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The host’s immune system plays a crucial role in determining the clinical outcome of many cancers, including breast cancer. Peripheral blood neutrophils and lymphocytes counts may be surrogate markers of systemic inflammation and potentially reflect survival outcomes. The aim of the present study is to assess the role of preoperative systemic inflammatory biomarkers to predict local or distant relapse in breast cancer. In particular we investigated ER+ HER2- early breast cancer, considering its challenging risk stratification. A total of 1,763 breast cancer patients treated at tertiary referral Breast Unit were reviewed. Neutrophil-to-lymphocyte (NLR), platelet-to-lymphocyte (PLR) and lymphocyte-to-monocyte (LMR) ratios were assessed from the preoperative blood counts. Multivariate analyses for 5-years locoregional recurrence-free (LRRFS), distant metastases-free (DMFS) and disease-free survivals (DFS) were performed, taking into account both blood inflammatory biomarkers and clinical-pathological variables. Low NLR and high LMR were independent predictors of longer LRRFS, DMFS and DFS, and low PLR was predictive of better LRRFS and DMFS in the study population. In 999 ER+ HER2- early breast cancers, high PLR was predictive of worse LRRFS (HR 0.42, p=0.009), while high LMR was predictive of improved LRRFS (HR 2.20, p=0.02) and DFS (HR 2.10, p=0.01). NLR was not an independent factor of 5-years survival in this patients’ subset. Inflammatory blood biomarkers and current clinical assessment of the disease were not in agreement in terms of estimate of relapse risk (K-Cohen from -0.03 to 0.02). In conclusion, preoperative lymphocyte ratios, in particular PLR and LMR, showed prognostic relevance in ER+ HER2- early breast cancer. Therefore, they may be used in risk stratification and therapy escalation/de-escalation in patients with this type of tumor.




Keywords: systemic inflammatory biomarkers, early breast cancer, predictive factors, lymphocyte ratios, disease recurrence



Introduction

Escalation and de-escalation of treatments is of paramount importance in early breast cancer (1). However, prediction of local or distant failure risk is needed to achieve a personalized medicine. Traditional clinical and pathological features (i.e. nodal status, Ki67%, grading, etc.) are not always able to actually predict disease relapse, especially in ER+ early breast cancer (2, 3). For this reason to predict the risk and address proper treatments can be challenging. Genomic assays such as EndoPredict or OncoType DX are expensive, not widely available and their role in clinical practice is still controversial (4).

In the last decades the relevance of the host’s immune system has been highlighted as crucial in determining clinical outcomes in many cancers, including breast cancer (5, 6). The host immune response has shown a remarkable impact on cancer progression (7). In particular the density and spatial localization of CD8+ infiltrate within central core and invasive margins of tumor (evaluated by the Immunescore) are becoming important prognostic predictors, playing a role in the balance between tumor immune surveillance and escape (8). Tumor-infiltrating lymphocytes (TILs) support antitumor cytotoxic response and are favorable prognostic features along with low densities of immunosuppressive elements like neutrophils and myeloid-derived suppressor cells (9, 10).

Because of their accessibility, peripheral blood neutrophils and lymphocytes counts have gained a broad interest in cancer prognostication as surrogate markers of inflammation and immune response. Easily-gettable and affordable blood-derived inflammatory biomarkers, such as the neutrophil-to-lymphocyte ratio (NLR), have recently demonstrated that the status of immunity often reflects survival outcomes (11). Some evidences suggested the role of these ratios in breast cancer too. In a recent meta-analysis, it was found that NLR has a significant prognostic effect on the overall and disease-free survival rates, suggesting that it could be a promising prognostic marker (12). Platelet-to-lymphocyte ratio (PLR) and lymphocyte-to-monocyte ratio (LMR) are less frequently studied, but they may also be prognostically informative in breast cancer (13–15).

Despite such evidences, results remain discordant, probably due to the study design. Some studies focus on a single molecular subtype or evaluate preoperative blood-derived lymphocyte ratios in presence of specific clinical-pathological characteristics or settings (16). Furthermore, the follow-up period considered in the analyses is often relatively short. This observation is crucial when considering that luminal breast cancers carry a consistent long-term risk of recurrence (17). Finally, in the last years many studies focused on the predictive role of inflammatory biomarkers in breast cancer patients treated by neoadjuvant chemotherapy and generally affected by a specific molecular subtype breast cancer (18, 19). Therefore previous studies investigated small series and highly selected cohorts of patients with breast cancer, while there is a lack of large unselected cohorts of early breast cancer patients.

In the present study we assessed the role of preoperative blood-derived lymphocyte ratios (NLR, PLR, LMR) to predict local or distant relapse in 1,763 breast cancer patients reviewed retrospectively. In particular, the prognostic relevance of lymphocyte ratios was investigated in ER+ HER2- early breast cancers where risk stratification is more challenging.



Materials and Methods


Patient Selection

Patients included in this study were retrospectively collected from the prospective database of the EUSOMA-accredited Breast Unit of Istituti Clinici Scientifici Maugeri (Pavia, Italy). Inclusion criteria were: proven diagnosis of invasive breast cancer; candidate to upfront breast surgery; age >18 years. Patients with benign lesions and patients undergoing a neoadjuvant chemotherapy were excluded from the study. Patients received adjuvant treatments (radiotherapy, chemotherapy, biological therapy, hormonal therapy) according to the standard of care. Data were obtained from a study protocol authorized by the Institutional Review Board (No. 2213/2018).



Data Collection and Follow-Up Data

Anamnestic, tumor and therapy data were collected and updated in the EUSOMA-accredited database, DataBreast. Each patient’s data are updated on a yearly basis until 5 years of follow-up are reached, at least. In order to identify the appropriate disease-free time, every type of relapse was reported with related date and localization.



Evaluation of Inflammatory Biomarkers

For all patients, laboratory data on cell blood count was exported as electronic medical record from the hospital management system (clinical electronic repositories). Only preoperative blood counts, i.e. taken within 90 days before surgery, were considered for the analysis. For each patient, blood count closer to the date of surgery were selected. Of the 1,935 patients who met the inclusion criteria, 1,763 patients (91.0%) with available data for preoperative blood counts were included in the study. Hence, the following parameters were calculated: NLR, PLR and LMR.



Study Design and Outcome Assessment

The primary endpoint of the study was to assess the prognostic role of preoperative NLR, PLR, LMR on 5-years locoregional recurrence-free survival (LRRFS), distant metastases-free survival (DMFS) and disease-free survival (DFS). First, we determined the optimal cutoff points to predict LRRFS, DMFS and DFS through time-dependent Receiver Operating Characteristic (ROC) analysis for NLR, PLR and LMR. Then these ratios were marked as “low” or “high” according to the above-mentioned cutoffs. LRR was defined as the occurrence of ipsilateral breast cancer and/or axillary relapse proven by biopsy. DM was defined as the evidence of distant lesions demonstrated by imaging (computed tomography and positron emission tomography) even if not histologically proven. Univariate and multivariate survival analyses for LRRFS, DMFS and DFS were performed, considering both blood inflammatory biomarkers and clinical-pathological variables.



Statistical Analysis

Variables were reported as means and standard deviations with relative range or as absolute numbers and percentages. Categorical variables were compared using χ2 test, while continuous variables were compared using Student’s t-test or non-parametric Wilcoxon test in case of non-normal distribution of the variable. A Cox proportional hazard regression model was performed in order to identify possible effects of each variable significantly associated with the survival events in a time-dependent setting. Five-years survival probabilities were estimated by the Kaplan-Meier method both globally and in specific subsets. Statistical significance was set at p<0.05 (two tailed). Univariate and multivariate analyses were performed to assess the prognostic role of NLR, PLR, LMR on long-term patient outcome. Age at diagnosis, pathological assessment of the tumor (pT) and the regional lymph nodes (pN), Ki67, biological portrait, grade and histological type of the tumors were selected a priori as relevant clinical variables to be included in the multivariate analysis. A time-dependent ROC analysis was performed in order to identify the optimal cutoff values for each parameter. A Cohen’s kappa (K-Cohen) was assessed for agreement calculation between inflammatory biomarkers-based estimate of the risk for survival events and traditional clinical risk assessment by the modified version of Adjuvant!Online (20). Data analysis was performed using SAS software (v. 9.4, SAS Institute Inc., Cary, USA) and R software (v. 3.5.1, © The R Foundation).




Results


Characteristics of the Study Population

1,763 breast cancer patients were included in the study and 43 patients presented with bilateral lesions, for a total of 1,806 cancer cases examined. Demographics and clinical-pathological features of the cases included in the study are presented in Table 1. The mean age at diagnosis was 62 (± 13) years and 74.6% of the patients were postmenopausal. In 1,345 cases (74.5%) a conservative surgery was performed, while 461 breast lesions (25.5%) were treated by mastectomy. Ductal and lobular tumors represented respectively 78% and 15.4% of the cases. The majority of the cases were pT1 stage (81.3%), node negative (70.4%) tumors. Biomolecular subtype was ER+ HER2- in 80.9% of the cases, ER+ HER2+ in 8.5%, ER- HER2- in 6.5% and ER- HER2+ in 4.1%. Disease recurrence occurred in 91 cases (5.4%) as LRR and in 106 cases (5.9%) as DM. Supplementary Figure 1 shows the Kaplan-Meier curves for 5-years DFS, LRRFS and DMFS of the study population.


Table 1 | Clinical and pathological characteristics of the study population (n=1806 breast lesions).





Survival Outcomes According to NLR, PLR, LMR

For the whole series, median preoperative NLR was 2.28 ± 1.25 (range 0.16-19.00), median PLR was 133.38 ± 51.9 (range 10.75-459.14) and median LMR 3.97 ± 1.52 (range 0.60-31.0). Based on the ROC analyses, the optimal cutoff values of NLR, PLR and LMR were calculated for each survival outcome (see Supplementary Table 1). Patients with a low NLR had a significantly longer 5-years LRRFS and DMFS than those with high NLR (Figures 1A, B). Similarly, the group with low PLR showed increased LRRFS and DMFS when compared to the group with high PLR (Figures 1C, D). Moreover, patients with high LMR displayed LRRFS, DMFS, and DFS longer than those with low LMR (Figure 2). No association between NLR or PLR and DFS was observed.




Figure 1 | Kaplan-Meier curves for LRRFS (A, C) and DMFS (B, D) according to low vs. high NLR (A, B) or PLR (C, D) in the study population (n=1806).






Figure 2 | Kaplan-Meier curves for LRRFS (A), DMFS (B), DFS (C) according to low vs. high LMR in the study population (n=1806).



Multivariate Cox analysis showed that high preoperative NLR was an independent predictor of worse 5-years LRRFS (HR 0.51; p=0.005), DMFS (HR 0.65; p=0.04) and DFS (HR 0.68; p=0.02). In addition high baseline values of PLR had an independent significant impact on 5-years LRRFS (HR 0.56; p=0.01) and DMFS (HR 0.62; p=0.03). High LMR values were independently associated with improved 5-years LRRFS (HR 2.36; p=0.0003), DMFS (HR 2.06; p=0.0009) and DFS (HR 1.92; p=0.0001). Other than the inflammatory blood biomarkers herein described, age at diagnosis, pT and pN status, and tumor biological subtype, especially hormone receptor status, were found main independent risk factors for recurrence. Data obtained from the multivariate analysis are shown in Table 2; results from the univariate analysis are reported as Supplementary Table 2.


Table 2 | Multivariate analysis of inflammatory and clinical characteristics in relation to 5-years LRRFS, DMFS, DFS in the study population (n=1806).





Performance of Survival Prediction by Inflammatory Blood Biomarkers vs. Clinical-Pathological Features

In order to better understand if NLR, PLR, LMR provided different and innovative information than clinical-pathological features, agreement calculation with Cohen’s kappa was assessed between clinical risk assessment and preoperative inflammatory blood biomarkers. The two different approaches were not in agreement for every biomarker (Supplementary Table 3), suggesting that the prognostic value of NLR, PLR and LMR on survival events is not covered by the current clinical assessment of the disease.



The Prognostic Role of NLR, PLR, LMR in ER+ HER2- Early Breast Cancer

From the whole patient dataset, 1,547 early breast lesions were selected and defined as pT1-2 and pN0-1 tumors. Baseline features and cutoff values of NLR, PLR, LMR in this subset were calculated and reported as Supplementary Tables 4, 5. By multivariate analysis we found that preoperative NLR, PLR and LMR were independent prognostic factors for LRRFS in early breast cancer (HR 0.57; p=0.03, HR 0.55; p=0.02, HR 1.86; p=0.02, respectively) (Supplementary Table 6).

We then focused on 999 ER+ HER2- early breast cancers, which were treated by hormonotherapy without chemotherapy. For these patients, timely risk stratification is important in order to escalate or de-escalate appropriate adjuvant therapy. Optimal cutoff values of preoperative NLR, PLR LMR for the prediction of LRRFS, DMFS, DFS in this patient population were re-calculated (Table 3). The multivariate analysis showed that high PLR was significantly predictive of worse 5-years LRRFS (HR 0.42, p=0.009), while high LMR was predictive of improved 5-years LRRFS (HR 2.20, p=0.02) and DFS (HR 2.10, p=0.01), as reported in Table 4. Conversely, NLR was not an independent factor of 5-years survival in this group of patients. Other independent variables for LRRFS were age at diagnosis and Ki67 (only in the evaluation of DFS for LMR).


Table 3 | Optimal cutoff values of preoperative NLR, PLR, LMR for prediction of 5-years LRRFS, DMFS, DFS in ER+ HER2- early breast cancers.




Table 4 | Multivariate analysis of inflammatory and clinical characteristics in relation to 5-years LRRFS, DFS in ER+ HER2- early breast cancers not treated with chemotherapy (n=999).






Discussion

This study shows that systemic lymphocyte ratios, as measured in preoperative blood samples, can be reliable and inexpensive markers of disease recurrence in an unselected cohort of breast cancer patients. In particular, patients with high NLR and PLR had a significantly shorter 5-years LRRFS and DMFS, while the ones with high LMR had longer survival outcomes. As expected, multivariate analysis associated other factors to poor prognosis: age at diagnosis, pT and pN status, and ER status. More importantly, as for ER+ HER2- early breast cancers not treated with chemotherapy, PLR and LMR were found to be independent predictors of 5-years LRRFS, and LMR predicted both LRRFS and DFS.

Lymphocyte ratios have drawn an increasing attention in different fields of medicine, as they can be easily assessable markers of inflammation and prognosis in several disorders. From a pathophysiological point of view, a state of systemic inflammation is associated to an increased tumor aggressiveness due to the pro-angiogenic oxidative state that favours the acquisition of a stem cell status as well as the impairment of DNA repair mechanisms. Multiple studies have shown that higher NLR is associated with poorer survival in metastatic breast cancer (21, 22) and a recent meta-analysis highlighted that higher NLR was associated with both worse DFS and overall survival (12). Several previous studies reported that higher NLR is also associated with more advanced and aggressive breast cancer (23, 24). For this reason, the ratios between neutrophils in blood and other leukocytes, as the NLR, have been suggested as a prognostic value in cancer (25, 26). NLR is higher in patients with a more advanced disease (24), and correlates with poor survival in many cancers (27). However, recent studies showed controversial evidences of NLR usefulness in hormone receptor-positive breast cancer (28, 29). NLR, simple and inexpensive biomarker, has been introduced as a significant prognostic factor in many tumor types (30). However, it has not been accepted in many clinical settings since neutrophilia can be the result of elevated granulopoiesis and, therefore, may not be considered as an adverse sign for cancer progression. Another reason is that neutrophilia is associated with poor clinical outcome in all cancers except for stomach cancer, in which case a high NLR is a marker of good prognosis (27).

In this study, we analyzed simultaneously NLR, PLR and LMR as potential inflammatory biomarkers, and all of them showed concordant prognostic results in terms of 5-years LRRFS in early breast cancer patients. Interestingly we did not observe any overlap between clinical risk assessment and NLR, PLR, LMR in the prediction of survival outcomes. This suggests that the information derived from inflammatory biomarkers is different and non-redundant with the clinical features of the tumor currently available. Indeed, preoperative lymphocyte ratios may be more related to the patient’s immune system rather than being associated with the tumor burden, especially in case of early breast cancers. Therefore, easy-gettable lymphocyte ratios from routine blood counts may provide precious prognostic data to be added to the standard clinical assessment of the tumor.

Regarding ER+ HER2- early breast cancer, we found that preoperative PLR and LMR are prognostic biomarkers of disease recurrence. This piece of data may be helpful in clinics, where failure of standard therapy (endocrine treatment and chemotherapy) is observed in a substantial portion of ER+ HER2- early breast cancers (31–33). Therefore, non-invasive, inexpensive and easy obtained circulating biomarkers may contribute to select those patients who will benefit from personalized and scaled-up adjuvant treatments.

The main strengths of this study are: the large cohort of patients presented, the data homogeneously collected, and the simultaneous assessment of different lymphocyte ratios. However there are some limitations and pitfalls worth mentioning. First, the time span of the registry is rather long, so cancer therapy, types, and prognosis might have changed over time. Secondly, our findings may have been biased by the retrospective nature of the study. Lastly, we did not evaluate the stromal TILs in the tumors. Literature data demonstrate a robust association between stromal TILs and better prognoses, in particular in triple negative and HER2+ breast cancers (34–36). In these breast cancer subtypes high levels of TILs are also associated with increased response to neoadjuvant and adjuvant chemotherapy (37–39). However, a defined prognostic and predictive role of TILs in luminal-like breast cancer is still debated, likely due to the biological heterogeneity of this breast cancer subtype (40, 41). As future perspective, further studies will be undertaken to quantify TILs in selected cohorts of early breast cancers, with the aim to correlate the systemic inflammatory biomarkers with the corresponding picture of the immune infiltrate in the tissue.

In conclusion, our data suggest that preoperative systemic inflammatory blood biomarkers could provide clinically relevant information regarding the risk of disease relapse in early breast cancer, especially in case of ER+ HER2- tumors generally considered as good prognosis. Further studies assessing the clinical suitability of these markers are required. Moreover, postoperative inflammatory biomarkers should also deserve attention to determine the course of some treatments, by assessing the changes occurring during treatments in appropriately designed prospective studies.
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