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Purpose: We explored the relationship between platelet count to lymphocyte count ratio (PLR), monocyte count to lymphocyte count 
ratio (MLR), lactate dehydrogenase to albumin ratio (LAR), and long-term survival in patients with breast cancer.
Patients and Methods: We retrospectively analyzed the clinical and follow-up data of 134 patients with breast cancer. The receiver 
operating characteristic curve (ROC curve) was used to distinguish between the low and high ratio groups. The chi-square test or 
Fisher’s exact test was used to calculate the differences among the investigation factors. The Kaplan–Meier method was used to draw 
the survival curves. Log rank test was used for univariate analysis, and Cox proportional hazards regression model was used for 
multivariate analysis. A P value of <0.05 was considered statistically significant.
Results: The median follow-up time was 45 months. The PFS rates in the low group (LAR≤3.4066) at 18 months, 24 months, and 36 
months were 100%, 100%, and 97.6%, and those in the high group (LAR > 3.4066) were 97.7%, 94.3%, and 87.3%, respectively. LAR 
was associated with Age (P=0.002) and BMI (body mass index) (P=0.002). Univariate analysis showed that Tumor size (P=0.027), 
Node positivity (P<0.001), TNM (tumor-node-metastasis) stage (P<0.001), PLR (P=0.034), MLR (P=0.038), and LAR (P=0.035) were 
significantly associated with PFS (progression-free survival) in breast cancer patients. Multivariate analysis showed that Node 
positivity (P<0.001) and LAR (P=0.035) were associated with PFS, while PLR and MLR were not independent prognostic indicators.
Conclusion: Preoperative high LAR will be an independent predictor of prognosis in patients with breast cancer.
Keywords: breast cancer, prognosis, lactate dehydrogenase, albumin, platelet count to lymphocyte count ratio, monocyte count to 
lymphocyte count ratio, lactate dehydrogenase to albumin ratio

Introduction
Breast cancer is the most common malignant tumor in women worldwide.1 Similarly, epidemiological data shows that it 
ranks first in the incidence of tumors among Chinese female population.2 With increasing rate of breast cancer incidence, 
mortality is also increasing year by year in China.3 Traditional prognostic variables including the age of the patients, 
TNM (tumor-node metastasis) staging, histological grade, estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (c-erbB2 or HER2) status are essential means to determine the prognosis of breast 
cancer patients.4 In the last few years, tumor-based gene expression profiling provided great promise in predicting breast 
cancer outcome.5 However, it is well known that survival time differs even for patients with the same disease stage and 
the same pathogenic type at the time of diagnosis. The prognosis of breast cancer patients is not only related to the 
characteristics of tumor but also related to the body’s response. Individualized assessment is needed to improve the 
prediction of patient’s prognosis.
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Presently, it is widely accepted that a patient’s immune status and inflammatory response are associated with their 
therapeutic reaction and tumor prognosis.6 Since blood is minimally invasive and easily accessible, inflammatory 
markers might have an impact on the prognosis of patients with operable breast cancer.7 Therefore, we consider 
it meaningful to identify biochemical indicators and combine them to analyze their effect on an individual’s clinical 
outcome.

In a wide variety of tumor prognosis studies, several systemic inflammatory biomarkers including platelet count to 
lymphocyte count ratio (PLR), monocyte count to lymphocyte ratio (MLR), lactate dehydrogenase (LDH) to albumin 
ratio (LAR) are commonly used to reflect inflammatory reaction and immune response.8–10 PLR and MLR have been 
proven to influence the prognosis and survival of breast cancer, but whether they can be independent prognostic factors 
remains controversial.11,12 In addition, LDH, which has been reported as an important prognostic indicator in different 
cancer species, is a noteworthy enzyme and has good predictive power for the prognosis of breast cancer.7 Albumin 
(ALB), which indicates nutritional status, also reflects a good prognosis.7 Previous research has shown that the value of 
LAR is associated with the prognosis of colon cancer.13 But until now, no studies have shown the prognosis value of 
LAR in breast cancer.

Therefore, we retrospectively analyzed the relationship between progression-free survival (PFS) and preoperative 
PLR, MLR, and LAR in 134 patients with breast cancer to find out the best independent prognostic factors.

Materials and Methods
Study Design
This study studied 134 Xanthous female breast cancer patients recently diagnosed with non-metastatic invasive mammary 
carcinoma. All of them were pathologically diagnosed with primary breast cancer and received their first surgical treatment at 
Affiliated Hospital of Jiangnan University between April 2017 and September 2018. Patients with known inflammation or 
infections prior to surgery were excluded from this study. No other factors such as age, pathological features, and follow-up 
treatments have these recruitment restrictions. This research complies with the Declaration of Helsinki and was approved by 
the Medical Ethics Committee of the Affiliated Hospital of Jiangnan University (JNMS01202100129). All data are 
anonymous and aggregated, so the requirements for informed consent are waived.

Data Acquisition
Clinical and pathological data were abstracted from the patients’ clinical data and pathological reports. Body mass index 
(BMI) was categorized into <18.5, 18.5, ~23.9, and >23.9.14 Cancer stage (including tumor size, axillary lymph node 
positivity, and TNM) was evaluated for each patient, according to the eighth edition of the American Joint Committee on 
Cancer (AJCC) staging manual.15 Serum biochemical examination including laboratory test data (lymphocytes, platelets, 
monocytes, lactic acid dehydrogenase, and albumin) was performed at the baseline follow-up before surgery. The follow- 
up information was derived from outpatient reviews and telephone interviews. The primary endpoint of this study was 
PFS, defined as the time from postoperative pathological diagnosis until medical imaging indicated distant metastasis or 
death.16

Statistical Analysis
The cutoff values of PLR, MLR, and LAR were calculated using R software. The Youden index was calculated using 
receiver operating characteristic (ROC) curve with disease progression or death as endpoint. SPSS 26.0 software was 
used for statistical analysis. Chi-square test or Fisher’s exact test was used to calculate the differences among the 
investigation factors. In survival analysis, Kaplan–Meier method was used to draw the survival curve. Log rank test was 
used for univariate analysis, and the Cox proportional hazards regression model was used for multivariate analysis. 
A P value of <0.05 was considered statistically significant.
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Results
The Best Cutoff Determination of PLR, MLR, and LAR
The area under the curve (AUC) of PLR, MLR, and LAR were 0.573, 0.729, and 0.709, respectively. Their optimal cutoff 
values were 110.6667, 0.2632, and 3.4066, respectively. The optimal sensitivity and specificity were 94.1% and 38.5% 
for PLR, 80.7% and 54.3% for MLR, and 94.1% and 38.5% for LAR (Figure 1).

Patient Characteristics
This study involved 134 Xanthous female patients newly diagnosed with non-metastatic invasive breast cancer, all of 
whom were admitted for surgical treatment initially. The median age of all patients was 51 years (range: 27–77 years). 
All primary tumor histological types were invasive ductal carcinoma. Two (1.5%) patients were underweight, 74 (55.2%) 
were in normal weight, and 58 (43.3%) were overweight, respectively. According to AJCC classification, 42 patients 
(31.3%) were diagnosed in stage I, 67 (50.0%) in stage II, and 25 (18.7%) in stage III, respectively. In terms of tumor 
size, 63 patients (47.0%) were T1, 67 patients (50.0%) were T2 and 4 patients (3.0%) were T3. Axillary lymph nodes 
were negative in 81 patients (60.5%), 1–3 positive in 28 patients (20.9%), 4–9 positive in 16 patients (11.9%), and ≥10 
positive in 9 patients (6.7%), respectively. ER status was positive in 93 patients (69.4%) and negative in 41 patients 
(30.6%). About 73 patients (54.5%) had positive PR status and 61 patients (45.5%) had negative PR status. As for Her-2 
status, 49 (36.6%) was positive and 85 (63.4%) negative. Table 1 shows the association of clinical pathological 
characteristics with LAR. LAR was associated with Age (P=0.002) and BMI (P=0.002). However, it was not statistically 
significant in correlation with other clinical pathological characteristics.

Survival Analysis and Prognosis of Breast Cancer Patients
The median follow-up period for the patients was 45 months. According to the best critical value, patients were divided 
into a high fraction group and a low fraction group. The PFS rates in the low group (LAR≤3.4066) at 18 months, 24 
months, and 36 months were 100%, 100%, and 97.6%, and those in the high group (LAR > 3.4066) were 97.7%, 94.3%, 
and 87.3%, respectively.

Univariate analysis showed that Tumor size (P=0.027), Node positivity (P<0.001), TNM stage (P<0.001), PLR 
(P=0.034), MLR (P=0.038), and LAR (P=0.035) were significantly associated with PFS in patients with breast cancer 
(Table 2). There was a negative correlation between PFS and LAR, and PFS of high LAR group was lower than that of 
low LAR group. To better evaluate prognostic factors, Cox multiple regression model was used to analyze the relation-
ship between PFS and Tumor size, Node positivity, TNM stage, PLR, MLR, LAR. The results showed that Node 
positivity (P<0.001) and LAR (P=0.035) in patients with breast cancer were associated with PFS (Table 2, Figure 2).

Figure 1 Best cutoff values of preoperative PLR, MLR, and LAR of 134 breast cancer patients. (A) Best cutoff of PLR; (B) Best cutoff of MLR; (C) Best cutoff of LAR. 
Abbreviation: AUC, area under the curve.
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Discussion
In this study, PLR, MLR, and LAR values representing the immune status and inflammatory response were compared to 
determine the prognosis of patients with breast cancer. PFS of patients with high LAR was significantly lower than those 
with low LAR. In addition, LAR was negatively associated with PFS in patients with breast cancer according to 
a multivariate analysis. LAR is a repeatable, widely used, and inexpensive laboratory hematological index, which has 
become an important research object in cancer research.17,18 LAR is composed of two vital substances, LDH and 
albumin. LDH plays a pivotal role in converting pyruvate to lactate when oxygen is undersupplyed or deficient in the 
course of cell metabolism.19 Hypoxia in the tumor microenvironment results in high LDH levels.20 LDH is associated 
with a number of activities, including metabolic activity, tissue injury, inflammation, and neoplasm. Many studies have 

Table 1 Clinicopathological Characteristics of 134 Patients with Breast Cancer

Variables Total LDH-to-Albumin Ratio P-value

≤3.4066 >3.4066

Patients 134 (100) 46 (34.3) 88 (65.7)

Age (yr) 0.002
≤51 66 (49.3) 31 (67.4) 35 (39.8)

> 51 68 (50.7) 15 (32.6) 53 (60.2)

BMI 0.002
<18.5 2 (1.5) 2 (4.3) 0 (0)

18.5~23.9 74 (55.2) 32 (69.6) 42 (47.7)

>23.9 58 (43.3) 12 (26.1) 46 (52.3)
ER 0.413

Negative 41 (30.6) 12 (26.1) 29 (33.0)

Positive 93 (69.4) 34 (73.9) 59 (67.0)
PR 0.071

Negative 61 (45.5) 16 (34.8) 45 (51.1)

Positive 73 (54.5) 30 (65.2) 43 (48.9)
Her-2 0.756

Negative 85 (63.4) 30 (65.2) 55 (62.5)

Positive 49 (36.6) 16 (34.8) 33 (37.5)
Tumor size 0.179

≤2cm 63 (47.0) 22 (47.8) 41 (46.6)

>2cm, ≤5cm 67 (50.0) 24 (52.2) 43 (48.9)
>5cm 4(3.0) 0(0) 4(4.5)

Node positivity 0.497

0 81 (60.5) 27 (58.7) 54 (61.4)
1–3 28 (20.9) 9 (19.6) 19 (21.6)

4–9 16 (11.9) 8 (17.4) 8 (9.1)
≥10 9 (6.7) 2 (4.3) 7 (7.9)

TNM stage 0.976

I 42 (31.3) 14 (30.4) 28 (31.8)
II 67 (50.0) 23 (50.0) 44 (50)

III 25 (18.7) 9 (19.6) 16 (18.2)

PLR 0.219
≤110.6667 88 (65.7) 27 (58.7) 61 (69.3)

>110.6667 46 (34.3) 19 (41.3) 27 (30.7)

MLR 0.071
≤0.2632 73 (54.5) 30 (65.2) 43 (48.9)

>0.2632 61 (45.5) 16 (34.8) 45 (51.1)

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth 
factor receptor 2; TNM, tumor-node-metastasis; PLR, platelet count to lymphocyte count ratio; MLR, monocyte count to 
lymphocyte count ratio.
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indicated that serum LDH is an effective index that could be used to evaluate tumor activity and forecast therapeutic 
effect and prognosis.21,22 It has been reported that high serum LDH levels are a prognostic indicator for poor survival in 
numerous tumor types.23 Xiaoan Liu et al7 found that higher LDH levels predict the higher risks of tumor metastasis in 
breast cancer. Serum albumin, a major protein in blood, is an efficient index for evaluating nutritional status.24 Due to 
mal-nutrition and systemic inflammatory response, serum albumin level fall drastically in advanced cancer patients.25 

Pretreatment serum albumin has been utilized as a predictor to evaluate disease progression, the severity of disease and 
prognosis.26 It has been reported that lower blood serum albumin level is an independent affecting factor of worse 
survival in breast cancer regardless of stages.7 Therefore, LAR can be used as an indicator for the comprehensive 
assessment of tumor burden, nutritional status, and systemic inflammation in patients. Cumulative studies have shown 
that the value of LAR is associated with early diagnosis, prognosis evaluation, and recurrence prediction of tumors, 
which can be an independent poor-prognostic factor, including nasopharyngeal carcinoma, gastric carcinoma, colon 
carcinoma, and liver carcinoma.8,13,27,28 However, the prognostic value of LAR in breast cancer has not been reported yet 
so far. To our knowledge, the current study is the first to investigate the prognostic value of LAR in patients with breast 

Table 2 Analysis of Prognosis Factors in 134 Breast Cancer Patients by Univariate and 
Multivariate Analysis

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (yr) 1.047 (0.404–2.713) 0.925
BMI. 2.428 (0.910–6.476) 0.076

ER 0.808 (0.299–2.186) 0.674

PR 0.566 (0.215–1.487) 0.248
Her-2 1.621 (0.625–4.205) 0.320

Tumor size 2.151 (1.103–4.196) 0.027

Node positivity 2.447 (1.600–3.743) <0.001 2.368 (1.551–3.614) <0.001
TNM stage 4.183 (1.912–9.150) <0.001

PLR 0.112 (0.015–0.844) 0.034 0.159 (0.021–1.220) 0.077

MLR 3.011 (1.061–8.546) 0.038
LAR 8.780 (1.164–66.213) 0.035 8.434 (1.114–63.876) 0.039

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth factor receptor 2; TNM, 
tumor-node-metastasis; PLR, platelet count to lymphocyte count ratio; MLR, monocyte count to lymphocyte count ratio; LAR, 
lactate dehydrogenase count to albumin count ratio.

Figure 2 PFS curve of preoperative LAR and Node stage of 134 breast cancer patients. (A) LAR for PFS; (B) Node positivity for PFS.
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cancer. The findings of this study suggest that preoperative LAR high values (LAR>3.4066) may be used as an 
independent indicator of poor prognosis in patients with breast cancer.

In this study, in univariate analysis, PLR and MLR values were associated with PFS in patients with breast cancer. 
However, in multivariate analysis, they were not correlated with PFS. Platelets play a major role in stimulating 
vasculogenic mimicry and metastasis of tumor cells.29 Lymphocytes, which can inhibit tumor cell proliferation and 
metastasis, have a major role in cancer immune surveillance.30 Azab et al31 showed that breast cancer patients with 
elevated lymphocyte counts had an improved survival than those with lower lymphocyte counts. Monocytes, as 
inflammatory biomarkers, have emerged as important regulators of cancer development and progression.32 PLR, the 
ratio of platelet count to lymphocyte count, has been investigated as a prognostic factor in several cancer entities. 
Jarroudi et al33 found that the elevated level of PLR was correlated with worse DFS (disease free survival) and OS 
(overall survival) in non-metastatic inflammatory breast cancer. Krenn-Pilko et al34 stated that an advanced preoperative 
PLR level appeared to have a significant effect on OS and Cancer-specific survival (CSS) in patients with non-metastatic 
breast cancer, whereas only univariable analysis presented a noticeable impact of increased PLR level on distant 
metastasis-free survival (DMFS). Azab et al31 stated that higher PLR indicated a trend of higher mortality only in 
patients with normal lymphocyte count. The findings of this study were in favor of the view of Krenn-Pilko et al34 

partially, as the data suggested that PLR value was connected with PFS in patients with breast cancer in univariate 
analysis. The author speculated that this might be in connection with the small sample size selected by the single-center 
study. MLR, the ratio of monocytes to lymphocytes, is also regarded as a prognostic indicator in a variety of tumors. Li 
et al10 found that MLR was not only an independent prognostic factor but also a dangerous factor for recurrence in stage 
IIB cervical cancer. In breast cancer, Hua et al35 stated that MLR, combined with neutrophil–lymphocyte ratio (NLR), 
albumin-alkaline phosphatase ratio (AAPR), and prognostic nutritional index (PNI), which is called inflammatory 
nutritional prognostic score (INPS), is an independent prognostic factor of OS in women with early mammary cancer. 
Şahin et al36 found that in univariate analysis, MLR value was significantly associated with new accessorial chemother-
apy response in breast cancer patients. However, multivariate analysis revealed an insignificant correlation. In this study, 
MLR can also be considered to be associated with tumor prognosis, but it is not an independent indicator.

In the survival analysis, data showed that Node positivity was significantly associated with PFS, while Tumor size 
and TNM were not directly associated with prognosis. In the eighth edition of the TNM classification published by the 
AJCC, tumor size, lymph node status, and distant metastasis are closely associated with survival.37 The author 
speculated that this outcome would be correlated with the small sample size, so stratified analysis cannot be performed. 
We investigated the correlation between clinical pathological characteristics and LAR value in breast cancer patients 
and found that BMI and age were associated with LAR. BMI is a nutrition monitoring index, while LAR itself can 
better represent the nutritional status of the whole body, so this is in line with forecast. Salive et al38 found that a 10- 
year age increment was associated with 0.8 g/l lower serum albumin and odds ratio of 1.56 for hypoalbuminemia after 
adjusting for demographic factors and health status. However, there were no reports which have shown that age is 
associated with LDH so far. Therefore, the results in our study that age were associated with LAR are consistent with 
previous report.

This study has several limitations. First of all, this study was only a single-center study, and the sample size (134 
cases) may not be sufficient to fully reflect the status of breast cancer patients. Secondly, it is short of follow-up time and 
lacks OS. Median follow-up time was 45 months and most postoperative breast cancer patients often confront the first 
peak time of recurrence before 36 months.39 The OS rate continues to increase due to the diversification of treatment 
methods for advanced breast tumors. Meanwhile, due to the credible and complete quantitative data on PFS, the value of 
LAR for the prognosis of breast cancer patients is compelling and sufficient, especially for those who may suffer the first 
recurrent peak. Thirdly, this is a retrospective study and has some certain inherent limitations. Last but not least, LAR 
was only evaluated in time prior to surgery at a single point. However, dynamic changes in LAR may have a more 
significant effect on patients throughout their tumor treatment, which we did not evaluate.
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Conclusion
In summary, the data from this study indicate that LAR will be used as an independent prognostic indicator to affect the 
prognosis of breast cancer patients. LAR may therefore be a useful biomarker in breast cancer evaluation to guide 
appropriate treatment, adjust follow-up intervals, and improve prognosis.
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