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Background: Up to 30% of breast cancer (BC) patients treated with neoadjuvant
chemotherapy (NCT) will relapse. Our objective was to analyze the predictive
capacity of several markers associated with immune response and cell
proliferation combined with clinical parameters.

Methods: This was a single-center, retrospective cohort study of BC patients
treated with NCT (2001-2010), in whom pretreatment biomarkers were
analyzed: neutrophil-to-lymphocyte ratio (NLR) in peripheral blood, CD3+
tumor-infiltrating lymphocytes (TILs), and gene expression of AURKA, MYBL2
and MKI67 using gRT-PCR.

Results: A total of 121 patients were included. Median followup was 12 years. In a
univariate analysis, NLR, TILs, AURKA, and MYBL2 showed prognostic value for
overall survival. In multivariate analyses, including hormone receptor, HER2
status, and response to NCT, NLR (HR 1.23, 95% Cl 1.01-1.75), TILs (HR 0.84,
95% CI 0.73-0.93), AURKA (HR 1.05, 95% CI 1.00-1.11) and MYBL2 (HR 1.19, 95%
Cl 1.05-1.35) remained as independent predictor variables.
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Conclusion: Consecutive addition of these biomarkers to a regression model
progressively increased its discriminatory capacity for survival. Should
independent cohort studies validate these findings, management of early BC
patients may well be changed.

KEYWORDS

Breast cancer, neoadjuvant chemotherapy, neutrophil-to-lymphocyte ratio, tumor-
infiltrating lymphocytes, proliferation markers

1 Introduction

Neoadjuvant chemotherapy (NCT) is the first treatment option
for locally advanced and inflammatory breast cancer (BC). It is also
a standard treatment in HER2-positive (HER2+) and triple-
negative (TNBC) early BC (1). NCT increases the rate of
conservative surgery, enables treatment response monitoring and
the selection of adjuvant treatment according to risk, and provides
unique opportunities for developing novel and individualized
therapeutic strategies (1, 2).

Risk stratification is critical in BC patients receiving NCT, as
residual pathological disease can affect postoperative decision-
making (3). Pathological complete response (pCR) has been
classically considered a robust predictor of recurrence, disease-
free survival (DFS), and overall survival (OS), especially in the
context of the most aggressive subtypes, i. e., HER2+BC and TNBC
(2, 4, 5). Despite curative intent, up to 30%-40% of these cases,
including some who achieved pCR, will relapse in the first 5 years of
follow-up (6). It is crucial that we identify other prognostic factors
that can help distinguish individuals who will relapse despite having
achieved pCR after NCT.

The adaptive and the innate immune response play a pivotal role
in tumor immunosurveillance and can limit tumor development and
growth, and determine response to new therapeutic approaches, such
as immunotherapy. The role of the immune response in BC has not
been fully elucidated. Nevertheless, there is growing evidence that the
tumor immune microenvironment plays a key role in the response to
different cancer treatments and in prognosis (7).

Several immunological parameters are being investigated or
developed as intermediate biomarkers of cancer regression,
progression, or recurrence. The most extensively studied marker to
date is probably tumor lymphocytic infiltration (8). Tumor-infiltrating
lymphocytes (TILs) have been proposed as a predictor of response and
prognosis in HER2+ BC and TNBC subtypes, but their involvement in
luminal BC is less clear (7). The characterization of the immune cell
population in BC and its activation status is mandatory to improve
prognosis and to predict treatment response (9).

The chronic inflammatory response is also closely linked to the
development and prognosis of certain cancers (10). There is
mounting evidence that the total leukocyte count and, most
notably, the neutrophil-to-lymphocyte ratio (NLR) prior to
embarking on anticancer treatment predict an adverse clinical

outcome in several solid tumor (11, 12). This marker is
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particularly interesting since it integrates the subject’s immune
response capacity with their inflammatory status, which tends to
correlate with tumor progression and poor prognosis (13). In BC
patients, an elevated NLR has been implicated in decreased survival,
above all in localized stages (14-16).

The expression of proliferation-related genes in BC is linked to
more aggressive subtypes (luminal B and non-luminal subtypes)
and forms the foundation for the recent inclusion of
clinical KI67 determinations as a predictive and prognostic
immunohistochemical (IHC) marker (17). Furthermore,
proliferation gene expression is key to understanding biological
diversity in luminal BC (18). In fact, gene testing to determine the
risk of recurrence includes this information (18-20).

The aurora A kinase (AURKA) gene codifies a serine/threonine
kinase with a key role in mitosis regulation that works as an
oncogene promoting tumorigenesis (21, 22). Several signaling
pathways have been related with AURKA, including PI3K-Akt,
Wnt, Hippo, p53 and FOXO (21). Additionally, AURKA is a
proliferation marker and its overexpression has also been linked
to unfavorable prognosis in BC (23, 24). AURKA has been proposed
as a possible biomarker and therapeutic target in chemotherapy and
hormonotherapy resistance (25-31).

MYBL2 overexpression has been described as a robust marker
of replicative instability (RIN) that can occur in multiple tumor and
is a driver in progressive disease and treatment resistance (32). In
BC patients, a high MYBL2 proto-oncogene level may also be a
biomarker of adverse prognosis (33, 34) and could promote tumor
invasion by the induction of epithelial-mesenchymal transition
(EMT) and modulation of immune microenvironment (35, 36).
In vitro studies have demonstrated its role in tamoxifen resistance
(37). Interestingly, Guarneri et al. in the ShortHER phase III trial
found that HER2-enriched BC tumor with mutated PIK3CA had an
upregulated expression of MKI67, MYBL2, ESR1, PDCDI and other
genes, but only MYBL2 and PDCDI were related with a better
DFS (38).

A single perfect biomarker is unlikely to exist. Recent
publications suggest that combined biomarker determination can
potentially yield more complete and relevant information (39).
Importantly, the predictive value of proliferative signatures and
immune signatures are apparently independent, at least in TNBC
(40). Combining two proliferation markers such as AURKA and
MYBL2, with different biological meaning and with diverse impact
on therapeutic resistance, might also improve prognostic
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stratification. Hence, given the need to enhance currently available
prognostic systems and to optimize therapeutic strategies, we have
analyzed the prognostic contribution of several immune response-
related markers, both in the tumor microenvironment and
systemically, in combination with tumor proliferation and
clinical-pathological features, in BC patients treated with NCT.

2 Materials and methods
2.1 Study cohort and clinical management

A series of patients consecutively diagnosed with stage II or III
BC who received NCT in the Hematology and Medical Oncology
Department of a single tertiary hospital (University Hospital
Morales Meseguer, Murcia, Spain) between July 2001 and
October 2010 was retrospectively analyzed. Clinical evaluation at
diagnosis was conducted as per clinical practice criteria, including
breast MRI and axillary ultrasound in all cases. Pre-NCT lymph
node status was determined by ultrasound-guided fine needle
aspiration or sentinel node biopsy. Treatment followed local
protocols, in accordance with international recommendations
applicable at the time of diagnosis (41). NCT included taxanes
and anthracyclines, as well as trastuzumab in patients with HER2+
tumor. After surgery, hormone therapy was prescribed to all
patients with hormone receptor (HR)-positive tumor and
adjuvant trastuzumab in HER2+ tumor. Adjuvant radiotherapy
was administered to all patients treated with conservative surgery,
and to patients undergoing mastectomy with a high risk of relapse.

Written informed consent was obtained from all patients
included in the study. The study was approved by the Clinical
Research and Trials Committee of the University Hospital Morales
Meseguer (Internal code: EST07/15) and was conducted in
accordance with the ethical principles of the Declaration of Helsinki.

2.2 Clinical and laboratory variables and
neutrophil-to-lymphocyte ratio estimation

Demographic and clinical-pathological variables and treatment
and response data were obtained from participants’ clinical records.
Primary outcome variables included DFS, measured from the date
of diagnosis to last follow-up or disease relapse, and OS, quantified
as the date of diagnosis to the date of last follow-up or demise.

Routine laboratory parameters were collected from laboratory
databases, using the closest blood count prior to the date NCT was
initiated (maximum time: four weeks). Pretreatment NLR was
calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count.

2.3 Histopathological evaluation
of the tumor

Estrogen receptor (ER) and progesterone receptor (PR) status
were assessed by THC. Cases were considered negative when the
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percentage of immunoreactive tumor cells was <1%; the remaining
cases (1% of stained tumor cells) were classified as positive. A
validated THC method (Herceptest, Dako North America, CA,
USA) or fluorescent in situ hybridization (FISH) was used to
determine HER2 status. Cases were positive if the Herceptest
result was 3+ and/or FISH exhibited a HER2/CEP17 ratio > 2; all
others were coded as negative. pCR was defined as the absence of
invasive carcinoma in the breast and axilla, regardless of the
presence of carcinoma in situ (ypT0/Tis ypNO).

2.4 Tumor-infiltrating lymphocyte counts

CD3-positive TILs (TIL-CD3+) were quantified using IHC, as
previously reported (9). In brief, after a pathologist (ACB) had
selected tumor-predominant areas, a tissue microarray was
constructed from 2 mm biopsies prior to initiating NCT
treatment. Appropriate controls were included in each array.
Sections measuring 4 um were cut from the tissue microarray,
deparaffinized, rehydrated, and processed by standard methods
using an automated stainer (Autostainer Link 48, Dako, CA,
USA). Secondary antibodies and visualization were performed
using standard Dako Envision systems. All slides were
simultaneously stained to avoid intersection variability. Positivity
for human CD3 was tested using the polyclonal antibody IS503
(Dako, CA, USA).

After two independent observers had verified that staining was
correct, each slide was scanned and digitized using an automated
scanning system (Leica SCN400F). Digital images of pre-NCT
samples were obtained for each tissue core and, after area
quantification, adjusted morphometric analysis of the tumor area
was performed with Image] software (National Institutes of Health,
NIH, USA), including both stromal and intratumoral CD3+ cells.
The results are expressed as TIL count/mm?.

2.5 RNA purification and tumor gene
expression assay

Total RNA from formalin-fixed paraffin-embedded (FFPE)
biopsies was extracted using a RNeasy FFPE kit (QIAGEN, MD,
USA) following the supplier’s instructions. Total RNA from cells
was extracted using RNAzol reagent (MRC Inc, OH, USA) and a
Direct-zol RNA MiniPrep kit (ZYMO Research, CA, USA).

mRNA (with preamplification) was retrotranscribed and
amplified using TaqMan® Gene Expression Assays (Applied
Biosystems, CA, USA) on a LightCycler® 480 real-time PCR
(qQRT-PCR) system (Roche Diagnostics, Switzerland). Relative
expression levels of each gene were calculated and quantified by
2-AACt using ACTB as the endogenous control.

2.6 Statistical analysis

Descriptive analyses of qualitative variables included
proportions. Shapiro-Wilk tests were used to test continuous
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variables for normality. Continuous variables with normal
distribution were presented as means * standard deviations (SD),
whereas non-normally distributed variables were reported as
median and interquartile ranges (IQR). Pearson’s 2 test was
used to compare proportions or ordinal variables. Differences in
means were studied with the Student’s t-test (parametric) or the
Mann-Whitney U test (non-parametric).

Survival analyses of DFS and OS outcome variables were
calculated using the Kaplan-Meier method and log-rank tests.
The predictive impact of the different clinical, biological, and
genomic variables on the outcome variables was ascertained by
uni- and multivariate Cox proportional hazards regression analyses.
To overcome the possibility of collinearity, variables with strong (|r]
> 0.5) or significant (p < 0.05) correlations were excluded. The
predictive capacity of the regression models was appraised using the
Akaike Information Criterion (AIC) index and Likelihood Ratio
Test (LLRT). Biological and genomic variables were analyzed as
continuous quantitative variables, although logarithmic or square

TABLE 1 Patients’ baseline characteristics.

Baseline characteristics

10.3389/fonc.2023.1182725

root transformations of the TILs, AURKA, MYBL2, and MKI67
variables were performed so that the data would comply more
closely with the assumptions of the statistical procedures to be
applied or to enhance interpretability. Assessment of mean
calibration at 10 years was calculated for each model as observed/
expected (O/E) survival ratio.

Statistical analyses were performed with STATA v.16
(StataCorp LLC, TX, USA); R version 4.2.3 and RStudio (version
2023.03.0) was also used for model assessment.

3 Results
3.1 Patients
A total of 121 NCT-treated BC patients were analyzed. Patients’

baseline characteristics are shown in Table 1. Median age was 56
years and most tumors were diagnosed at stage IIB or IITA-C.

N =121 (%)?

Age (median, range) 56 (21-79) years 57 (21-73) years 0.711

Hormonal status

Premenopausal 60 (49.6%) 21 (44.7%) 0.32

Postmenopausal 61 (50.4%) 26 (55.3%)

Clinical stage

A 19 (15.7%) 10 (21.3%) 0.11

1B 34 (28.1%) 14 (29.8%)

1A 40 (33.1%) 10 (21.3%)

1B 8 (6.6%) 2 (4.3%)

1IC 20 (16.5%) 11 (24.3%)

Pathological subtype

Invasive ductal carcinoma 113 (93.4%) 44 (93.6%) 0.98

Invasive lobular carcinoma 5 (4.1%) 2 (4.3%)

Other 3 (2.5%) 1(2.1%)

Histological grade

Grade I 7 (5.8%) 3 (6.5%) 0.66

Grade II 39 (32.2%) 19 (41.3%)

Grade III 61 (50.4%) 22 (47.8%)

Not reported 14 (11.5%) 2 (4.3%)

IHC subtype

HR+/HER2- 61 (50.4%) 24 (51.1%) 0.09

HR+/HER2+ 16 (13.2%) 7 (14.9%)

HR-/HER2+ 13 (10.7%) 9 (19.1%)

TNBC 26 (21.5%) 7 (14.9%)

N/A 5 (4.1%) 0 (0%)

Clinical response

CR/PR 102 (84.3%) 43 (91.5%) 0.16

SD/PD 14 (11.6%) 3 (6.4%)

N/A 5 (4.1%) 1(2.1%)

Breast surgery

(Continued)
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TABLE 1 Continued

Baseline characteristics N =121 (%)* N = 47 (%)° p*
Mastectomy 67 (55.3%) 22 (46.8%) 0.37
Conservative surgery 53 (43.8%) 25 (53.2%)

Nodal surgery

SLN biopsy 17 (14.0%) 10 (21.3%) 0.06
ALND 104 (86.0%) 37 (78.7%)

Radiotherapy

Pre-NCT 0 (0%) 0 (0%) 0.44
Post-NCT 106 (87.6%) 41(87.2%)

Follow-up (median, range) 12.3 years (11.82-12.79) 11.6 years (11.30-11.93) 0.66
10-year DFS (95% CI) 73.3% (64.49-80.99) 78.73% (64.34-89.30) 0.59
10-year OS (95% CI) 75.83% (67.17-83.18) 80.9% (66.74-90.85) 0.64

“Total number of patients included, N = 121.

"Nested cohort for the multivariate analysis, N = 47.

ALND, axillary lymph node dissection; CR, complete response; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IHC, immunohistochemical;
N/A, not available; NCT, neoadjuvant chemotherapy; OS, overall survival; PD, progression disease; PR, partial response; SD, stable disease; SLN, sentinel lymph node; TNBC, triple-negative
breast cancer.

*The p value refers to the result of the comparison between proportions or means of both groups.

Infiltrating ductal carcinoma was the most common histological  statistically significant differences were found, this subgroup was
type and more than half of the tumors were poorly differentiated. ~ representative of the total sample (Table 1).
ICH subtype distribution revealed 63.6% HR+ (13.2% HER2+),
10.7% HER2+/HR- tumors, and 21.5% TNBC.
Neoadjuvant treatment consisted primarily of sequential 3.2 Prognostic significance of clinical,
Adriamycin-cyclophosphamide for four cycles, followed by biological, and genomic factors
docetaxel for four cycles (NSABP-B27 scheme, 80.2%). The pCR
rate was 17% (primary tumor pCR: 20.7%; axillary pCR: 36.4%). We evaluated the prognostic significance of the clinical factors
Median follow-up was 12.3 years, the 10-year DFS rate was 73.33%,  and the various biomarkers selected by Cox regression. NLR, TILs,
and 10-year OS was 75.83%. and genomic markers were analyzed as continuous quantitative
Of the total 121 participants, the full analysis of clinical  variables. Correlation analysis demonstrated association between
variables (HR/HER2 status, response to NCT), immunological ~ genomic markers MKI67, and MYBL2 (Supplementary Table 1).
variables (NLR, TILs), and genomic markers (AURKA, MYBL2,  Notably, there was no correlation between pretreatment NLR and
and MKI67) were available for multivariate analysis in 47 patients ~ TILs in the pretreatment biopsy (|r|= 0.087, p = 0.503).
(Supplementary Figure 1). Since the clinical and pathological In a univariate analysis (Figure 1), pCR (N = 119) was a
characteristics of both groups were comparable and no  protective factor for DFS (HR 0.13, 95% CI 0.02-0.94) and OS

HR 95%Cl P
NLR 1.17 1.05-1.29 0.003 — ——
TIL 0.93 0.86-1.00 0.050 — —0—
AURKA 1.03 1.01-1.04 0.000 — o
DFS$ MYBL2 1.10 1.02-1.19 0.017 — ——
MKI67 1.06 0.99-1.13 0.112 — H—0—
NLR 1.23 1.11-1.36 0.000 — —_—
TIL 0.89 0.81-0.98 0019 — | —mo—
os AURKA 1.02 1.01-1.04 0.001 — L
MYBL2 1.10 1.03-1.18 0.007 — —0—
MKI67 1.07 1.00-1.14 0.050 — —o—

T
1 1.5 2
Hazard ratio (HR)

FIGURE 1
Univariate associations between immune response-related and proliferation markers and disease-free survival and overall survival.
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(HR 0.30, 95% CI 0.07-1.27), albeit falling short of statistical
significance. Results were similar for patients with HR+ and
HER2+, in terms of DFS (HR 0.91, 95% CI 0.46-1.78 and HR
1.15,95% CI 0.56-2.38, respectively) and OS (HR 0.97, 95% CI 0.46-
2.06 and HR 0.76, 95% CI 0.31-1.85, respectively).

The NLR biomarker in peripheral blood (N = 101) was found to
have prognostic implications. Increased NLR was associated with
lower DFS (HR 1.17, 95% CI 1.05-1.29) and OS (HR 1.23, 95% CI
1.11-1.36). At the tumor level, the immunological marker TIL (N =
71) exhibited a statistically significant association in the opposite
direction from NLR. Patients with higher tumor lymphocytic
infiltration had a better prognosis in terms of DFS (HR 0.93, 95%
CI 0.86-1.00) and OS (HR 0.89, 95% CI 0.81-0.98).

Genomic markers for tumor proliferation assessed were AURKA,
MYBL2, and MKI67. AURKA (N = 79) demonstrated a significant
prognostic impact on DFS (HR 1.03, 95% CI 1.01-1.04) and OS (HR
1.02, 95% CI 1.01-1.04). MYBL2 expression (N = 79) also correlated
with lower DFS (HR 1.10, 95% CI 1.02-1.19) and OS (HR 1.10, 95%
CI 1.03-1.18). The proliferation marker MKI67 (N = 79) only
exhibited prognostic significance for OS (HR 1.07, 95% CI 1.00-1.14).

Clinically relevant variables and biomarkers that had previously
exhibited prognostic significance were included to generate
multivariate Cox models. MKI67, that showed significant
correlation with MYBL2, was excluded to prevent collinearity
(Supplementary Table 1). Thus, together with HR/HER2 status
and response to NCT, the NLR, TILs, and AURKA and MYBL2
expression remained as independent prognostic variables for both
DEFES and OS (Table 2).

3.3 Analysis of the prognostic capacity of
the different models

We assessed the predictive performance of the biomarkers
included in the multivariate Cox proportional hazards models
using AIC and LLRT. We consecutively added the immune
response biomarkers, NLR and TILs (model 2), and genomic
markers, AURKA and MYBL2 (model 3), to HR/HER2 status and
NCT response (model 1). For both DFS and OS, we established that

10.3389/fonc.2023.1182725

the consecutive addition of biomarkers generated a progressive
increase in the models’ predictive capacity (Table 3). This was
reflected in a gradual decrease in AIC for both DFS (AIC model 3:
64 vs AIC model 1: 79) and OS (AIC model 3: 58 vs AIC model 1:
70), in addition to differences in LLRT for the different models that
were statistically significant compared to the isolated clinical
parameter (DFS: p < 0.001; OS: p = 0.005). A side-by-side
comparison between this combinatorial model versus prediction
using individual markers, is provided as Supplementary Table 2.
Additionally, the 10 years mean calibration of the OS model also
improved with the addition of proliferation and immune markers,
while it remained virtually unchanged for the DFS models (Figure 2
and Supplementary Table 3).

The predictive value added by the biomarkers was also gauged by
plotting cohort survival as a function of the predictions obtained with
each model. Figure 3 depicts the Kaplan-Meier curves for DFS and
OS obtained with the predictions of pCR and model 3 (pCR, HR and
HER2 status, NLR, TILs, AURKA, and MYBL2), the latter divided
into tertiles. This exploratory analysis showed that the incorporation
of the immunological and proliferation parameters with the clinical
variable (pCR) in model 3 allowed a better stratification of the risk of
events in the cohort analyzed than model 1. In fact, while the log-rank
test indicated no statistically significant differences for model 1, such
differences were statistically significant for model 3, both for DES (p =
0.0014) and OS (p = 0.0054).

4 Discussion

The expanding body of knowledge of the immune response to
BC and the differences between the systemic and microenvironment
response provides opportunities for identifying predictive and
prognostic biomarkers (10, 42). In the challenging context of
neoadjuvant BC treatment, it is likely that several biomarkers will
need to be combined to improve prognostic stratification (39, 43).
Although pCR has been considered a surrogate marker of survival
in early BC patients treated with NCT, in the luminal subtype we
should probably consider additional markers to achieve better
survival prediction. Moreover, the selection of patients who may

TABLE 2 Multivariate analysis of immune response-related and proliferation markers for disease- free survival and overall survival.

Variables DFS 0S
95% ClI 95% Cl

pCR 0.01 0.01-0.78 0.042 0.04 0.01 - 1.61 0.090
HR+ 023 0.04 - 1.16 0.075 0.14 0.03 - 0.81 0.027
HER2+ 0.15 0.14 - 1.74 0.131 025 0.03 - 2.10 0.204
NLR 1.80 112 - 2.88 0.014 137 1.03 - 1.83 0.033
TILs* 0.93 0.83 - 1.05 0.259 0.86 0.75 - 0.98 0.026
AURKA* 1.04 1.00 - 1.08 0.069 1.04 1.00 - 1.09 0.090
MYBL2* 113 1.01 - 1.27 0.037 1.19 1.05 - 1.35 0.007

AURKA, Aurora kinase A; DFS, disease-free survival; HER2+, human epidermal growth factor receptor 2 positive; HR, hazard ratio; HR+, hormone receptors positive; MYBL2, MYB Proto-
Oncogene Like 2; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; pCR, pathological complete response; TILs, tumor-infiltrating lymphocytes; 95% CI, 95% confidence interval.

*Square root transformation of these variables was performed.
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TABLE 3 Predictive capacity following the consecutive addition of biomarkers to clinical variables.

Models DFS
Pt

Model 1 79 2250 <0.001 15.46
pCR + HR/HER?2 status ’ ' '
Model 2
N ;TR L 68 7.04 0.030 ref
Model 3 64 ¢ / /

re: n/a n/a
+AURKA + MYBL2

<0.001 70 20.69 <0.001 10.71 0.005
n/a 64 9.98 0.007 ref n/a
n/a 58 ref n/a n/a n/a

fLikelihood ratio test (LLRT) and p value for comparison of model 3 (reference category) and models 1 and 2 (nested models).

# Likelihood ratio test (LLRT) and p value for comparison of model 2 (reference category) and model 1 (nested model).

AIC, Akaike Information Criterion; AURKA, Aurora kinase A; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NLR, neutrophil-to-
lymphocyte ratio; MYBL2, MYB Proto-Oncogene Like 2; OS, overall survival; pCR, pathological complete response; TILs, tumor-infiltrating lymphocytes; Ref, reference; N/a, not applicable.

gain real benefit from chemotherapy and those who may not is a
pressing issue in the investigation of new therapeutic strategies and
the avoidance of unnecessary chemotherapy side effects.

To explore new combination prognostic biomarkers, we
conducted this study in a cohort of NCT-treated BC patients and
investigated the prognostic implications for both DFS and OS of
immune biomarkers in peripheral blood, such as NLR, and at the
tumor level (TILs), together with genomic proliferation markers
(AURKA, MYBL2, and MKI67) and conventional parameters, and
response to NCT. Integrating all of these factors in a prognostic
model consisting of NLR, TIL, AURKA and MYBL2, as a
complement to HR/HER2 status and response to NCT, displayed
a remarkable capacity to predict relapse and death.

Individually, NLR and TILs reflect systemic and local immune
status, respectively. Specifically, for NLR, the results we obtained in
our cohort were consistent with most of the literature reported to
date. Zhoe et al. confirmed in a recent meta-analysis with 5504 BC
patients treated with NCT that an NLR < 2.3 was predictive of pCR
independently of tumor stage or grade and KI67 expression level
(44). They also identified NLR as a prognostic biomarker, with
patients with higher NLR levels having worse DFS (44). A previous
meta-analysis of 8563 patients reached similar conclusions, with a
large NLR cut-off range (1.9 - 5) and a median of 3 (14). In our

O/E ratio (mean calibration at 10 years)

0.99
0.98
0.97
0.96
0.95
0.94

0.93

Model 1 Model 2 Model 3

W DFS 0s

FIGURE 2
Mean calibration at 10 years. O/E (observed/expected) ratios for
each model are shown, both for OS and DFS.
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study, we evaluated NLR as a continuous quantitative variable, thus
avoiding the selection of an arbitrary or data-driven cut-off point.
To better understand the significance of the NLR, we should
probably investigate the dynamic change of NLR associated with
chemotherapy. It has been reported that a lower NLR after
chemotherapy predicts better pCR (45), while another study
demonstrated that this change could be a predictor of pCR
beyond the third NCT cycle (46). This is consistent with previous
data generated by our group, that evaluated the prognostic value of
peripheral blood lymphocytes and changes associated with NCT in
BC patients (47).

The prognostic implications of TILs were also in line with
earlier works (7, 48). The 12-year follow-up of our series of BC
patients who received NCT is one of the longest published. It is
relevant that in this 12-year study, TILs predict the same good
prognosis as we reported in our 5-year study (9). One strength of
this analysis is that, since there is no valid cut-off point and the
evidence available is extremely heterogeneous, we have evaluated
TILs as a continuous quantitative variable, which is the
recommended approach in these cases (49). The positive response
and outcome of women with greater lymphocyte infiltration could
be, at least in part, due to the activation of the antitumor immune
response during NCT, induced after DNA damage and cell death
(50). A meta-analysis of 18170 BC patients confirmed high TILs as a
predictive and prognostic biomarker in HER2+ and TNBC. In
luminal subtypes, high TILs were correlated with poor prognosis
(51). Unfortunately, our series is small for BC subtype analyses.
Luminal BC is characterized by low TIL infiltration with low HLA
expression, so other immune cells such as tumor associated
macrophages (TAM) could be more relevant than T cells (52) or
even NK cells whose role has not yet been studied in depth in BC. In
this line, it is essential to determine the infiltrating lymphocyte
subtypes in BC (9, 53). The significance of defining the immune-
infiltrating cell type has been studied by an immune risk score
analyses using TGCA and other database genes. A low prognostic
immune risk score with five cell subtypes (B cells, endothelial cells,
macrophages, NK cells, other cells) has been correlated with better
survival in BC (54).

The correlation between NLR and TILs and their combined
predictive capacity for adverse events has yet to be fully elucidated.
Our study confirms the lack of correlation between both variables,
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PLR DFS: 0.0014 - PLR OS: 0.0054.

suggesting that systemic and local immunities respond to different
regulatory mechanisms (55); therefore, combined predictive models
can offer a more comprehensive vision (39).This lack of correlation
is consistent with previously published findings in TNBC and
luminal BC (55-58). In our cohort, not only did both remain as
independent prognostic variables in the multivariate analysis, but
the combination of NLR and TILs improved the prognostic
accuracy over pCR to NCT alone.

Genomics has improved our understanding of BC biology and
revealed four intrinsic molecular subtypes with significant
immunological differences, as previously mentioned (43).
Immune-activated gene subsets, higher expression of proimmune
factors and/or TILs have been associated with chemosensitivity, but
also proliferation has been identified as a key factor in BC (59).
Particularly, in the context of BC patients treated with NCT,
proliferation markers correlate with oncologic progression and
prognosis for the different IHC subtypes (60, 61). Therefore, the
information they provide might complement what we learn from
immunological biomarkers (61, 62). The choice of the optimal
combination of proliferation markers was a difficult decision to
make. Wirapati et al. published a meta-analysis of gene expression
profiles with three gene modules (proliferation, ER signaling and
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ERBB2 amplification) in 2833 breast tumor to better understand
cancer subtyping and prognosis signatures (63). AURKA was
chosen as a proliferation gene based on this study and others
already discussed in the introduction (23, 24, 64). As we
mentioned previously, MYBL2 is one of the proliferation genes
included in Oncotype, PAM50 and MammaPrint tests (19). Finally,
MKI67 was chosen since Ki67 is used in the clinical setting to
identify luminal B cases and the correlation between Ki67 and
MKI67 has been previously established (65). One interesting finding
is the statistically significant association observed between genomic
markers MKI67 and MYBL2. Previous reports have shown that the
expression of MKI67 can be regulated by MYBL2, and this
regulation is not specific to BC (66, 67). In our cohort, we did not
observe a significant correlation between the proliferation markers
AURKA and MYBL2, although previous work have noted a shared
transcription between them (68).

Our study has demonstrated the independent prognostic value
of the combination of systemic and microenvironmental immune
biomarkers (NLR and TILs) with genomic proliferation markers
(AURKA and MYBL2) and classical clinical factors (HR/HER
status, pCR). Compellingly, the addition of proliferation
biomarkers markedly increased the discriminatory capacity of the
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model. The model combining all variables (HR/HER status, pCR,
NLR, TILs, AURKA, and MYBL?2) exhibited the greatest predictive
ability for DFS and OS, both in terms of AIC and statistically
significance (LLRT). To date, the factors associated with response to
NCT have been obtained from clinical, pathological and molecular
analyses. However, the majority of these studies include a limited
sample size, combine data from patients with different therapeutic
strategies and use profiles with isolated variables that fail to capture
the complexity of the tumor ecosystem. As a result, empirical
clinical risk stratification continues to be used for selecting
patients who are candidates for neoadjuvant treatment (69).

Several studies have explored the combination of local immune
biomarkers associated with classical clinical factors such as response to
neoadjuvant treatment (39). In particular, TILs, PD-L1 and genomic
signatures and their combinations have been extensively studied (39,
69). Prat et al. compared the three-gene model (SCMGENE) with
ESRI, ERBB2 and AURKA with that of the PAMS50 test. They
concluded that while both models were able to anticipate patient
outcomes, PAMS50 was the superior model and the only one with
predictive value. This was because PAMS50 reveals biological diversity
better than the three-gene model (70). Interestingly, our results are
consistent with the results obtained using the three-gene model.

In this context, it is important to remark the potential benefit of a
model that combines multiple biomarkers, in which all variable
contribute to provide comprehensive patient information. Such a
novel approach can provide an integrated immuno-genetic-
oncological biomarker for selecting the most accurate therapy
strategy. Furthermore, the available evidence suggest the potential
value of the systematic implementation of combined biomarkers to
improve patient selection and safety (39). To identify the most
appropriate combined model, it is necessary to start exploring some
of the most extensively studied biomarkers, as we have done in our
original research.

Our study has some limitations. First, the method used to quantify
TILs was based on IHC for CD3, which includes both stromal and
intra-tumor lymphocytic infiltration and differs from the currently
accepted method (49). However, our group has previously shown good
correlation for TILs measured by IHC for CD3 with HE-based
assessment of lymphocyte infiltration (9). Second, the use of genomic
markers of proliferation differs from the more recent routine use of
KI67 (71), although genomic signatures of proliferation are the
strongest factor for prognostic stratification in most predictive
genomic tests in early luminal BC (60, 72) and also comprise a key
prognostic marker in non-luminal subtypes (73, 74). Finally, this is a
small, single-center, retrospective cohort, in which it was not possible to
perform subgroup analyses according to tumor subtype with sufficient
statistical power to draw conclusions.

Nonetheless, our series does have a number of strengths that make
it compelling. Besides having one of the longest follow-up published in
literature, it is highly homogeneous with respect to clinical
management, including diagnosis, NCT, and response determination,
which are key to obtain and interpret data within the context of early
BC. NCT, surgery and radiation therapy were performed according to
usual clinical procedures and following current clinical practice
guidelines, which makes treatment bias unlikely for the final
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prognostic model. Furthermore, the inclusion in our model of
clinical classical factors, local immunological factors, such as TILs,
systemic immune status, such as NLR, and two of the most relevant
proliferation markers, is a novel approach in the study of breast cancer
prognosis. These results warrant prospective, multi-centre validation
studies with a larger sample size.

5 Conclusions

In conclusion, our study reveals that combining systemic
immune and proliferation biomarkers with clinical-pathological
markers improved the predictive capacity for DFS and OS
compared to treatment response alone in a cohort of BC patients
treated with NCT. The real benefit and clinical usefulness of these
biomarker-based models should be confirmed in broader series.
The validation of these findings in independent cohorts could
provide a new tool for improving prognostic stratification and
therapeutic management in these patients.
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