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Pretreatment neutrophil-lymphocyte ratio has prognosis value in breast cancer

patients

A relacdo neutrofilo-linfocito pre-tratamento tem valor prognéstico em pacientes com cancer de
mama

La relacion neutrofilos-linfocitos previa al tratamiento tiene valor pronostico en pacientes con

cancer de mama

Received: 06/15/2022 | Reviewed: 06/23/2022 | Accept: 06/25/2022 | Published: 07/06/2022

Sandra Helena Kaznowski da Silva

ORCID: https://orcid.org/0000-0001-8935-1760

José Alencar Gomes da Silva National Cancer Institute, Brazil
E-mail: skaznowski@inca.gov.br

Livia Costa de Oliveira

ORCID: https://orcid.org/0000-0002-5052-1846

José Alencar Gomes da Silva National Cancer Institute, Brazil
E-mail: lillycostaoliveira@gmail.com

Wilza Arantes Ferreira Peres

ORCID: https://orcid.org/0000-0003-0269-5363

Federal University of Rio de Janeiro, Brazil

E-mail: wilza@nutricao.ufrj.br

Emanuelly Varea Maria Wiegert

ORCID: https://orcid.org/0000-0001-5904-5287

José Alencar Gomes da Silva National Cancer Institute, Brazil
E-mail: manuvarea@gmail.com

Rachel Souza Thompson Motta

ORCID: https://orcid.org/0000-0002-7861-8519

José Alencar Gomes da Silva National Cancer Institute, Brazil
E-mail: rmotta@inca.gov.br

Naira Freire da Silva

ORCID: https://orcid.org/0000-0002-7176-1857

José Alencar Gomes da Silva National Cancer Institute, Brazil
E-mail: naira.freire95@gmail.com

Marcia Soares da Mota e Silva Lopes

ORCID: https://orcid.org/0000-0001-5721-3750

Federal University of Rio de Janeiro, Brazil

E-mail: msoares@nutricao.ufrj.br

Abstract

Objectives: This study aimed to determine the prognostic value of the pretreatment inflammatory indexes neutrophil-
lymphocyte ratio, lymphocyte-monocyte ratio, and platelet-lymphocyte ratio in breast cancer. Methods: A
retrospective cohort of patients with breast cancer receiving treatment at a specialized cancer hospital were collected
from 2016. Pretreatment complete blood cell counts were evaluated to assess inflammatory indexes. The outcome
variable was 5-year overall survival. Kaplan-Meier curves, log-rank test, and Cox regression (hazard ratio; 95%
confidence interval) were used. Results: A total of 312 women (mean age 51.9 years; histopathological grade Il
61.6%; tumor stage I11 50.0%) were included in the study. Of these, 169 (54.2%) died within 5 years, the majority of
whom had neutrophil-lymphocyte ratio > 2.5 (62.5%; p= 0.002), histopathological grades Il and Ill (60.4%; p=
0.024), more advanced tumor stages (87.7%; p<0.001), and significantly lower overall survival. Neutrophil-
lymphocyte ratio > 2.5 (hazard ratio, 1.53; 95% CI, 1.11-2.11) was an independent prognostic factor for overall
survival. In addition, histopathological grades Il (hazard ratio, 3.53; 95% confidence interval, 1.29-9.68) and Il stage
(hazard ratio, 2.50; 95% confidence interval, 1.45-4.34) and stage IV (hazard ratio, 6.07; 95% confidence interval,
3.43-10.73) demonstrated predictive power. Conclusion: Pretreatment neutrophil-lymphocyte ratio was considered a
useful predictor of overall survival in breast cancer.

Keywords: Breast cancer; Inflammation; Biomarkers; Prognosis; Survival.

Resumo

Objetivos: Este estudo teve como objetivo determinar o valor progndstico dos indices inflamatérios pré-tratamento

relacdo neutrofilo-linfécito, relagdo linfocito-mondcito e relacdo plaqueta-linfécito no cancer de mama. Métodos:
1
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Uma coorte retrospectiva de pacientes com cancer de mama em tratamento em um hospital especializado em cancer
foi coletada a partir de 2016. Hemogramas completos pré-tratamento foram avaliados para avaliar os indices
inflamatorios. A variavel de desfecho foi a sobrevida global em 5 anos. Curvas de Kaplan-Meier, teste de log-rank e
regressdo de Cox (hazard ratio; intervalo de confianca de 95%) foram usados. Resultados: Um total de 312 mulheres
(idade média de 51,9 anos; grau histopatolégico Il 61,6%; estagio do tumor Il 50,0%) foram incluidas no estudo.
Destes, 169 (54,2%) morreram em 5 anos, a maioria com relagdo neutréfilo-linfocito > 2,5 (62,5%; p= 0,002), graus
histopatolégicos Il e Il (60,4%; p= 0,024), tumores mais avancados (87,7%; p<0,001) e sobrevida global
significativamente menor. Razdo neutrofilos-linfocitos > 2,5 (hazard ratio, 1,53; IC 95%, 1,11-2,11) foi um fator
prognéstico independente para a sobrevida global. Além disso, os graus histopatoldgicos Il (hazard ratio, 3,53;
intervalo de confianca de 95%, 1,29-9,68) e estagio Il (hazard ratio, 2,50; intervalo de confianca de 95%, 1,45-4,34)
e estagio IV (hazard ratio, 6,07; 95% intervalo de confianca, 3,43-10,73) demonstrou poder preditivo. Conclusdo: A
relagéo neutrdfilos-linfécitos pré-tratamento foi considerada um preditor Gtil de sobrevida global no cancer de mama.
Palavras-chave: Cancer de mama; Inflamagdo; Biomarcadores; Progndstico; Sobrevida.

Resumen

Objetivos: Este estudio tuvo como objetivo determinar el valor pronéstico de los indices inflamatorios previos al
tratamiento, la relacién neutrofilos-linfocitos, la relacién linfocitos-monocitos y la relacidn plaquetas-linfocitos en el
cancer de mama. Métodos: Se recopilé una cohorte retrospectiva de pacientes con cancer de mama que recibieron
tratamiento en un hospital oncoldgico especializado a partir de 2016. Se evaluaron los hemogramas completos previos
al tratamiento para evaluar los indices inflamatorios. La variable de resultado fue la supervivencia global a los 5 afios.
Se utilizaron curvas de Kaplan-Meier, log-rank test y regresion de Cox (hazard ratio; intervalo de confianza del 95%).
Resultados: Se incluyeron en el estudio un total de 312 mujeres (edad media 51,9 afios; grado histopatolégico 1l
61,6%; estadio tumoral 111 50,0%). De estos, 169 (54,2%) fallecieron dentro de los 5 afios, la mayoria con cociente
neutréfilo-linfocito > 2,5 (62,5%; p= 0,002), grados histopatolégicos 11 'y 111 (60,4%; p= 0,024), tumor méas avanzado
(87,7%; p<0,001), y una supervivencia global significativamente menor. La relacién neutrofilos-linfocitos > 2,5
(cociente de riesgos instantaneos, 1,53; IC del 95 %, 1,11-2,11) fue un factor prondstico independiente para la
supervivencia global. Ademas, los grados histopatolégicos 11 (razon de riesgo, 3,53; intervalo de confianza del 95 %,
1,29-9,68) y estadio Il (razén de riesgo, 2,50; intervalo de confianza del 95 %, 1,45-4,34) y estadio 1V (razén de
riesgo, 6,07; 95 % intervalo de confianza, 3.43-10.73) demostr6 poder predictivo. Conclusién; la proporcién de
neutréfilos-linfocitos antes del tratamiento se considerd un predictor Util de la supervivencia global en el cancer de
mama.

Palabras clave: Cancer de mama; Inflamacidn; Biomarcadores; Prondstico; Supervivencia.

1. Introduction

The overall survival (OS) of patients with breast cancer is on the rise in developed countries, but demonstrates great
global disparity. Five-year survival rates of 76.9% and 75.2% have been reported for the periods from 2005 to 2009 and 2010
to 2014, respectively (Allemani et al., 2018). Longer OS in breast cancer is primarily related to earlier diagnosis and treatment.
Consequently, lower mortality rates are found in patients diagnosed at the initial stages of the disease (Ethier et al., 2017).

Several clinical, therapeutic, and sociodemographic factors have shown prognostic value in patients with breast cancer
(Ethier et al., 2017; Marin Hernandez et al., 2018; Guo et al., 2019; Wiegert et al., 2020). According to Ayala (2019), the
factors with the greatest prognostic value for these patients are the stage of the disease, the characteristics of the tumor,
treatments received, age, race, and economic status. Nonetheless, the identification of simple and objective prognostic factors
remains a challenge in clinical practice (Geng et al., 2018). In this context, biomarkers of systemic inflammatory response
could be helpful as they are easily tested at low cost.

There is ample evidence of the role of systemic inflammation in tumor progression and metastasis (De Giorgi et al.,
2019; Huszno et al., 2020; Zhang et al., 2020). Accordingly, patients with advanced-stage disease have an increased
inflammatory response caused by increased levels of inflammatory cytokines induced by the solid tumor, as well as the release
of pro-angiogenic factors (Ethier et al., 2017; Duan et al., 2018; Cao et al., 2020; Chen et al., 2020). Neutrophil-lymphocyte
ratio (NLR), platelet-lymphocyte ratio (PLR) and lymphocyte- monocyte ratio (LMR) have been studied as factors associated

with a worse prognosis in several types of tumors, including in the breast (Guo et al., 2019; De Giorgi et al., 2019; Duan et al.,
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2018; Cao et al., 2020; Zhang et al., 2017; Cho et al., 2018; Gago-Dominguez et al., 2020). A point of note is that these
biomarkers can vary considerably in response to anticancer treatment.

In addition, at the present moment, few studies have evaluated the prognostic power of NLR, PLR, and LMR at the
pre-treatment phase of breast cancer. Thus, this study aimed to determine the prognostic value of these inflammatory

pretreatment indexes in patients with breast cancer receiving treatment at a specialized cancer hospital.

2. Methodology
2.1 Study design and patients

This retrospective cohort study was carried out with women with breast cancer treated at a national Brazilian reference
hospital for cancer treatment between February and November 2016. The eligibility criteria were: age > 18 years; diagnosis of
breast cancer confirmed by histopathological analysis; no previous anti-cancer treatment; laboratory data available in
electronic records. The exclusion criteria were: presence of a pre-existing hematological disease; infection, fever, or other
inflammatory diseases prior to treatment; incomplete clinical data.

The original study protocol was approved by the ethics committee Research Ethics Committee of the National Cancer
Institute (CEP-INCA) (CAAE: 51310915.7.0000.5274) and all the participants read and signed an informed consent form.

2.2 Data collection

This study is part of a larger study. For this proposal, the following data, which predated the patients’ cancer treatment,
were extracted from their electronic medical records by one trained researcher: age (years), presence of comorbidities (diabetes
mellitus and systemic arterial hypertension), histopathological type (invasive ductal carcinoma or invasive lobular carcinoma
or others) and histopathological grade (well-differentiated [I] or moderately differentiated [11] or poorly differentiated [I11]) and
tumor stage (early stage [I and 11] or locally advanced [I11] or with distant metastasis [IV]).

In addition, routine laboratory data were collected, including absolute lymphocyte count, absolute neutrophil count,
absolute monocyte count, and platelets. These values were then used to calculate the pretreatment baseline NLR, LMR, and
PLR.

For the present study, the duration of follow-up was calculated from the date of diagnosis to the date of death from any
cause. All the patients who were alive after the end of follow-up (5 years) were censored for the survival analysis. The latest

follow-up of this study was in May 2020.

2.3 Statistical analysis
Statistical analysis was performed using Stata 13.1 (Stata Corp., College Station, Texas, USA). Statistical significance
was set at p < 0.05.

The Kolmogorov-Smirnov test was used to assess the distribution of variables. Continuous numerical variables were
described as means * standard deviation (SD) or medians with interquartile range (IQR, 25th and 75th percentiles), according
to distribution and normality. Categorical variables were described as absolute frequencies (n) and relative frequencies (%).
Proportions were compared using the chi-squared test, means were compared using Student’s t-test, and medians were
compared using the corresponding non-parametric test, the Mann-Whitney U test.

Biomarker values were expressed as percentiles (1st, 5th, 10th, 15th, 25th, 50th, 75th, 90th, 95th, and 99th), and their
medians were compared against death within 5 years. A receiver-operating characteristic curve (ROC) was constructed to
determine the optimal NLR cutoff points related to death within 5 years (the only inflammatory index with a statistically

significant association with death according to the Mann-Whitney U test).
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All the variables for which p < 0.20 in the analyses of the comparisons between groups (Mann-Whitney U tests,
Student’s t test, and chi-square test) were selected for the survival analyses. Kaplan-Meier curves and the log-rank test were
used to verify the difference in survival probability between the groups. Additionally, the Cox proportional hazards model was
used, taking the hazard ratio (HR) and its respective 95% confidence interval (Cl) as the effect measure. The stepwise selection
method was used, in which variables with p values < 0.05 in the bivariate regression models were included in the final model.

3. Results
A total of 312 patients were included in this study. All the patients were female, with a mean age of 51.9 (x 12.7)
years and a predominance of tumor stage I11 (50.0%). One hundred and sixty-nine (54.2%) of them died within 5 years, the

majority of whom had histopathological grade 11 (p = 0.030) and tumor stage IV (p <0.001) (Table 1).

Table 1. Demographic and clinical characteristics of women with breast cancer according to the occurrence of death within
5 years (n = 312).

Death within 5 years

Total

Variables N (%) No Yes p-value
n =143 (45.8%) n =169 (54,2%)

Age (years)? 51.9 (12.7) 50.6 (13.2) 53.0 (12.2) 0.125
Age < 60 years®
Yes 235 (75.3%) 107 (45.5%) 128 (54.5%) 0.852
No 77 (24.7%) 36 (46.7%) 41 (53.3%)
Histological type ®
IDC 274 (87.8%) 127 (46.3%) 147 (53.7%) 0.603
ILC 23 (7.4%) 11 (47.8%) 12 (52.2%)
Others 15 (4.8%) 5 (33.3%) 10 (66.7%)
Histological grade®
1 16 (5.4%) 12 (75.0%) 4 (25.0%) 0.030
2 183 (61.6%) 84 (45.9%) 99 (54.1%)
3 98 (33.0%) 38 (39.6%) 60 (60.4%)
Histopathological grade®
I+ 57 (23.4%) 41 (71.9%) 16 (28.1%) <0.001
i 122 (50.0%) 53 (43.4%) 69 (56.6%)
v 65 (26.6%) 8 (12.3%) 57 (87.7%)
SAHP
No 169(54.2%) 80 (47.3%) 89 (52.7%) 0.562
Yes 143(45.8%) 63 (44.1%) 80 (55.9%)
DMP
No 251 (80.4%) 114 (45.4%) 134 (54.6%) 0.765
Yes 61 (19.6%) 29 (47.5%) 32 (52.5%)

Note: n = number of observations; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; SAH = systemic arterial
hypertension; DM = diabetes mellitus.

@Mean (standard deviation)/Student's t-test);

bNumber of observations (frequency) / Chi-square test for proportions;

“Variables with missing data;

P-values in bold indicate statistical significance (< 0.050). Source: Authors.
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The median NRL was 2.1 (IQR, 1.6-3.2) and was significantly higher in the patients who died (p = 0.049), while the
LMR, and PLR showed no statistically significant difference (Table 2). According to the ROC analysis, the optimal cutoff
point for NLR was > 2.5 for 5-year mortality (area under the ROC, 0.56 [95% ClI, 0.49, 0.62]) (Figure 1).

Table 2. Percentile description of laboratory markers in women with breast cancer (n = 312).

Total Death within 5 years  p-value?
Variables P1 P5 P10 P25 P50 P75 P90 P95 P99 No Yes

n=143 n=169

(45,8%)  (54,2%)
NLR 0.8 1.0 11 1.6 21 3.2 55 7.0 16.9 2.0 2.2 0.049
PLR 430 622 76.0 94.0 1232 181.0 266.4 298.5 598.2 11.9 12.9 0.079
LMR 0.9 15 2.0 2.9 39 5.2 6.5 7.6 10.7 3.9 3.8 0.245
Neutrophil (mmLA) 1774 2321 2815 3556 4699 6096 8216 10026 16220 4361 4766 0.188
Lymphocyte (mmL/) 74 311 464 794 1221 1701 2383 2854 3708 1/250 1208 0.094
Monocyte (mmL/3) 185 290 338 451 541 682 844 960 1260 539 542 0.535
Platelet (mmL/3) 1240 167000 187000 218000 266000 324000 392000 484000 636000 263000 273000  0.392

00

Leukocyte (mmL/3) 4110 4800 5130 6400 7805 9595 11900 13700 18000 7700 7920 0.668

Note: n = number of observations; P = percentile; NLR = neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio; LMR = lymphocyte-

monocyte ratio; Hb = hemoglobin

ap-value refers to the Mann-Whitney U test for differences in medians between groups.

P-values in bold indicate statistical significance (< 0.050). Source: Authors.

Figure 1: Receiver-operating characteristic curve-to-neutrophil-lymphocyte ratio as a predictor of death in 5 years in breast

cancer patients.
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The median OS was 52 (IQR, 22-60) months. Patients with NLR < 2.5 had a median OS of 60 (IQR, 28-60) months,
while those whose NLR > 2.5 had a median OS of 35 (IQR, 14-60) months (p = 0.002). In addition, the patients with higher
histopathological grades (p = 0.024) and more advanced tumor stage (p < 0.001) had significantly shorter OS (Table 3 and

Figure 2).
Table 3: Overall survival (OS) of women with breast cancer (n = 312).
(ON]
Variables _
Events (%) Median /IQR (months) p-value?
NLR >2.5
No 49.0 60 (28-60) 0.002
Yes 62.5 35 (14-60)
Histological grade
1 25.0 60 (53-60) 0.024
2 54.1 53 (26-60)
3 60.4 40 (17-60)
Histopathological grade
I+11 28.1 60 (55-60) <0.001
" 56.6 46 (22-60)
v 87.7 22 (10-42)

Note: 11Q = interquartile range; NLR = neutrophil-lymphocyte ratio
ap-value refers to the log-rank test for differences in median survival between groups.
p-values in bold indicate statistical significance (< 0.050). Source: Authors.
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Figure 2: Survival curves of patients with breast cancer according to (A) histopathological grade, (B) tumor stage, and (C)
NLR.
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Note: NLR = neutrophil-lymphocyte ratio.
“p-value refers to log-rank test. Source: Authors.

The multivariate Cox regression model demonstrated that NRL > 2.5 (HR, 1.53; 95% CI, 1.11, 2.11) was an
independent prognostic factor for 5-year mortality, as were histopathological grades Il (HR, 3.53; 95% ClI, 1.29, 9.68) and 111
(HR, 2.50; 95% ClI, 1.45-4.34) and tumor stage IV (HR, 6.07; 95% ClI, 3.43-10.73) (Table 4).

Table 4: Predictors of 5-year overall survival (OS) in women with breast cancer (n = 312).

Gross Adjusted
Variables
HR (95% ClI) p-value* HR (95% ClI) p-value*

Histological grade

1 1.00 1.00

2 2.68 (0.99-7.29) 0.053 3.53(1.29-9.68) 0.014

3 3.44 (1.25-9.48) 0.017 4.15 (1.49-11.52) 0.006
Histopathological grade

I+l 1.00 1.00

I 2.54 (1.47-4.39) 0.001 2.50 (1.45-4.34) 0.001

v 6.09 (3.48-10.67) <0.001 6.07 (3.43-10.73) <0.001
NLR >2.5

No 1.00 1.00

Yes 1.62 (1.20-2.20) 0.002 1.53 (1.11-2.11) 0.009

Note: Cl = confidence interval; HR = hazard ratio; NLR = neutrophil-lymphocyte ratio
Bold characters indicate significant differences (< 0.050).
*p-value refers to Cox regression. Source: Authors.
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4. Discussion

In this study, female pretreatment breast cancer patients at a specialized cancer hospital were studied retrospectively.
The results indicate that NRL is an independent prognostic factor for this group, alongside recognized prognostic factors such
as higher histological grade and more advanced tumor stage. The final regression model confirms the independent predictive
power of each of these three variables (eg, NLR can be considered a prognostic factor independent of the patient's clinical
staging). These findings highlight indicate that NRL — a simple and objective factor — can help to identify women with a worse
prognosis before they start their cancer treatment trajectory, enabling the design of a supportive care plan.

More than half of the patients evaluated died within five years of follow-up. Among them, there were higher
proportions of patients with histopathological grade 3 and clinical tumor stage 1V, in addition to high NRL. Allemani (2018)
demonstrated that the probability of 5-year survival in women with breast cancer was greater than 90.0% among North
American and Australian women and 40.0% among South African women. This could be explained by the fact that in low-
income countries, more than 60% of women are only diagnosed when the disease has reached an advanced stage (tumor stages
Il and 1V) (Jedy-Agba et al., 2018). In developed countries such as the United States, only 6% of women have evidence of
distant metastasis at the time of (DeSantis et al., 2019).

Our results corroborate the study by Hofelmann (2014) carried out with 170 Brazilian women with breast cancer,
which demonstrated that the risk of mortality (HR, 17.1; 95% ClI, 2.17, 135.05) was higher in the patients at stages Ill and IV.
Another study with data from a cohort of 269 women with breast cancer in French Guiana reported that the presence of distant
metastases was associated with an increased risk of death (HR, 20.78; 95% CI, 7.72, 55.89) (Roué et al., 2016). Regarding
histological grade, the more undifferentiated the cells, the more distant their characteristics are from normal ones. Thus, grades
2 and 3 are considered worse prognostic factors (Rakha et al., 2008; Singh et al., 2018). The results of Ayala (2019) showed
that in 471 women with breast cancer, the presence of lymphatic invasion, increased age, and advanced stage of the disease
were predictors of a worse prognosis. In the study conducted by Freitas Janior (2017), the factors that associated with the worst
prognosis were axillary lymph nodes, histological grade, progesterone receptor, positive HER 2, cancer stage, and disease
extension.

In addition to recognized prognostic factors such as tumor stage and histological grade, our results show NRL to be a
significant prognostic marker. Several studies in the literature have addressed inflammation and cytokine production in
different types and stages of cancer. Neutrophils are responsible for inflammatory and immune response and influence tumor
development, progression, and metastasis through factors such as neutrophil elastase, matrix metalloproteinase - 9 (MMP - 9),
nuclear factor - kB (NF - kB), vascular endothelial growth factor (VEGF), and interleukin-8 (IL-8) (Chen et al., 2020).
However, neutropenia can also be the result of elevated granulopoiesis and therefore may not be an adverse sign for cancer
progression. However, evidence of the harmful effect of circulating neutrophils and elevated NLR on prognosis and survival in
several types of tumors, with the exception of gastric cancer, seems consistent in the literature (Gago-Dominguez et al., 2020).

Our results showed that patients with LNR < 2.5 survived almost twice as long as others with a significantly higher
risk of death within 5 years. One explanation could be the fact that systemic inflammatory response is associated with the
progression and severity of the disease and therefore a worse prognosis (Shalapour & Karin, 2015).

Divergent cutoff points have been reported in the literature (Zhang et al., 2020). In a meta-analysis conducted by Wei
(2016) with preoperative patients, which included 12 studies, the high cutoff for NRL associated with OS ranged from 2 to 4.
In a study by Wariss (2017) with 2374 female patients in pre-treatment, the NRL cutoff point for OS was > 5.00 (HR, 1.66; CI
95%, 1.08, 2. 55; p = 0.021). This is greater than the cutoff points described in other meta-analyses.

Ethier (2017) based on the results of a meta-analysis with 15 studies totaling 8,563 breast cancer patients, found that

most of the selected articles (n =13) considered a cutoff point of > 3.0 for NRL (HR, 2.56; 95% CI, 1.96, 3.35) for analyses of
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0S, and > 2.5 (n = 10) for analyses of disease-free survival. According to the meta-analysis conducted by Duan (2018) of 20
studies, with a total of 9,837 patients in the preoperative period, high NRL value (cutoff points from 2 to 3.3) was associated
with an increased risk of mortality (HR, 2.45; 95% ClI, 1.69, 3.54, p = < 0.001). In a study by Cho (2018), the optimal cutoff
point for NRL in 661 breast cancer patients was > 1.3 (AUC, 0.58; sensitivity, 80.6; specificity 36.7), while De Giorgi (2019)
found NRL > 3.0 (AUC, 0.58; sensitivity, 53.6; specificity, 59.8) to be the optimal cutoff in a study of 516 patients with breast
cancer. In another meta-analysis with 14,264 breast cancer patients, the NRL cutoff points ranged from 1.35 to 3.0 (HR, 1.78;
95% Cl, 1.49, 2.13) (Guo et al., 2019).

In a study by Cao (2020) with 906 preoperative, pretreatment breast cancer patients, the NRL cutoff point was > 2.2
(AUC, 0.829; 95% CI, 0.792, 0.866; sensitivity, 95.4%; specificity, 61.7%). In a study by Kim (2020) of 533 pretreatment
breast cancer patients, the NRL cutoff point was > 1.82 for overall survival (AUC, 0.601; 95% CI, 0.520, 0.681; sensitivity,
64.2%; specificity, 52.1%), in contrast to several studies, demonstrating that NRL after initial treatment better reflects
prognosis than NRL at time of diagnosis.

Some of these values differ from those found in our study, which can be explained by the intrinsic variability between
the populations studied, histological types and stages, and systemic and individual responses. However, it is worth
emphasizing that the accuracy of these studies is similar to that of our results, which makes us reflect on whether values lower
than NRL 3 may be more appropriate for assessing survival in these patients.

Some limitations of this study include its retrospective and cross-sectional nature, not permitting the evaluation of
variations of NRL over time. Future research is needed to determine whether the prognosis varies after this period. Also, the

sample size did not allow the sample to be stratified into subgroups, as found in some studies in the literature.

5. Conclusion

Our results corroborate those of various studies, finding that in addition to recognized prognostic factors such as
histological grade and tumor stage, NRL is a useful prognostic indicator for breast cancer. Few studies have been published,
particularly based on data from middle-income countries, on NLR as a predictive and/or prognostic factor in the pretreatment
phase of breast cancer.
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