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Purpose

This study aims to clarify the prognostic significance of metastasis-related indicators in peripheral blood in stage I-III breast cancer (BC).



Methods

The clinicopathological data of 938 breast cancer patients and 509 benign breast disease patients were retrospectively analyzed, and fasting blood samples were collected before treatment. Univariate and multivariate regression analyses were used to evaluate factors related to metastasis risk and prognosis. The Kaplan-Meier method was used to generate survival curves, and the log-rank test was used to measure differences in survival between groups.



Results

Use the cut-off value (3.433) of LMR, the logistic regression analysis revealed that high carbohydrate antigen 153 (CA153), carbohydrate antigen 125 (CA125), carcinoembryonic antigen (CEA), killer T cell level, and low lymphocyte to monocyte ratio (LMR) level were significantly associated with BC distant metastasis. In contrast, LMR>=3.433 (HR: 0.409, 95%CI: 0.193–0.867, P = 0.020), Th/Tc ratio >=1.946 (HR: 0.378, 95% CI: 0.158–0.904, P =0.029) is regarded as a protective factor in the multivariate cox analyses. LMR is an independent prognostic factor for DFS in HER2-negative BC patients.



Conclusion

Peripheral blood parameters play an important role in predicting distant metastasis and prognosis of BC patients. As a potential marker, LMR can predict the metastasis and prognosis of patients with stage I-III BC.
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Introduction

Breast cancer (BC) is the most common cancer in women and the leading cause of cancer death among them. In both sexes combined, female BC (11.6% of all cases) is the second most widely diagnosed cancer in 20 regions of the world (1). Curative surgical treatment of local BC patients and pathological sampling of lymph nodes are the first steps in treatment in the traditional sense (2). However, in the current treatment, neoadjuvant chemotherapy before surgery has been considered the preferred strategy for operable or non-operable BC (3). Recurrence or metastasis may occur in these treated BC patients, but we lack effective and reliable predictive biomarkers to guide risk stratification before treatment (4, 5). However, these studies’ results are still inconsistent in the efficacy of risk estimation among various tumors, and it is difficult to find accurate estimates of BC diagnosis and metastasis.

Immune function is an important prognostic factor of BC. It is involved in tumorigenesis, progression, and metastasis (6). Platelet to lymphocyte ratio (PLR), lymphocyte to monocyte ratio (LMR), neutrophil to lymphocyte ratio (NLR) in tumors, including BC, shows its diagnostic and prognostic value (7–9). We observed changes in the ratio of neutrophils, lymphocytes, and monocytes in peripheral blood during the tumor immunity response (10, 11). In these studies, the percentage of NLR is associated with a poor tumor prognosis (12). Changes in the ratio of LMR and PLR also reflect that the balance between the adaptive immune system and the innate immune system is broken, and the body lacks anti-tumor activity (13, 14)

Currently, research shows that the lymphocyte to monocyte ratio (LMR) can be used as a biomarker for BC detection and monitoring (15, 16). More and more reports indicate that LMR is used in neoadjuvant chemotherapy for various tumors and is a powerful biomarker to verify the efficacy (17–19). All patients need to check the peripheral blood before treatment, and the indicators are cheap and easy to obtain.

Although some studies use the ROC curve based on DFS/OS to determine the LMR cut-off value (20), the DFS/OS outcome is sometimes too subjective and requires a lot of follow-up work, so the cut-off value of different studies is quite different. As we all know, patients with stage IV metastatic breast cancer generally have poor outcomes. Therefore, we used the blood parameters and cut-off ratio points determined by the ROC curve related to distant metastasis to retrospectively analyze the relationship between the survival status of BC patients after treatment and the LMR before treatment. We aim to explain the diagnosis value of these biomarkers as pre-treatment variables and test whether these biomarkers can also be used as post-treatment surveillance parameters.



Method


Two Distinct Cohorts Composed the Comprehensive Study

Our study retrospectively collected data on patients who were treated at Guangxi Medical University from May 2018 to May 2020, the inclusion criteria as follows: 1) woman with BC or breast benign disease, which was confirmed by histology; 2) BC has to be primary; 3) the BC patients’ clinical features, hematological indicators, and inflammatory biomarkers are complete, and 4) the breast benign disease patients’ clinical features and hematological indicators are complete. The exclusion criteria were as follow: 1) patients with other malignant tumors; 2) patients who have acute or chronic hematologic disease, severe systemic infection, or autoimmune diseases; 3) the patients’ clinical features and indicators required by the study are incomplete.

A total of 938 patients who received standard treatment and did not receive anticancer therapy before their surgery enrolled in the study. Patients were followed up for at least 0.5 months. The control cohort consisted of 509 female patients with benign breast diseases treated in our hospital. The laboratory medicine department carries out inflammatory biomarkers. This research was conducted in the Guangxi Medical University Cancer Hospital; this study followed the 2008 Declaration of Helsinki’s ethical guidelines and our hospital code of ethics (LW2021086).



Data Collection

Participants’ data is divided into three parts: clinical-pathological features, blood system indicators, and immunological indicators. The clinical pathological features included age, estrogen receptor (ER), progesterone receptor (PR), HER2, Ki-67, CK5-6, epidermal growth factor receptor (EGFR), TNM stage, location, and transfer area. The blood system indicators contained carcinoembryonic antigen (CEA), carbohydrate antigen 125 (CA125), carbohydrate antigen 153 (CA153) (21, 22), neutrophile, monocyte, platelet. Furthermore, the immunological indicators involved T cell, helper T cell (Th), killer T cell (Tc), natural killer (NK) cell, and B cell (23). All blood samples were collected before treatment. The prognosis was obtained through the follow-up department of this hospital and telephone.



Serum and Plasma Tumor-Related Markers

Before treatment, we collected 3ml of peripheral venous blood from all patients. Serum CEA, CA125, and CA153 were measured using an automatic chemiluminescence immunoassay system (SIEMENS ADVIA centaur; Siemens, Germany). NLR was the absolute neutrophil count/the total lymphocyte, LMR was the total lymphocyte/the absolute monocyte, and PLR was the total platelet count/the total lymphocyte count. These parameters were analyzed from the peripheral blood cell count (DxH 800 hematology analyzer, Beckman Coulter). See Supplementary for the experimental methods of cellular immunology related indicators.



Statistical Analysis

The characteristics of BC patients and benign breast diseases were summarized and described. Frequency distribution represents categorical variables, whereas continuous variables are reported through the median and interquartile range. LMR, NLR, PLR, Th/Tc ratios were calculated from raw hematology indicators. Markers with disease and clinicopathological features were explored by Wilcoxon rank-sum test or Kruskal–Wallis test. The receiver operating characteristic (ROC) curve is built for selecting the optimal threshold and diagnostic accuracy of these continuous indicators. The least absolute shrinkage and selection operator (LASSO) (24) regression model and the multivariable logistic and Cox regression analysis were used to establish a convincing prediction model in BC patients. Disease-Free Survival (DFS) was the time between treatment start and disease recurrence or patient death due to disease progression. Survival difference analysis between groups used by log-rank test and display with the Kaplan-Meier plot. R-4.04 software was used for statistical analysis.




Result


Clinicopathological Features and Inflammatory Biomarkers

In this study, 938 BC patients and 509 benign breast disease patients were included after applying the conditions (Figure 1A), and all participants were women. The median age of benign breast disease was 37 years, and the BC patients were 49 years. There were 747 patients diagnosed as stage I-III and 191 patients diagnosed as stage IV among BC patients.




Figure 1 | Working mode and Distribution of LMR and other indicators in benign breast diseases and tumors. (A) The workflow of this study. (B) Visualization of the correlation matrix of hematology test indicators and benign and malignant tumors, showing that MONO, NRUT, and LMR are related to tumor malignancy. Boxplot of (C) LMR (D) NLR and (E) PLR in benign BC and different stages of the tumor. Differences between groups estimated by Mann–Whitney U as appropriate. (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, ns P > 0.05).



PR-positive accounted for 67.70% of all BC patients, and ER-positive accounted for 71.32%. Of all BC patients 48.93% were HER2 positive, 12.90% CK5-6 positive, and 17.80% were EGFR positive. A further 82.94% of patients of Ki-67 were higher than 14%. Based on the above results, BC patients were identified as luminal A, luminal B, ERBB2, and triple-negative BC (10.13%, 66.31%, 12.69%, and 10.87%).

The median values of the NLR, PLR, LMR were 2.04 [1.56,2.86], 4.75 [3.66,6.08], 150.17 [116.71,194.76] in BC patients. the median values of the NLR, PLR, LMR were 2.04 [1.56,2.65], 5.42 [4.32,6.60], 143.65 [118.75,179.08] in benign breast disease patients. The patients’ details are list in Table 1.


Table 1 | Clinicopathological factors and baseline characteristics.





Compared With Benign Breast Disease and BC Patient Group in Inflammatory Biomarkers

The heat map shows that LMR is associated with benign breast disease and malignant BC (Figure 1B). Moreover, in the analyses of tumors benign and malignant, the level of LMR is highest in patients with benign breast disease. It gradually decreases in patients with stage I-III BC and stage IV BC, as shown in Figure 1C (P<0.01). The NLR and PLR gradually increased in patients with stage I-III BC and stage IV BC, but the difference between stage I-III BC patients and benign BC was not significant, as shown in Figures 1D, E.



Optimal Threshold of Inflammatory Biomarkers in BC

ROC curves were analyzed the optimal threshold and their diagnostic sensitivities and specificities drawn in Figure 2 and Table S1. For the diagnosis of BC, we found that peripheral blood NLR, LMR, and PLR have a low diagnostic value (AUC<0.6) in BC with the threshold as 1.711, 5.239, and 237.011. When using one marker in BC distant metastasis, the best sensitivity was CEA (0.66), the best specificity was LMR with 0.846, and the highest Youden’s index was CA153, respectively. Using the cut-off values in Table S1, we divided BC into high and low groups according to different markers for subsequent analysis.




Figure 2 | ROC curve of peripheral blood indicators. (A) Perform ROC curve analysis on 1483 breast disease patients to select the best hematological index boundary value for distinguishing BC, including NLR, LMR, and PLR. (B) Performed on 938 BC patients to select the best cut-off value of hematological parameters for distinguishing patients with distant metastasis of BC, including CA153, CEA, CA125, NLR, LMR, PLR, Th cell%, Th/Tc radio, T cell%, Tc cell%, B cell%, NK cell%.





Correlation Between Pre-Therapeutic Inflammatory Biomarkers With Clinicopathological Data

In Figure 3A, we initially compared the correlations between different markers and pathological data and traditional immune index, including Th, Tc, Bcell, etc. We found that LMR has no correlation with immune indicators, but it is related to metastasis and stage. At the first diagnosis, we divide BC patients into multiple groups based on demographic and clinical characteristics collected before receiving any treatment to assess differences in the baseline concentration of different markers. As shown in Table S2, most patients with advanced BC have high NLR, PLR, and low LMR ratios (p<0.001). The Kruskal–Wallis test of the TNM stage revealed that high PLR, NLR, and low LMR correlated with high T stage, lymph node metastasis, and distant metastasis, shown in Figures 3B–D.




Figure 3 | Correlation between clinical indicators and hematological indicators. (A) The heat map of the correlation between clinical indicators and hematological indicators in BC. Different colors in the figure correspond to different correlation coefficients, and different significance levels are marked as *P < 0.05, **P < 0.01. (B) Boxplots of the significantly reduced LMR in the clinical TNM stage. Boxplots of elevated (C) NLR and (D) PLR in the clinical TNM setting. Differences between groups were estimated using the Kruskal–Wallis test.





The Predictive Value of Inflammatory Biomarkers for BC Distant Metastasis

To explore the diagnostic significance of high LMR before treatment for BC distant metastasis, we used five peripheral blood indicators to construct a nomogram to predict BC metastasis. These indicators are the smallest P values in multiple logistic regression (Figure 4A). First, based on 938 BC patients, we used LASSO and 10-fold cross-validation to screen out nine indicators (Figure S1), included Tcell, helper T cell, killer T cell, B cell, NLR, LMR, CEA, CA125, and CA153 (Figure 4B, lambda.min=0.006644068). To further verify the accuracy of the results, the univariate and multivariate logistic regression analysis among these above features is shown in Table 2. The model finally contains CA153 (OR=4.307, P<0.001), LMR (OR=0.375, P<0.001), CEA (OR=3.345, P<0.001), CA125 (OR=1.625, P=0.021), and killer T cell (OR=1.700, P=0.012). The BC metastasis risk nomogram’s calibration curve, which use to predict a BC patient’s risk of progressing to stage IV, shows excellent consistency (Figure 4C, AUC=0.8290404). The model was verified by bootstrapping (Figure 4D, C-index=0.829). The model decision curve analysis showed that using a nomogram to predict BC metastasis risk would benefit more than the scheme if the threshold probability of patients and doctors are >4% and <84% (Figure 4E), respectively.




Figure 4 | Nomogram for prediction of BC metastasis risk. (A) shown is the Nomogram for predicting the risk of stage IV based on Multivariate logistic regression analysis in BC patients. (B) Selection results of the LASSO model. The partial likelihood deviance (binomial deviance) curve plot versus logλ. Dotted vertical lines draw at the optimal values by using the minimum criteria. (C) Plotted is a ROC curve for the independent validation cohort of the logistic regression model used in the Nomogram. The AUC is denoted, with the closer to 1, the better the model is. (D) the calibration plot gives the prediction performance of the proposed Nomogram in the discovery cohort, with the closer to the 45° line, the better the performance. (E) Decision curve analysis for the risk nomogram. The X-axis is the risk threshold probability that changes from 0 to 1, and the Y-axis is the calculated net benefit for a given threshold probability.




Table 2 | Univariate and multivariate logistic regression analysis predicts distant metastasis of BC.





Low LMR Indicated Poor Prognosis in Stage Ⅰ-Ⅲ BC

To explore the clinical significance of high LMR before treatment for BC, in our research cohort, the median follow-up period of 12 months (range: 0.5-24 months) of 747 stage I-III BC patients, 30 patients (4%) experienced disease recurrence or died (for any reason). Table S1 determines the cut-off value of our grouping here. Univariate and multivariate Cox proportional hazards models conduct to investigate the relationship between clinical variables and DFS (Figure 5A). In the multivariate analysis, high LMR (HR=0.409, p=0.02) and Th/Tc ratio (HR=0.378, p=0.029) were independent prognostic factors of a protective factor in stage I-III BC. The time-dependent ROC curve analysis of LMR shows that the maximum AUC of our LMR in 6-24 months is 0.649 (Figure S2). We further analyze the distribution of risk levels, survival status, and survival time patterns of BC patients with different LMR (Figures 5B). Kaplan-Meier survival analyses performed on the stage I-III BC showed the DFS of BC patients with lower LMR values was worse than that of patients with higher LMR values (Figures 5C). We regret that no clinically valuable markers have been screened in either univariate or multivariate survival analysis in stage IV BC. The results show in Table S3.




Figure 5 | Assessment of the prognostic risk model of LMR and clinical features in stage I-III BC. (A) Univariate and multivariate analyses of the clinical characteristics and LMR with the DFS. (B) Distribution of LMR risk score for the stage I-III BC. (C) Kaplan-Meier survival curves of the DFS of patients in the different LMR groups for stage I-III BC.





Clinical Prognostic Evaluation of LMR in Different Molecular Subtypes of BC

We retrospectively analyzed the relationship between preoperative blood parameters and clinical outcomes after treatment in BC patients with different molecular subtypes. According to HR (ER, PR) expression, BC patients are divided into HR-positive (either ER, PR are positive for any term) and HR negative groups. Patients are divided into HER-2 positive and HER-2 negative groups according to HER-2 expression. In addition, we also discussed patients with triple-negative BC. Although in univariate analysis, LMR is a prognostic factor for DFS in HR-positive (p = 0.048), HR-negative (0.054), and HER2-negative (p = 0.007) BC patients, it is only an independent prognostic factor for DFS in HER2-negative BC patients (LMR, P = 0.022). We did not find any indicators as independent prognostic factors for DFS in patients with HR negative and triple-negative BC. The results are presented in Table S4. Using the cut-off values in Table S1 divided stage I-III BC. The discrepancies in DFS stratified by the molecular subtypes were analyzed. The DFS of the high-LMR group was still better than the low LMR group, except for HR-positive and triple-negative subtypes (Figure 6).




Figure 6 | Kaplan-Meier curves of DFS differences stratified by the molecular subtypes between the high- and low-LMR groups in the stage I-III BC.






Discussion

Compared with the pathological examination, detecting markers in whole blood after surgery has many advantages (25). The previous studies demonstrated that many clinical test indicators have diagnostic and prognostic functions in the diagnosis and metastasis of BC. A meta-analysis with 12,993 subjects showed that elevated serum CA153 or CEA was associated with poor overall and disease-free survival in BC patients (26). Serums CEA, CA199, CA125, CA153, and TPS can diagnose metastatic BC, and different combinations of tumor markers have varying diagnostic values (22).

The present study examined a cohort of 938 BC patients and 509 benign breast disease patients which investigated the association between peripheral blood NLR, LMR, PLR, and other traditional markers. Moreover, the role of these indicators on diagnosis and treatment effects in BC was explored. Our observations on NLR, LMR, and PLR are consistent with the research on multiple cancer types, including BC, in recent years (15, 16, 27–34).

Next, we analyzed the diagnostic accuracy of all indicators. Many previous studies have shown that the threshold is based on the prognosis or quartile of the analyzed cohort (35, 36). Our study used a pooled database of matched patients with stage I-III BC patients and stage IV BC patients. This strategy highlighted significantly higher CEA, CA153, CA125, and killer T cell values in stage I-III BC patients compared to stage IV BC patients. LMR had lower values in stage IV BC patients. It enabled us to compute a threshold based on diseases’ progress and be different from the results obtained by benign disease patients as the control cohort. The obtained cut-offs for CEA, CA153, CA125, killer T cell, and LMR are slightly higher for those found in previous studies (CEA: 5 ng/ml, CA153: 31.3 U/ml, B cell%: literature range: 7%–23%, Th/Tc: literature range: 0.9-3.6, LMR: literature range: 3-5.5) (20, 30–32, 37–39). ROC analysis showed that the accuracy of a single marker for diagnosis of stage I-III BC patients and stage IV BC patients was not high (AUC <0.800). The combined use of CEA, CA153, CA125, killer T cell, and LMR can greatly enhance the diagnostic ability compared to using a single indicator, which indicates that this combination can better predict metastasis risk of BC (AUC =0.829).

Although many previous studies have reported the predictive utility of NLR, LMR, and PLR in treating BC patients, the results obtained are not consistent. Cho U’s (40) reviewed 661 patients diagnosed with invasive BC from 1993 to 2011. In univariate analysis, high NLR, PLR, and low LMR are significantly associated with poor DSS and DFS. In multivariate analysis, only PLR is still considered as an independent predictor of prognosis. In gastrointestinal cancer, BC, and gynecological cancer, multivariate Cox regression analysis found that high expression of NLR was independently associated with decreased PFS (41). In a study of the effect of circulating blood lymphocyte subsets on the survival of patients with metastatic BC (MBC), Th cells was a negative independent predictor of PFS (hazard ratio [HR] = 0.538, 95% confidence interval [CI] = 0.313-0.926, P = 0.025) (42). Both Th and Tc increase and participate in the immune response. Tc cells are the key effector cell population that mediates effective anti-tumor immunity (43, 44). On the contrary, Th cells in the tumor have a negative prognostic effect on the prognosis of BC patients.

The degree of tumor malignancy is related to non-specific inflammation. Inflammatory mediators can cause abnormal proliferation and deterioration of tumor cells (45). This study used metastatic BC with a high degree of malignancy to divide the cut-off value of LMR and other hematological indicators. It used this value to find effective markers to predict the risk of distant metastasis and stage I- III BC prognosis. Although different cut-off values were selected, consistent with our research is that LMR predicts the efficacy and prognosis of BC patients (16, 20, 46). However, relevant research reports also have different results. The clinical prognostic effect of PLR in BC is better than that of LMR (47).

We followed up a larger BC cohort and included tumor proliferation, cellular immunity, and inflammatory factors before treatment compared with other studies. We were surprised to find that the Th/Tc (CD4:CD8) ratio is an independent prognostic factor for stage I- III BC. Th/Tc ratio repeatedly reports being associated with lymph node metastasis and the prognosis of triple-negative BC (44, 48–52).

However, this study has limitations. First of all, the patients enrolled in this study are single-center, which lacks the universality of the results. Second, due to the limited follow-up data, detailed treatment factors did not include in the analysis (including neoadjuvant chemotherapy, immunotherapy, and surgical methods), which may affect the accuracy of the results. Third, because there is no epidemiological investigation of patients, the level of peripheral blood markers may be affected by surgical methods and accompanying diseases. Finally, this study may help better understand the relationship between different types of whole blood markers and BC progress.



Conclusions

The prognosis of BC recurrence and metastasis is poor, and there is an urgent need for easily available predictors. This study found that low LMR and Th/Tc ratios in stage I- III BC indicate poor prognosis. Additionally, LMR combined with other indicators (CEA, CA153, CA125, and Tc cell%) can enhance the predictive value of BC distant metastasis. Although CEA, CA153, CA125, NLR, PLR, and other factors are not independent prognostic indicators of DFS, the values of NLR and PLR are related to TNM staging. CEA, CA153, and CA125 can independently predict metastasis, suggesting that other markers still have clinical significance. We hope this research can help doctors treat BC patients.
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