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Purpose: Systemic inflammatory cell ratio, neutrophil–lymphocyte ratio (NLR), platelet– 
lymphocyte ratio (PLR), and lymphocyte–monocyte ratio (LMR) are used as prognostic 
indicators for several types of tumors. The purpose of this study was to evaluate the 
predictive value of inflammatory markers for pathological response and prognosis in breast 
cancer patients receiving neoadjuvant chemotherapy (NAC).
Methods: In this study, we collected data of 203 breast cancer patients who underwent 
surgery after receiving standard neoadjuvant therapy. The effects of NLR, PLR, and LMR on 
the disease-free survival (DFS) of patients with breast cancer were analyzed by χ2 test and 
Cox regression analyses.
Results: We found that 27 of the 203 patients (13.3%) had local or distant metastases. The 
peripheral blood NLR, PLR, and LMR areas under the curve (AUC) were 0.674 (0.555–
0.793), 0.630 (0.508–0.753), and 0.773 (0.673–0.874), respectively. The optimal cutoff 
values were 3.0, 135, and 6.2, respectively. Univariate and multivariate analyses revealed 
that LMR was related to the pathological complete response (pCR) rates and breast cancer 
DFS (P < 0.05). Among all patients, those with low LMR, HER-2 positive, and lymph node 
status (N2–3) demonstrated poor DFS.
Conclusion: Our study thus demonstrated that LMR can act as a potential marker for 
predicting the efficacy and prognosis of patients with breast cancer.
Keywords: breast cancer, platelet-lymphocyte ratio, neutrophil–lymphocyte ratio, 
lymphocyte–monocyte ratio, disease-free survival

Introduction
Breast cancer is presently the most-threatening disease affecting women’s health1 

with unclear comprehension on postoperative recurrence and distant metastasis, 
thereby warranting urgent research focus. Neoadjuvant chemotherapy is 
a commonly used treatment approach for the treatment of breast cancer patients. 
The pathological complete response (pCR) of neoadjuvant chemotherapy is asso
ciated with longer disease-free survival (DFS) and overall survival of patients.2 

Although there are a variety of treatment methods available for breast cancer 
treatment with the continuous development of new drugs, some breast cancer 
patients continue to experience recurrence and metastasis,3 which seriously affects 
their quality of life. Therefore, there is an urgent need for biomarkers that can 
predict the treatment outcomes and patient survival so as to facilitate the identifica
tion of patients who are most likely to benefit from the treatment.
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Past researches have demonstrated that inflammation 
affects all stages of tumorigenesis.4 Inflammation pro
motes the occurrence and development of a tumor, and 
the tumor provides conditions encouraging the persistence 
of inflammation, which complements each other.5,6 

Altered inflammation hence not only promotes the occur
rence and development of tumor but also promotes tumor 
metastasis.7,8 The neutrophil–lymphocyte ratio (NLR), 
platelet–lymphocyte ratio (PLR), and lymphocyte–mono
cyte ratio (LMR) are important indicators of the inflam
matory response exerted during the prognosis of colorectal 
cancer, gastric cancer, lung cancer, and other malignant 
tumors.9–11

PLR is an independent predictor of breast cancer. The 
clinical prognostic effect of elevated PLR is better than 
that of NLR and LMR.12 Some past studies also assert 
that NLR has a better predictive efficiency.13 In a study 
on breast cancer patients conducted in Spain, high LMR 
and low NLR were found to be associated with a lower 
risk of recurrence.14 In a study conducted in South 
Korea, LMR indicated the potential to strongly predict 
DFS and OS in breast cancer.15 Considering the ease of 
measurement and reproducibility of NLR, LMR, and 
PLR, they have been increasingly studied as an indepen
dent factor in the survival of breast cancer patients. 
However, the importance of these indicators to determine 
the effect of breast cancer treatment and the associated 
prognostic value remains controversial. Therefore, we 
aimed to verify the relationship among PLR, NLR, and 
LMR as well as the effect of neoadjuvant chemotherapy 
and DFS on breast cancer so as to screen more valuable 
predictors.

In this study, the clinical and follow-up data of 203 
breast cancer patients were analyzed to investigate the 
value of peripheral blood NLR, PLR, and LMR in predict
ing postoperative recurrence of breast cancer and to pro
vide appropriate references for clinical applicability.

Materials and Methods
Study Subjects
Patients with breast cancer (confirmed by pathology) at the 
Henan Cancer Hospital during March 2017-December 
2018 were included in this analysis. The basic patient 
demographics, pathological information, and prognosis 
information were collected for processing.

A total of 203 female patients (aged: 27–71 years) with 
complete clinicopathological data and those who had 

completed neoadjuvant therapy at our hospital were 
included in the analyses.

All patients were followed-up regularly after the sur
gery. We calculated the DFS of the patients from the time 
of surgery to the time of disease relapse or the last follow- 
up. All patients were recorded to be alive at the last 
follow-up.

Inclusion and Exclusion Criteria
Entry Criteria
(1) all patients were confirmed diagnosed with invasive 
breast cancer via hollow needle biopsy. The levels of 
estrogen receptor (ER), progesterone receptor (PR), and 
human epidermal growth factor receptor 2 (HER-2) were 
all determined by immunohistochemistry. (2) The clinical 
stage of the disease was stage II–III breast cancer. The size 
of the tumor was confirmed by color Doppler ultrasound 
or magnetic resonance imaging (MRI), and the status of 
axillary lymph nodes was found to be positive or suspi
ciously positive by hollow needle biopsy. The clinical 
tumor-node-metastasis (cTNM) cancer staging system 
was performed with reference to the 7th edition of the 
American Joint Committee on Cancer (AJCC). (3) The 
complete follow-up data were recorded for all enrolled 
patients. (4) No serious cardiopulmonary diseases, hema
tological diseases, and contraindications to chemotherapy 
were recorded for any patients.

Exclusion Criteria
Patients with advanced breast cancer, other systemic dis
eases that could not tolerate chemotherapy, inflammatory 
breast cancer, and other malignant tumors were excluded.

After completing the standard neoadjuvant therapy, all 
patients underwent surgery, postoperative sequential radio
therapy, or endocrine therapy according to their specific 
condition.

Information Collection and Follow-Up
The cell counts of platelets, neutrophils, lymphocytes, and 
monocytes in the blood samples of all study patients were 
enumerated and judged by a professional laboratorian in 
the laboratory department of our center.

The clinical data of the patients were collected, includ
ing age, surgery date, menstrual status, treatment solu
tions, family history, tumor size, lymph node metastasis, 
molecular classification, radiotherapy or not, recurrence 
time, recurrence site, as well as preoperative blood routine 
results (such as the counts of platelet, neutrophils, and 
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lymphocytes). Finally, the values of NLR, PLR, and LNR 
were calculated.

The receiver operating characteristic (ROC) curve was 
plotted for the raw NLR, PLR, and LMR data, and the area 
under the curve (AUC) was calculated. The Jordan index 
was calculated according to the sensitivity and specificity, 
and the point with the largest AUC was selected as the 
demarcation point. The expression level of NLR, PLR, and 
LMR was defined as per the optimal cut-off point value.

Statistical Analysis
The Statistical Product and Service Solutions (SPSS) 22.0 
was used for statistical analysis. The correlation between 
the NLR, PLR, and LMR values and the clinical data was 
analyzed by χ2 test. The different levels of NLR, PLR, and 
LMR in the two groups were determined by T-test (Figure 
1). Univariate analysis of factors associated with recur
rence and metastasis was evaluated by Chi-square test. 
Independent risk factors affecting prognosis were analyzed 
by multivariate Cox regression. The Kaplan–Meier survi
val curve was used to reflect the effects of different levels 
of NLR, PLR, and LMR on survival.

Results
Patient Baseline Characteristics
After strict adherence to the inclusion and exclusion cri
teria, a total of 203 breast cancer patients were included in 
the analysis, and 71.9% (n =146) of them were diagnosed 
while being premenopausal. All patients were female of an 
average age of 46.59 ± 9.39 years. Postoperative local or 
distant metastasis occurred in 27 patients (13.3%). The 

median follow-up time of the disease was 31 months 
(range: 1–39 months).

Based on the expression of ER, PR, and HER2, 98 
cases (48.3%) were identified to be luminal, 63 (31.0%) as 
HER2 positive, and 42 (20.7%) as triple-negative breast 
cancer (TNBC). The average values of the NLR, PLR, and 
LMR were 2.26 ± 0.08, 144.79 ± 4.14, and 8.11 ± 0.30, 
respectively.

Correlation Between NLR, PLR, and LMR 
Values and the Corresponding 
Clinicopathological Data
We categorized the patients into 2 groups. The first group 
included patients who had local or distant organ metastasis 
after the operation (the recurrence group). The second 
group included patients who had no episodes of relapse 
as of the last follow-up (the non-recurrence group).

The levels of NLR and PLR in the non-recurrent group 
were found to be significantly lower than those in the 
recurrent group (P < 0.05), and the level of LMR in the 
non-recurrent group was significantly higher than that in 
the recurrent group (P < 0.001) (Figure 1).

Considering the lack of an exact boundary value of NLR, 
PLR, and LMR in clinics, we used the ROC curve to 
determine the boundary value of the largest area. The 
AUC of NLR, PLR, and LMR were 0.674 (0.555–0.793), 
0.630 (0.508–0.753) and 0.773 (0.673–0.874), respectively 
(Table 1). The optimal cutoff value was found to be 3.0 for 
the NLR (sensitivity = 48.1%, specificity = 86.4%), and 
135.0 for the PLR (sensitivity =37.0%, specificity = 
85.2%), and 6.2 for the LMR (sensitivity = 70.4%, specifi
city = 76.1%) (Figure 2). Based on their respective cutoff 

Figure 1 The levels of NLR, PLR, and LMR in the non-recurrent and recurrent groups. (A, B) The levels of NLR and PLR in the recurrent group were significantly higher 
than those in the non-recurrent group (P < 0.05). (C) The level of LMP in the recurrent group was significantly lower than that in the non-recurrent group (P < 0.05).
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values, 33 (16.3%) patients showed high NLR, 103 (50.7%) 
showed high PLR, and 134 (66.0%) showed high LMR.

The analysis of the clinicopathological data revealed 
that high PLR and low LMR were significantly correlated 
with the lymph node metastasis, low LMR level was also 
significantly correlated with the clinical T stage (Table 2).

Correlations Among NLR, PLR, and LMR 
Values and pCR
In order to explore the relationship between the inflamma
tory factors and the sensitivity of chemotherapy, we 
further analyzed the correlation between inflammatory 
factors and pCR after neoadjuvant chemotherapy. 
Overall, pCR was defined as the absence of tumor cells 
in the breast (breast pCR) and the axillary lymph nodes 
(axillary pCR) after neoadjuvant chemotherapy. The 
results of the study revealed that the levels of LMR were 
significantly related to the axillary pCR and overall pCR in 
the neoadjuvant chemotherapy patients. Neoadjuvant che
motherapy patients with low LMR showed higher pCR 
rates and better chemotherapy outcomes (Table 3).

Low LMR Indicated Poor Prognosis in 
NAC Breast Cancer Patients
During a median follow-up of 31 months (range: 1–39 
months), 27 patients (13.3%) showed local or distant 
metastasis. First, we performed a single-factor analysis to 
filter the statistically significant variables. In univariate 
analysis, we tested the clinicopathological parameters 
related to DFS as variables, including the age, menstrual 
status, family history, T-stage, lymph node metastasis, 
breast cancer subtypes, radiotherapy, and inflammation 
markers NLR, PLR, and LMR. Univariate analysis 
revealed that the age, NLR, PLR, LMR, clinical T-stage, 
HER-2, overall pCR and lymph node metastasis were the 
factors affecting the prognosis of breast cancer (Table 4). 
The Kaplan–Meier survival curve indicated that the prog
nosis of breast cancer patients with different levels of 
NLR, PLR, and LMR is significantly different (Figure 3).

The inclusion of the variables of univariate analysis 
(P<0.05) into the Cox regression model revealed that 
LMR, Her-2 and lymph node metastasis acted as indepen
dent prognostic factors for the DFS.

Table 1 The Optimal Cut-Off Values Based on Disease-Free Survival (DFS)

Peripheral Blood Index Mean Value Minimum Value Maximum Value Cut-Off Value AUC

NLR 2.26 0.29 11.90 3.0 0.67
PLR 144.79 47.49 395.05 135 0.63

LMR 8.11 2.17 48.0 6.2 0.77

Neutrophil (x109) 4.04 0.38 17.13 3.75 0.58
Lymphocyte (x109) 1.92 0.80 3.60 1.84 0.67

Platelet (x109) 258.82 101.0 558.0 259.0 0.49

Monocyte (x109) 0.27 0.03 0.60 0.25 0.62

Figure 2 The ROC curves of NLR, PLR, and LMR. (A) The optimal cutoff value was 3.0 for the NLR (sensitivity 48.1%, specificity 86.4%, AUC 0.674). (B) The optimal cutoff 
value was 135.0 for the PLR (sensitivity 37.0%, specificity 85.2%, AUC 0.630). (C) The optimal cutoff value was 6.2 for the LMR (sensitivity 70.4%, specificity 76.1%, AUC 
0.773).
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Our cumulative results indicated that the patients with low 
LMR (mean DFS: 31.2 vs 38.1 months; HR: 5.660, P = 0.001), 
Her-2 positive (mean DFS: 33.8 vs 36.7 months; HR: 2.594, 
P = 0.025), and lymph node metastasis N2–3 (mean DFS: 32.5 
vs 38.1 months; HR: 4.930, P = 0.004) have poor DFS 
(Table 4).

Discussion
There has been a total of approximately 2.1 million newly 
diagnosed cases of breast cancer in 2018 across the 

world.16 Breast cancer has become a common tumor that 
seriously endangers women’s physical and mental health 
as well as their life.17 Postoperative recurrence and metas
tasis of breast cancer is one of the important causes of 
death. Screening early scientific and effective predictors of 
breast cancer patients play an extremely important role in 
reducing the postoperative recurrence and metastasis and 
thereby in improving the survival rate.

In-depth analysis of tumor indicated that inflammatory 
cells play an important role in tumorigenesis and 

Table 2 Baseline Characteristics of the Patients According to the NLR, PLR and LMR

Characteristics Total NLR≤3 NLR>3 P value PLR≤135 PLR>135 P value LMR≤6.2 LMR>6.2 P value

N (%) N (%) N (%) N (%) N (%) N (%)

170 (83.7) 33 (16.3) 100 (49.3) 103 (50.7) 69 (34.0) 134 (66.0)

Age (years) 0.249 0.201 0.801

≤35 22 21 (95.5) 1 (4.5) 9 (40.9) 13 (59.1) 7 (31.8) 15 (68.2)

36~55 142 118 (83.1) 24 (16.9) 67 (47.2) 75 (52.8) 47 (33.1) 95 (66.9)

>55 39 31 (79.5) 8 (20.5) 24 (61.5) 15 (38.5) 15 (38.5) 24 (61.5)

Menopausal status 0.592 0.031 0.434

Premenopausal 146 121 (82.9) 25 (17.1) 65 (44.5) 81 (55.5) 52 (35.6) 94 (64.4)

Postmenopausal 57 49 (86.0) 8 (14.0) 35 (61.4) 22 (38.6) 17 (29.8) 40 (70.2)

Family history 0.859 0.327 0.864

No 192 161 (83.9) 31 (16.1) 93 (48.4) 99 (51.6) 65 (33.9) 127 (66.1)

Yes 11 9 (81.8) 2 (18.2) 7 (63.6) 4 (36.4) 4 (36.4) 7 (63.6)

Clinical T stage 0.653 0.530 0.019

T1~2 142 120 (84.5) 22 (15.5) 72 (50.7) 70 (49.3) 41 (28.9) 101 (71.1)

T3~4 61 50 (82.0) 11 (18.0) 28 (45.9) 33 (54.1) 28 (45.9) 33 (54.1)

Lymph node metastasis 0.068 0.014 0.005

N0~1 127 111 (87.4) 16 (12.6) 71 (55.9) 56 (44.1) 34 (26.8) 93 (73.2)

N2~3 76 59 (77.6) 17 (22.4) 29 (38.2) 47 (61.8) 35 (46.1) 41 (53.9)

ER status 0.517 0.862 0.345

Negative 82 67 (81.7) 15 (18.3) 41 (50.0) 41 (50.0) 31 (37.8) 51 (62.2)

Positive 121 103 (85.1) 18 (14.9) 59 (48.8) 62 (51.2) 38 (31.4) 83 (68.6)

PR status 0.871 0.812 0.823

Negative 89 73 (82.0) 16 (18.0) 43 (48.3) 46 (51.7) 31 (34.8) 58 (65.2)

Positive 114 97 (85.1) 17 (14.9) 57 (50.0) 57 (50.0) 38 (33.3) 76 (66.7)

HER2 status 0.470 0.132 0.274

Negative 140 119 (85.0) 21 (15.0) 64 (45.7) 76 (54.3) 51 (36.4) 89 (63.6)

Positive 63 51 (81.0) 12 (19.0) 36 (57.1) 27 (42.9) 18 (28.6) 45 (71.4)

KI-67 0.859 0.346 0.255

≤14% 11 9 (81.8) 2 (18.2) 4 (36.4) 7 (63.6) 2 (18.2) 9 (81.8)

>14% 192 161 (83.9) 31 (16.1) 96 (50.0) 96 (50.0) 67 (34.9) 125 (65.1)

Subtype 0.547 0.415 0.534

Luminal 98 85 (86.7) 13 (13.3) 43 (43.8) 55 (56.2) 32 (32.6) 66 (67.4)

HER2+ 63 51 (80.9) 12 (19.1) 36 (57.1) 27 (42.9) 19 (30.2) 44 (69.8)

TNBC 42 34 (81.0) 8 (19.0) 21 (50.0) 21 (50.0) 18 (42.9) 24 (57.1)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; NLR, neutrophil–lymphocyte ratio; PLR, platelet– 
lymphocyte ratio; LMR, lymphocyte–monocyte ratio.
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prognosis; especially, specific responses of the body to 
inflammation affect the prognosis of the cancer 
patients.18 The greater the malignant degree of the tumor, 
the more serious is the necrosis and disintegration of the 
surrounding tissues and the more obvious is the non- 
specific inflammatory reaction. Notably, the inflammatory 
mediators can destroy the stability of the normal intracel
lular environment, which leads to abnormal cell prolifera
tion and further cell deterioration. The relationship among 
the ratio of the number of neutrophils, platelets, and mono
cytes in the peripheral blood cells and the prognosis of 
tumor patients has been studied in several cancers.19 For 
instance, NLR, PLR, and LMR are all markers related to 
inflammation that have been reported in relation to tumor 
and infection. Most of these markers have been widely 
used as clinical predictors of different diseases.20–22

In this study, we demonstrated the clinical values of 
NLR, PLR, and LMR in predicting the prognosis of breast 
cancer. Univariate analysis revealed that the levels of these 
3 markers were significantly correlated with the DFS. 
However, after multivariate adjustment, low LMR was 
found to be independent inflammatory markers associated 
with poor DFS, albeit NLR and PLR showed no significant 
correlation with disease prognosis.

NLR is a common index that reflects the level of 
inflammation and immunity, and it has been studied in 
several types of tumors. The increase of the NLR level 
indicates a decrease in the lymphocyte level or an increase 
in the neutrophil count relative to that in normal patients. 
NLR has been proven to be closely associated with the 
prognosis of tumor patients, with higher PLR suggesting 
poor prognosis in lung cancer,11 ovarian cancer,23 color
ectal cancer,9,24 osteosarcoma25 and gastric cancer.10 Some 

studies have been conducted on the clinical significance of 
PLR and NLR in the prognosis of breast cancer.12,26–30

A past study reported that high PLR levels are sugges
tive of a poor prognosis only in people with normal lym
phocyte count, while NLR is an independent predictor of 
5-year survival in all populations. The prediction effect of 
NLR was found to be better than that of PLR29 The 
prognostic value of NLR reported by another study sug
gested that NLR is a prognostic indicator for patients with 
TNBC.28 However, the reports of different studies on this 
aspect are inconsistent. PLR is an independent predictor of 
breast cancer. The clinical prognostic effect of PLR is 
better than that of NLR and LMR.12 In this study, the 
level of NLR in patients with postoperative recurrence 
and metastasis was higher than that in patients with no 
recurrence and metastasis, and the average survival time of 
patients with a high level of NLR was shorter (mean 
survival duration: 30.9 vs. 36.8 months). However, after 
further multivariate correction, NLR was not found to be 
an independent prognostic factor for DFS of breast cancer. 
Some of the differences in these reports may be attributed 
to the differences in the applied inclusion criteria, the races 
of the study population, and the study design.

An in-depth analysis of the peripheral blood cells 
revealed that platelets not only play an important role in 
the process of hemostasis but that they also play a certain 
role in the prognosis of malignant tumors and inflamma
tory diseases. Tumor cells can promote platelet prolifera
tion, while platelets can provide raw materials for 
angiogenic factors, which are beneficial to the migration 
of intravascular tumor cells.31,32 Past studies have shown 
that PLR is closely related to the survival outcome of 
patients with colorectal cancer, gastric cancer, and liver 

Table 3 Analysis of the Correlation Between Inflammatory Factors and pCR

Characteristics Total Overall pCR χ2 P Breast pCR χ2 P Axillary pCR χ2 P

No Yes No Yes No Yes

NLR 203 165 (81.3) 38 (18.7) 0.330 0.566 149(73.4) 54 (26.6) 0.586 0.444 132 (65.0) 71 (35.0) 0.033 0.855

≤3 170 137 (80.6) 33 (19.4) 123 (72.4%) 47(27.6) 111(65.3) 59(34.7)

>3 33 28 (84.8) 5 (15.2) 26(78.8) 7(21.2) 21 (63.6) 12(36.4)

PLR 0.010 0.920 0.016 0.899 0.001 0.994

≤135 100 81 (81.0) 19 (19.0) 73 (73.0) 27(27.0) 65(65.0) 36 (35.0)

>135 103 84 (81.6) 19 (18.4) 76(73.8) 27 (26.2) 67 (65.0) 36 (35.0)

LMR 5.341 0.021 0.787 0.375 4.552 0.033

≤6.2 69 50 (72.5) 19 (27.5) 48(69.6) 21(30.4) 38(55.1) 31 (44.9)

>6.2 134 115 (85.8) 19 (14.2) 101(75.4) 33(24.6) 94(70.1) 40 (29.9)

Abbreviation: pCR, pathological complete response.
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Table 4 Prognostic Factors for Postoperative Disease-Free Survival in Breast Cancer

Characteristics Total Non-Recurrent n(%) Recurrent n(%) Univariate Analysis Multivariate Analysis

χ2 P HR 95% CI P

Age(years) 203 176 27 6.611 0.037 - - 0.251

≤35 22 19(86.4) 3(13.6)

36–55 142 128(90.1) 14(9.9)

>55 39 29(74.4) 10(25.6)

Menopausal status at diagnosis 0.426 0.514

Premenopausal 146 128(87.7) 18(12.3)

Postmenopausal 57 48(84.2) 9(15.8)

Family history 1.784 0.182

No 192 165(85.9) 27(14.1)

Yes 11 11(100.0) 0(0.0)

NLR 13.714 <0.001 1.436 0.540~3.821 0.469

≤3 170 154(90.6) 16(9.4)

>3 33 22(66.7) 11(33.3)

PLR 4.802 0.028 0.667 0.233~1.905 0.449

≤135 100 92(92.0) 8(8.0)

>135 103 84(81.6) 19(18.4)

LMR 26.613 <0.001 5.660 1.988~16.110 0.001

≤6.2 69 48(69.6) 21(30.4)

>6.2 134 128(95.5) 6(4.5)

Clinical T stage 16.050 <0.001 1.787 0.688~4.640 0.233

T1~2 142 132(93.0) 10(7.0)

T3~4 61 44(72.1) 17(27.9)

Lymph node metastasis 25.792 <0.001 4.930 1.661~14.634 0.004

N0~1 127 122(96.1) 5(3.9)

N2~3 76 54(71.1) 22(28.9)

Radiotherapy 0.098 0.754

No 26 22(84.6) 4(15.4)

Yes 177 154(75.8) 23(24.2)

ER 1.698 0.193

Negative 82 68(82.9) 14(17.1)

Positive 121 108(89.3) 13(10.7)

PR 0.235 0.628

Negative 89 76(85.4) 13(14.6)

Positive 114 100(87.7) 14(12.3)

HER2 4.261 0.039 2.594 1.129~5.960 0.025

Negative 140 126(90.0) 14(10.0)

Positive 63 50(79.4) 13(20.6)

KI-67 1.784 0.182

<14% 11 11(100) 0(0)

≥14% 192 165(85.9) 27(14.1)

Overall pCR 4.615 0.032 0.065 0.018~1.127 0.065

No 165 139(84.2) 26(15.8)

Yes 38 37(97.4) 1(2.6)
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cancer.10,24,33 High levels of PLR were associated with 
a relative increase in the count of platelets and a relative 
decrease in the count of lymphocytes. Therefore, the non- 
specific inflammatory response induced by malignant 
tumor is expected to increase the platelet count and lym
phocytopenia in patients, promote tumor development, 
and, eventually, contribute to the poor prognosis of 
tumor patients. The abovementioned clinical studies 
reported that PLR is a significant prognostic index with 
a good prospect of clinical application.34 Our results also 
verify the prognostic value of PLR. Despite no significant 
correlation found between PLR and lymph node metastasis 
or tumor size in our study, PLR showed a statistical dif
ference in the survival analysis. Multivariate analysis 
revealed that PLR was not a prognostic indicator of DFS 
in neoadjuvant chemotherapy patients. This result is some
what different from those of some previous studies, 
although the significance of PLR cannot be denied. The 
result obtained may be related to the nature of our enrolled 
population and the sample size.27,35

Low LMR is often used as an indicator of poor prog
nosis in several types of tumors.22,36,37 Lymphocytes are 
the basic immune factors for the host to resist all types of 
malignant tumors. Lymphocytes can infiltrate into the 
tumor microenvironment and express various factors, 
such as tumor-infiltrating lymphocytes, thereby affecting 
and destroying the proliferation and metastasis of tumor 
cells. They also play a role in immune protection.38 In 
addition, monocytes can differentiate into tumor- 
associated macrophages and become the main component 
of the tumor microenvironment,39 while tumor-associated 
macrophages possess immunosuppressive effect and can 

promote angiogenesis around the tumor, tumor spread, and 
metastasis.40 Therefore, the level of LMR, which is 
a combined indicator of lymphocytes and monocytes, can 
be considered as a potential prognostic marker. In this 
study, the level of LMR in the non-recurrence group was 
found to be significantly higher than that in the recurrence 
group. The results of multivariate Cox regression analysis 
revealed that the LMR value affected the DFS of breast 
cancer, indicating that patients with low LMR have a poor 
prognosis (mean survival duration: 31.2 vs 38.1 months; 
HR = 5.660, P= 0.001).

There are some limitations of our study. For instance, 
data were collected from a single center, overall survival 
data were lacking, the follow-up time was short, and the 
relative sample size was small, among others. 
Furthermore, the count of inflammatory cells in the per
ipheral blood may be affected by the patient’s physical 
status, drug regime, diet, and other inflammatory factors. 
Thus, further analyses of relevant retrospective studies and 
large-scale prospective studies are warranted to verify the 
preliminary results of our study.

We believe that the examination of the relationship 
among peripheral blood inflammatory markers and tumor 
recurrence and metastasis would be helpful to further 
understand the mechanisms involved in breast cancer 
metastasis so as to provide a reliable theoretical basis in 
our search for valuable biomarkers.

In summary, the preoperative levels of LMR in the 
peripheral blood are significantly correlated with the DFS 
of patients with breast cancer. Low levels of LMR may 
indicate a higher probability of recurrence and metastasis 
in breast cancer patients. Thus, it is recommended that 

Figure 3 Kaplan–Meier analyses for disease-free survival (DFS) of all 203 patients. (A, B) An elevated neutrophil–lymphocyte ratio (NLR) and platelet–lymphocyte ratio 
(PLR) indicating poor DFS following surgical resection. (C) A low lymphocyte–monocyte ratio (LMR) indicating poor DFS.
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postoperative adjuvant therapy be actively improved and 
relevant indicating factors be monitored and reexamined 
regularly. LMR is an indicator of the peripheral blood, 
which is convenient, economical, simple, and reliable to 
apply in a clinical setting. They are expected to provide 
a new method for predicting the prognosis of patients with 
breast cancer and thereby yielding certain guiding value 
for clinical treatment and prognosis.

Conclusion
The recurrence and metastasis of breast cancer remain 
a clinical issue that needs to be resolved urgently, which 
necessitates the establishment of meaningful and valuable 
predictors. In our research, we systematically analyzed the 
prognostic value of inflammatory cell markers in breast 
cancer patients. Our results revealed that low LMR indi
cated poor prognosis. Although NLR and PLR are not 
prognostic indicators of DFS in multivariate analysis, the 
values of NLR and PLR were higher in the recurrence and 
metastasis groups and related to the tumor size, suggesting 
that NLR and PLR have certain clinical significance. In 
general, LMR is a better prognostic marker than NLR and 
PLR in predicting the prognosis of breast cancer. Thus, we 
believe that the use of LMR as a prognostic marker would 
be both economical and convenient for breast cancer 
patients.
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AUC, area under curve; 95% CI, 95% confidence interval; 
DFS, disease-free survival; OS, overall survival; NLR, 
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Solutions.
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