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Background

Derived neutrophil-to-lymphocyte ratio (dNLR) is a biomarker associated with clinical outcome in breast cancer (BC). We analyzed the association of dNLR with pathological complete response (pCR) in triple-negative BC (TNBC) patients receiving neoadjuvant chemotherapy (CT).



Methods

This is a retrospective analysis of two randomized studies involving early stage/locally advanced TNBC patients receiving anthracycline/taxane-based CT+/−carboplatin (GEICAM/2006-03) or nab-paclitaxel/paclitaxel followed by anthracycline regimen (ETNA). dNLR was calculated as the ratio of neutrophils to the difference between total leukocytes and neutrophils in peripheral blood before CT (baseline) and at the end of treatment (EOT). Logistic regression analyses were used to explore dNLR association with pCR.



Results

In total, 308 TNBC patients were analyzed, 216 from ETNA and 92 from GEICAM/2006-03. Baseline median dNLR was 1.61 (interquartile range (IQR): 1.25–2.04) and at EOT 1.53 (IQR: 0.96–2.22). Baseline dNLR showed positive correlation with increased tumor size (p-value = 1e−04). High baseline dNLR, as continuous variable or using median cutoff, was associated with lower likelihood of pCR in univariate analysis. High EOT dNLR as continuous variable or using quartiles was also associated with lower pCR rate in uni- and multivariate analyses.



Conclusions

High baseline and EOT dNLR correlates with lower benefit from neoadjuvant CT in TNBC.
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Introduction

Neoadjuvant chemotherapy is a widely used therapeutic option for the treatment of early-stage or locally advanced breast cancer (1). This is particularly evident for the treatment of HER2-positive breast cancer or the triple-negative breast cancer (TNBC) subtypes in which pathological complete response (pCR) has been shown to be associated with improved clinical outcome (2–5). Further, patients with TNBC or HER2 positive tumors that do not achieve a pCR can be offered additional adjuvant treatment including TDM1 or chemotherapy, respectively, which has demonstrated an improvement in survival (5, 6). For TNBC, although not all clinical studies have confirmed this benefit, residual invasive disease following neoadjuvant chemotherapy is indicative of high risk of relapse and additional adjuvant treatment with capecitabine can contribute to the reduction of this risk (7, 8). Unfortunately, the benefit of neoadjuvant chemotherapy in other subtypes of breast cancer, particularly in the luminal group, is less clear and is restricted to locally advanced cases.

Inflammation as a consequence of the immune response to the tumor is a hallmark of cancer (9). In addition, the presence of an immunogenic activated environment identifies tumors that have a better prognosis and predicts for response to immune checkpoint inhibitors (ICIs) (10, 11). TNBC demonstrates heightened immunogenic activation, but data with ICIs in the advanced disease have demonstrated disappointing results, with only one study showing an increase in overall survival when the population was selected by PD-L1 expression (12). In one study, pembrolizumab in combination with chemotherapy in the neoadjuvant setting slightly reached the prespecified pathological complete response threshold to consider the experimental arm as being beneficial (13) The ability to identify biomarkers that can help to select patients whose tumors are most likely to respond to ICIs in combination with chemotherapy would be clinically important. Although it is known that immunologic transcriptomic signatures can identify immune-active tumors that can better respond to chemotherapy (14), the evaluation of biomarkers which can be more easily implemented is a clinical necessity.

The derived neutrophil-to-lymphocyte ratio (dNLR) is calculated as the ratio of neutrophils to the difference between total leukocytes and neutrophils in peripheral blood (15). Its role to discriminate prognosis has been widely explored and in some indications has already been incorporated in clinical guidelines (e.g., prostate cancer).

It is clear that the use of liquid biopsy to study genomic correlates of the tumor or to indirectly evaluate biomarkers of immune response has gained momentum, demonstrating its utility in different clinical scenarios (16).

Our group and others have explored the role of dNLR in early-stage breast cancer demonstrating its prognostic value (17–19). The role of dNLR in the neoadjuvant setting to predict response to chemotherapy has not been established.

To this end, we evaluated two randomized studies (GEICAM/2006-03-NCT00432172 and ETNA-NCT01822314) which investigated neoadjuvant chemotherapy in operable early stage (>2 cm; node positive) or locally advanced tumors to explore the capability of dNLR to predict response in the TNBC subgroup.



Material and Methods


Clinical Trials and Patients

Data from patients who participated in the randomized phase 2 GEICAM/2006-03 (NCT00432172) and phase 3 ETNA (NCT01822314) trials were analyzed retrospectively. Details and main results of the studies were published elsewhere (20–22). Briefly, in the GEICAM/2006-03 trial, HER2-negative patients were selectively treated according to clinical subtypes: triple-negative (TN) patients received standard taxane/anthracycline-based chemotherapy (TA-CT) +/− carboplatin, while luminal patients were randomized to TA-CT vs. hormone therapy (only patients (pts) that received TA-CT +/− carboplatin were considered for this analysis). In the ETNA trial, HER2-negative pts were treated with nab-paclitaxel or paclitaxel followed by anthracyclines. In both studies, pCR in breast and axilla was used to measure treatment response according to Miller&Payne criteria. Analysis of ER, PgR, and HER2 status was carried out in a central laboratory in the two studies. TN subgroup was defined as estrogen receptor (ER) negative, progesterone receptor (PgR) negative, and HER2.



dNLR Calculation

dNLR was calculated from analytical values of peripheral blood collected either before the start of chemotherapy (baseline) or at the end of treatment (EOT). dNLR was calculated as the ratio of the absolute neutrophil number to the difference between absolute total leukocyte and absolute neutrophil counts, a proxy for lymphocyte count (22). Patients without information on neutrophils and leukocytes and patients with leukocyte counts >15 × 109/L were excluded, as this might reflect infectious or hematologic conditions unrelated to breast cancer.



Statistical Analyses

Univariate and multivariate logistic regression analyses were used to explore the association of dNLR with main clinical characteristics and dNLR capability (distributed as a continuous variable, using median cutoff and quartiles) to predict pCR. Multivariate models were adjusted for important clinical variables (treatment, tumor size, lymph nodes, grade, Ki67) and for clinical variables significantly associated (p-value <0.1) with pCR (age, histological type). An optimal cutoff model based on Youden Index was also used to analyze the association of basal dNLR with pCR.




Results


Clinical and Pathological Patients’ Characteristics

A total of 308 patients with TNBC were included in the analysis, 216 from the ETNA and 92 from the GEICAM/2006-03 study. Both trials evaluated neoadjuvant chemotherapy in early stage (tumor >2 cm and/or node positive) or locally advanced triple-negative and luminal breast cancers. Median age of the analyzed patients was 51 years. Most patients had cT2 disease (n = 227, 73.7%)and cN1 (n = 153, 49.7%) followed by cN0 (n = 133, 43.2%). pCR was achieved in 36.7% (n = 113) of the treated patients. All patients’ characteristics, according to response to chemotherapy (pCR = No/Yes) are described in Table 1.


Table 1 | Main clinical-pathological patients’ characteristics.





dNLR Expression and Association With Clinical Characteristics

Median baseline dNLR was 1.61 (IQR: 1.25–2.04), and at the EOT 1.53 (IQR: 0.96–2.22) (Figure 1) (Table 2).




Figure 1 | dNLR median values before CT (Baseline) and at EOT. dNLR, derived neutrophil-to-lymphocyte ratio; CT, chemotherapy; EOT, end of treatment.




Table 2 | dNLR expression in the patients’ population.



Analysis of the association of baseline dNLR with the main clinical features (tumor size, lymph nodes, tumor grade, Ki67) demonstrated a significant correlation only with tumor size (p-value = 1e−04) (Table 3). No significant associations were found between EOT dNLR and clinical features (Table 3).


Table 3 | Association of dNLR with clinical and pathological parameters in TNBC.



No association was observed between baseline dNLR and EOT dNLR (correlation coefficient: 0.138).



Association of Baseline and EOT dNLR With pCR

In the univariate analysis, high baseline dNLR level, considered continuous and categorical variable defined by the median cutoff, was associated with a lower likelihood of pCR (OR: 0.709; 95% CI: 0.5–1.006, p-value = 0.0406 and OR: 0.59; 95% CI: 0.37–0.94, p-value = 0.0244, respectively). The association between baseline dNLR quartiles and pCR was only marginally significant (p-value = 0.0706). The association did not retain significance in multivariate analysis after correction for clinical variables (Table 4).


Table 4 | Association of baseline and EOT dNLR with pCR in TNBC patients’ population.



High EOT dNLR levels considered a continuous variable was associated with lower likelihood of achieving a pCR, in both univariate (OR: 0.665; 95% CI: 0.501–0.884; p-value = 0.0034) and multivariate (OR: 0.62; 95% CI: 0.406–0.946; p-value = 0.0231) logistic regression analysis. High EOT dNLR defined by the median cutoff demonstrated only a trend for association with lower pCR (OR: 0.64; 95% CI: 0.38–1.06; p-value = 0.084). When EOT dNLR was assessed by quartiles, a significant association between higher dNLR and lower rate of pCR was described in both uni- and multivariate analyses (p-value = 0.006 and 0.021, respectively). This association was driven by the highest quartile as demonstrated by the comparison with the combined lower quartiles (OR: 0.32; 95% CI: 0.17–0.64; p-value = 5e−04 and OR: 0.26; 95% CI: 0.1–0.63; p-value = 0.002, respectively).

An exploratory assessment of dNLR to define the optimal predictive cutoff points was performed: baseline cutoff = 1.715 (OR: 0.65; 95% CI: 0.51–0.82; p-value = 0.035) and EOT dNLR cutoff = 2.231 (OR: 0.43; 95% CI: 0.25–0.74; p-value = 0.0035) (Table 5).


Table 5 | Association of baseline and EOT dNLR with pCR in TNBC patients’ population—cutpoint model.



Supplementary Tables S1–S3 describe the variables included in the multivariate logistic regression analysis.




Discussion

We described a new biomarker related to inflammation and immune response which is associated with a lower likelihood to achieve pCR in patients with TNBC treated with chemotherapy in these two prospective randomized trials. Identification of patients who derive the greatest benefit from chemotherapy is useful to optimize treatment tailoring and therefore the discovery of novel predictive biomarkers that could be easily implemented in the clinic is warranted.

Achieving a pCR has been associated with better clinical outcome particularly for the triple-negative and HER2-positve subtypes (23).

TNBC is the more immune-activated breast cancer subtype, and incorporation of immune checkpoint inhibitors in combination with chemotherapy in high-risk TNBC appears promising and will likely become the new standard of care (24, 25). However, the current unmet need is the precise identification of patients who will most likely benefit from the addition of immune checkpoint therapy to the standard of care.

In the case of TNBC, predictive biomarkers of response to neoadjuvant chemotherapy have been demonstrated both in terms of tumor-infiltrating lymphocytes and transcriptomic signatures (26–28). In our study, dNLR appeared to be another promising easily assessable and reliable biomarker that could be incorporated into the clinical practice and might help to identify those patients with lower benefit from chemotherapy and who might benefit the most from additional treatments.

How chemotherapy can affect inflammation in TN subtype is unclear, but some studies have suggested that it could modulate immune populations therefore influencing treatment efficacy (29). Conversely, systemic inflammation could be associated with different local immune milieu such as the amount of tumor-infiltrating lymphocytes, which are known to influence prognosis and response to chemotherapy.

In this study, no association between dNLR and clinicopathological parameters was observed with the exception of larger tumor size which was associated with high dNLR. To this regard, the association with size can just confirm the more aggressive phenotype recognized by the presence of dNLR.

EOT dNLR as a continuous variable and by quartile distribution was associated with a reduce rate of pCR in TNBC in univariate and multivariate analyses. This finding suggests that administration of chemotherapy may affect the immune system within the tumor, inducing inflammation that somehow could limit the efficacy of the chemotherapy (29). Alternatively, it is known that chemotherapy can stimulate an immunologic cell death, which depends on the tumor type and the specific genomic and stromal microenvironment and could favor the efficacy of chemotherapy (30).

Assessment of dNLR in TNBC using the optimal cutoff showed a negative association with pCR in the Cox regression model at baseline and at the EOT dNLR. This suggests that high baseline dNLR may also be informative as to which patients are less likely to benefit from chemotherapy. Assessment of this biomarker before treatment can be implemented easily, thus potentially allowing its incorporation into management decisions. In this context, integration of liquid biopsy to help the management of our patients is gaining momentum, and the reported analysis here is an example of one of those applications.

We recognize that there are limitations in our analysis. Firstly, this is a retrospective analysis which would need to be confirmed ideally in a prospective clinical trial. Secondly, it is unclear if the observed association of dNLR levels and lower likelihood to response to chemotherapy would be influenced when ICIs are used together with chemotherapy. In this regard, the analysis of dNLR in patients treated with ICIs in combination with chemotherapy in the neoadjuvant setting warrants investigation, as it might identify a subgroup of patients who derive less benefit also from ICIs.

High levels of dNLR correlate with lower likelihood to benefit from chemotherapy in TN tumors receiving neoadjuvant chemotherapy. This finding warrants confirmation in larger retrospective or prospective cohort of patients and in the context of inclusion of ICIs use in the neoadjuvant setting.



Conclusions

Our results suggest that high dNLR levels at baseline and especially at EOT are associated with lower likelihood of achieving a pCR in patients with TNBC treated with neoadjuvant chemotherapy. The reported data should be considered exploratory, and the evaluation in an additional dataset will be necessary to confirm these results. Similarly, future studies should evaluate the role of dNLR to predict response of ICIs in combination with chemotherapy.
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