical and pathological characteristics, and survival outcomes including recurrence and death. Detailed procedures regarding the detection and quantification of NETs have been previously described (8). Briefly, peripheral blood was collected at diagnosis prior to any treatment initiation. Using enzyme-linked immunosorbent assay (ELISA), plasma levels of NE-DNA complexes were analyzed using a polyclonal antibody to NE (Cloud-Clone, PAA181Hu01) and a peroxidase labeled anti-DNA monoclonal antibody (component no.2 of the commercial Cell Death Detection ELISA PLUS, Roche). NETs were defined as the presence of NE-DNA complexes in plasma, measured by optical density at 450 mm wavelength.

Levels of NETs were dichotomized according to the median (0.6705) of the entire cohort (8). Consequently, patients were classified as having low (<0.6705) and high levels (>0.6705) of circulating NETs. Descriptive statistics were used to analyze clinicopathological characteristics and outcomes. Fisher’s exact test was used to evaluate associations between circulating levels of NETs and clinicopathological characteristics and outcomes. Recurrence-free survival (RFS) was assessed using the Kaplan Meier method and log-rank test. A value of p <0.05 was considered statistically significant. Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) v25.



Results

Forty patients were diagnosed with early-stage BC and were included in the current analysis. The median age was 56.5 years and most of the patients (52.5%) had stage II disease. The most frequent histology was ductal carcinoma (87.5%). The majority (72.5%) expressed HR, 12.5% expressed HER2, and 17.5% were triple negative. The majority had grade 2/3 (85%) tumors and more than half (55%) had a Ki-67 of less than 30%. Twenty-three (57.5%) patients were classified as having low levels of circulating NETs and 17 (42.5%) as having high levels of circulating NETs. Table 1 lists patients’ characteristics in the overall population.


Table 1 | Patients’ characteristics.



Levels of circulating NETs were not statistically associated with age, stage, HR expression, HER2 expression, molecular subtype, histologic grade, and Ki-67. The associations between clinicopathological characteristics and levels of circulating NETs are summarized in Table 2.


Table 2 | 
  Associations between clinicopathological characteristics and circulating NETs levels*.



With a median follow-up of 43.5 months, only two recurrences were identified in each group according to circulating NETs levels. Recurrence rate (p = 0.99) and site of recurrence (p = 0.99) were not statistically associated with circulating NETs levels (Table 3). Median RFS was not reached in either group. Overall, RFS was not statistically different between patients with high and low levels of circulating NETs. (Figure 1) RFS at 36 months was 90.9% for patients with low levels of NETs as compared to 85.7% in patients with high levels of NETs (p = 0.76). To date, no deaths have occurred in our cohort.


Table 3 | 
  Recurrence and circulating NETs levels*.






Figure 1 | Recurrence-free survival according to levels of NETs.





Discussion

In 2004, Brinkmann et al. first described NETs and their role in capturing and killing bacteria (9). The formation of NETs leads to a unique form of cell death characterized by the release of decondensed chromatin and granular contents to the extracellular space (10). Since the initial discovery of NETs, numerous reports have been published on the characteristics of NETs as well as on their protective role against pathogens and their pro-tumorigenic and/or anti-tumorigenic effects on cancer (5). Furthermore, patients with lung, pancreatic, and bladder cancer have been demonstrated to have higher levels of circulating NETs than healthy controls (11). Hence, the potential role of NETs as a diagnostic and/or prognostic biomarker is increasingly being studied in breast and other tumor types. In BC, inflammation-induced activation of neutrophils has been shown to awaken dormant BC cells by producing NETs, leading to lung metastases in mice models (12). Furthermore, in vitro studies using BC cell lines have shown that NETs upregulate the expression of pro-inflammatory factors associated with the epithelial-mesenchymal transition, an important mechanism promoting tumor cells’ metastatic potential leading to increased migratory and invasive abilities (13).

To the authors’ knowledge, this is the first prospective cohort to evaluate the association of circulating NETs at time of diagnosis with recurrence in patients with early BC. Our results suggest that circulating levels of NETs at time of diagnosis are not associated with recurrence or site of recurrence in women with early-stage BC. However, previous studies have demonstrated an association between high levels of NETs, recurrence, and site of metastatic lesions. Cai et al. showed that NETs content in breast tumor tissues was higher compared to the adjacent normal breast tissues. Furthermore, they reported higher recurrence rates in patients with higher NETs expression within the primary BC tumor, with a recurrence rate of 41.2% in the group with high NETs expression as compared to only 3.6% in the group with low NETs expression (14). Another prior study demonstrated that although NETs were scarce within primary BC tumors, they were avidly detected in several metastatic lesions, including those in the liver, lungs, bones, and brain. Interestingly, the concentration of NETs was higher in liver metastases than in other metastatic sites. Moreover, serum levels of NETs were significantly higher in patients with liver metastases as compared with those without metastases or those with metastases in other organs (15).

Contrary to prior reports in which more aggressive BC tumor subtypes were associated with higher levels of NETs, in our study, these characteristics were not associated with high levels of circulating NETs. In a previous study including 45 patients with BC who were followed up for five years, NETs in tumor tissue sections were significantly higher in younger patients and in those with triple-negative BC (14). Similarly, Park et al. found that number of NETs varied between tumors, with the highest numbers in triple-negative tumors (in primary BC tumors and lung BC metastases) and very low in luminal BC (16). A possible explanation for our contrasting results may be that primary BC tumors with aggressive clinicopathological characteristics may induce local NETs formation and consumption as an anti-tumorigenic mechanism to reduce tumor growth and dissemination, thus intratumoral NETs levels may be higher in more aggressive tumor types and lower in peripheral blood.

Prior studies have also demonstrated the controversial anti-tumorigenic role of NETs in melanoma, bladder, and head and neck cancer (17–19). Schedel and colleagues showed that the quantity of intratumoral NETs did not correlate with tumor progression of melanoma. Furthermore, in vitro data revealed that NETs attached to melanoma cells via integrin‐mediated adhesion leading to reduced melanoma cell migration and viability (17). Similarly, Li et al. demonstrated the cytotoxic role of NETs in the early stages of bladder cancer. In this study, NETs induced by Bacillus Calmette-Guerin stimulation exerted cytotoxic activity through enhanced apoptosis and cell-cycle arrest, and inhibited migration of bladder tumor cells in vitro. Additionally, in vivo NETs contributed to an increased immune response and direct tissue damage, thus preventing tumor growth (18). Finally, in the study by Millrud and colleagues, NETs were found to be produced intratumorally by activated neutrophils in head and neck squamous cell carcinoma (HNSCC). Activated neutrophils inhibited tumor cell migration, proliferation, and growth in HNSCC, suggesting a direct anti-tumor function of activated neutrophils mediated by NETs (19). While these findings demonstrate the anti-tumorigenic effects of NETs, the vast majority of evidence supports the pro-tumorigenic role of NETs.

Furthermore, the absence of prognostic association between circulating levels of NETs and recurrence in localized BC in our study may be partially due to the lack of a standardized definition of “high” levels of NETs, differences in detected components of NETs (DNA, NE, MPO, or citrullinated histones), and whether NETs should be measured intratumorally (primary tumor or metastatic lesions) or in plasma samples (7). Further research may help elucidate the best cut-off value for “high” NETs levels, if NETs should be measured intratumorally or in plasma, as well as defining the prognostic and/or predictive value of this biomarker. Moreover, the prospective validation and standardization of the assays quantifying NETs levels in human patients with BC will allow for the potential clinical implementation of this tool.

Other biomarkers are currently being investigated as potential surrogates of NETosis. It has been described that calprotectin (CP) and human neutrophil elastase (HNE) are secreted by the neutrophils during NETs formation resulting in HNE-derived CP neo-epitope protein fragments [CPa9-HNE] (20). The ex vivo findings of a study evaluating serum level of CPa9-HNE in patients with inflammatory bowel disease suggested that CPa9-HNE may be used as an adequate surrogate biomarker of NETosis (20). Furthermore, the biomarker potential of serum CPa9-HNE levels at baseline has also been evaluated in patients with metastatic melanoma treated with pembrolizumab. In this study, high pretreatment levels of CPa9-HNE were associated with worse progression-free and overall survival as compared to low levels of plasma CPa9-HNE (21). Therefore, diverse forms of detecting and quantifying NETs are currently being investigated, adding to the complexity of understanding and utilizing this potential biomarker in clinical practice. Furthermore, the prognostic value of other immune biomarkers such as the neutrophil-to-lymphocyte ratio (22, 23) and tumor-associated neutrophils (24, 25) are also currently being evaluated in BC.

Some limitations should be taken into account when interpreting these results: first, the small sample of patients included in this study with only four recurrences might limit the statistical power of our findings. Nonetheless, the recurrence rate in our small, mainly luminal cohort, resembles that of a larger retrospective study including 2,685 with a 10% recurrence rate and a higher incidence of recurrence among HER2+ and triple negative subgroup (26). Second, a median follow-up of 43.5 months may represent a short follow-up for BC patients who have a persisting and increasing risk of recurrence and death a long time after initial diagnosis, especially in the luminal subgroup of patients where recurrence continues to occur constantly from 5 to 20 years, even after 5 years of adjuvant endocrine therapy (27). Third, due to a small sample size, NETs levels were dichotomized, therefore, analyzing linear correlations of NETs, as a continuous variable, with clinicopathological characteristics and recurrence was not possible. However, the biggest strength of this study is its prospective nature. Furthermore, this is the first study reporting the lack of a statistically significant association between circulating levels of NETs and recurrence in patients with early BC, although it is important to highlight that only a limited number of recurrences have occurred within a short follow-up. Nonetheless, a longer follow-up may allow to detect differences in outcomes according to circulating levels of NETs. We consider important to report our results to encourage further, larger studies with the aim of potentially identifying the predictive and/or prognostic role of circulating NETs in patients with early BC.



Conclusions

With a short follow-up and low number of events, our results suggest that circulating levels of NETs at diagnosis, measured as plasma NE-DNA complexes, are not associated with aggressive clinicopathological characteristics, recurrence, or site of recurrence in early BC. Our findings add to the heterogeneity of results available in the literature regarding the pro- and anti-tumorigenic roles of NETs in BC. Further research may help establish the prognostic and/or predictive value of this biomarker by defining a standardized cut-off value for NETs levels and site of NETs measurement (intratumorally or in plasma). The standardization of NETs levels quantification in human patients with BC will allow for the potential clinical implementation of this tool.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Institutional Review Boards (Ethics and Human Research Committees) at the Instituto Nacional de Ciencias Medicas y Nutricion Salvador Zubiran, Mexico City, Mexico, with the reference number 2114. The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Acknowledgments

We thank Sergio Ponce de Leon, MD, for his contribution on reviewing the statistical analysis of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660. doi: 10.3322/caac.21660

2. Afifi, AM, Saad, AM, Al-Husseini, MJ, Elmehrath, AO, Northfelt, DW, and Sonbol, MB. Causes of death after breast cancer diagnosis: A US population-based analysis. Cancer. (2020) 126(7):1559–67. doi: 10.1002/cncr.32648

3. Sestak, I, Buus, R, Cuzick, J, Dubsky, P, Kronenwett, R, Denkert, C, et al. Comparison of the performance of 6 prognostic signatures for estrogen receptor-positive breast cancer: A secondary analysis of a randomized clinical trial. JAMA Oncol (2018) 4(4):545–53. doi: 10.1001/jamaoncol.2017.5524

4. Allison, KH. Prognostic and predictive parameters in breast pathology: a pathologist’s primer. Mod Pathol (2021) 34(Suppl 1):94–106. doi: 10.1038/s41379-020-00704-7

5. De Meo, ML, and Spicer, JD. The role of neutrophil extracellular traps in cancer progression and metastasis. Semin Immunol (2021) 57:101595. doi: 10.1016/j.smim.2022.101595

6. Erpenbeck, L, and Schön, MP. Neutrophil extracellular traps: protagonists of cancer progression? Oncogene (2017) 36(18):2483–90. doi: 10.1038/onc.2016.406

7. Snoderly, HT, Boone, BA, and Bennewitz, MF. Neutrophil extracellular traps in breast cancer and beyond: current perspectives on NET stimuli, thrombosis and metastasis, and clinical utility for diagnosis and treatment. Breast Cancer Res (2019) 21(1):145. doi: 10.1186/s13058-019-1237-6

8. Rivera-Franco, MM, Leon-Rodriguez, E, Torres-Ruiz, JJ, Gómez-Martín, D, Angles-Cano, E, and de la Luz Sevilla-González, M. Neutrophil extracellular traps associate with clinical stages in breast cancer. Pathol Oncol Res (2020) 26(3):1781–5. doi: 10.1007/s12253-019-00763-5

9. Brinkmann, V, Reichard, U, Goosmann, C, Fauler, B, Uhlemann, Y, Weiss, DS, et al. Neutrophil extracellular traps kill bacteria. Science (2004) 303(5663):1532–5. doi: 10.1126/science.1092385

10. Wu, L, Saxena, S, Awaji, M, and Singh, RK. Tumor-associated neutrophils in cancer: Going pro. Cancers (2019) 11(4):564. doi: 10.3390/cancers11040564

11. Oklu, R, Sheth, RA, Wong, KHK, Jahromi, AH, and Albadawi, H. Neutrophil extracellular traps are increased in cancer patients but does not associate with venous thrombosis. Cardiovasc Diagn Ther (2017) 7(Suppl 3):S140–9. doi: 10.21037/cdt.2017.08.01

12. Albrengues, J, Shields, MA, Ng, D, Park, CG, Ambrico, A, Poindexter, ME, et al. Neutrophil extracellular traps produced during inflammation awaken dormant cancer cells in mice. Science (2018) 361(6409):eaao4227. doi: 10.1126/science.aao4227

13. Martins-Cardoso, K, Almeida, VH, Bagri, KM, Rossi, MID, Mermelstein, CS, König, S, et al. Neutrophil extracellular traps (NETs) promote pro-metastatic phenotype in human breast cancer cells through epithelial-mesenchymal transition. Cancers (2020) 12(6):1542. doi: 10.3390/cancers12061542

14. Cai, Z, Zhang, M, Boafo Kwantwi, L, Bi, X, Zhang, C, Cheng, Z, et al. Breast cancer cells promote self-migration by secreting interleukin 8 to induce NET formation. Gene. (2020) 754:144902. doi: 10.1016/j.gene.2020.144902

15. Yang, L, Liu, Q, Zhang, X, Liu, X, Zhou, B, Chen, J, et al. DNA Of neutrophil extracellular traps promotes cancer metastasis via CCDC25. Nature (2020) 583(7814):133–8. doi: 10.1038/s41586-020-2394-6

16. Park, J, Wysocki, RW, Amoozgar, Z, Maiorino, L, Fein, MR, Jorns, J, et al. Cancer cells induce metastasis-supporting neutrophil extracellular DNA traps. Sci Transl Med (2016) 8(361):361ra138. doi: 10.1126/scitranslmed.aag1711

17. Schedel, F, Mayer-Hain, S, Pappelbaum, KI, Metze, D, Stock, M, Goerge, T, et al. Evidence and impact of neutrophil extracellular traps in malignant melanoma. Pigment Cell Melanoma Res (2020) 33(1):63–73. doi: 10.1111/pcmr.12818

18. Liu, K, Sun, E, Lei, M, Li, L, Gao, J, Nian, X, et al. BCG-Induced formation of neutrophil extracellular traps play an important role in bladder cancer treatment. Clin Immunol (2019) 201:4–14. doi: 10.1016/j.clim.2019.02.005

19. Millrud, CR, Kågedal, Å, Kumlien Georén, S, Winqvist, O, Uddman, R, Razavi, R, et al. NET-producing CD16(high) CD62L(dim) neutrophils migrate to tumor sites and predict improved survival in patients with HNSCC. Int J Cancer. (2017) 140(11):2557–67. doi: 10.1002/ijc.30671

20. Mortensen, JH, Sinkeviciute, D, Manon-Jensen, T, Domislović, V, McCall, K, Thudium, CS, et al. A specific calprotectin neo-epitope [CPa9-HNE] in serum from inflammatory bowel disease patients is associated with neutrophil activity and endoscopic severity. J Crohn’s Colitis (2022) 16(9):1447–60. doi: 10.1093/ecco-jcc/jjac047

21. Jensen, C, Kverneland, A, Donia, M, Mortensen, JH, Karsdal, MA, Svane, IM, et al. Abstract 386: Evaluation of CPa9-HNE - a peripheral biomarker based on neutrophil extracellular traps (NETs) - for predicting outcome in patients with metastatic melanoma treated with anti-PD-1 therapy. Cancer Res (2021) 81(13_Supplement):386. doi: 10.1158/1538-7445.AM2021-386

22. Gago-Dominguez, M, Matabuena, M, Redondo, CM, Patel, SP, Carracedo, A, Ponte, SM, et al. Neutrophil to lymphocyte ratio and breast cancer risk: analysis by subtype and potential interactions. Sci Rep (2020) 10(1):13203. doi: 10.1038/s41598-020-70077-z

23. Suppan, C, Bjelic-Radisic, V, La Garde, M, Groselj-Strele, A, Eberhard, K, Samonigg, H, et al. Neutrophil/Lymphocyte ratio has no predictive or prognostic value in breast cancer patients undergoing preoperative systemic therapy. BMC Cancer. (2015) 15:1027. doi: 10.1186/s12885-015-2005-3

24. Hajizadeh, F, Aghebati Maleki, L, Alexander, M, Mikhailova, MV, Masjedi, A, Ahmadpour, M, et al. Tumor-associated neutrophils as new players in immunosuppressive process of the tumor microenvironment in breast cancer. Life Sci (2021) 264:118699. doi: 10.1016/j.lfs.2020.118699

25. Soto-Perez-de-Celis, E, Chavarri-Guerra, Y, Leon-Rodriguez, E, and Gamboa-Dominguez, A. Tumor-associated neutrophils in breast cancer subtypes. Asian Pac J Cancer Prev (2017) 18(10):2689–93. doi: 10.22034/APJCP.2017.18.10.2689

26. Stuart-Harris, R, Dahlstrom, JE, Gupta, R, Zhang, Y, Craft, P, and Shadbolt, B. Recurrence in early breast cancer: Analysis of data from 3,765 Australian women treated between 1997 and 2015. Breast. (2019) 44:153–9. doi: 10.1016/j.breast.2019.02.004

27. Pan, H, Gray, R, Braybrooke, J, Davies, C, Taylor, C, McGale, P, et al. 20-year risks of breast-cancer recurrence after stopping endocrine therapy at 5 years. N Engl J Med (2017) 377(19):1836–46. doi: 10.1056/NEJMoa1701830


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Martinez-Cannon, Garcia-Ronquillo, Rivera-Franco and Leon-Rodriguez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Do circulating neutrophil extracellular traps predict recurrence in early breast cancer?

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2022.1044611_cover.jpg
& frontiers | Frontiers in Oncology

Do circulating neutrophil
extracellular traps predict
recurrence in early
breast cancer?





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Low NETs High NETs

Total number of patients

%
Age
<65 years 31 19 613 12 387
0.456
265 years 9 4 444 5 55.6
Stage
Early (stages I - 1IA) 27 18 66.7 9 333
0.17
Locally advanced (IIB - I1IC) 13 5 385 8 61.5
HR expression
HR+ 29 14 483 15 517
0.079
HR- 11 9 81.8 2 182
HER2 expression
HER2+ 5 3 60 2 40
0.999
HER2- 35 20 57.1 15 429
Molecular subtypes
T
HR+/HER2- 28 14 50 14 50
HR+/HER2+ 1 0 0 1 100
0.191
HR-/HER2+ 4 3 75 1 25
HR-/HER2- 7 6 857 1 143
Histologic grade
Grade 1 6 1 16.7 5 833
0.100
Grade 2 22 15 682 7 318
Grade 3 12 7 583 5 417
Ki67
Ki-67 <30% 22 12 545 10 455
i 0.755
Ki-67 230% 18 11 611 7 389

*Fisher’s exact test was used to evaluate associations between circulating levels of NETs and clinicopathological characteristics.





OEBPS/Images/table3.jpg
Low NETs High NETs
Total number of patients
% %
Recurrence
Yes 4 2 50 2 50
0.999
No 36 21 583 15 417
Site of recurrence
Locoregional 1 1 100 0 0
0.999
Distant 3 1 333 2 66.7

*Fisher’s exact test was used to evaluate associations between circulating levels of NETs and recurrence outcomes.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1044611-g001.jpg
Survival probability

1.0

0.8

0.6

0.4

0.2

Recurrence-free survival

Months

-1 1Low circulating NETs
-4 THigh circulating NETs
p=0.76






OEBPS/Images/table1.jpg
Overall population (n

Age in years (median) 56.5
Stage
Early (I - IIA) V 27 (67.5%)
Locally advanced (IIB - IIIC) 13 (32.5%)

‘ Histologic subtype
Ductal 35 (87.5%)
Lobular 5(12.5%)
Hormone receptor (HR) expression
HR positive (HR+) 29 (72.5%)
HR negative (HR-) 11 (27.5%)
HER2 expression
HER? positive (HER2+) 5 (12.5%)
HER?2 negative (HER2-) 35 (87.5%)

Molecular subtype

HR+/HER2- 28 (70%)
HR+/HER2+ 1(2.5)

HR-/HER2+ 4 (10%)
HR-/HER2- 7 (17.5%)

Histologic grade

Grade 1 6 (15%)

Grade 2 22 (55%)

Grade 3 12 (30%)
Ki-67

Ki-67 <30 22 (55%)

Ki-67 230 18 (45%)

Circulating NETSs levels

Low 23 (57.5%)

High 17 (42.5%)





