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Abstract

Inflammation has been shown to be a factor in tumorigenesis. The circulating platelet to lympho-
cyte ratio (PLR) is a representative index of systemic inflammation. In this study, we analyzed the
association between preoperative PLR levels and clinicopathological variables in two hundred
sixty-four Japanese patients with localized breast carcinoma. We also evaluated the prognostic
significance of preoperative PLR levels using the Cox proportional hazard model. Seventy-five pa-
tients (28.4%) had elevated PLR values, whereas 189 (71.6%) had depressed PLR values. The PLR
correlated significantly with venous invasion (P < 0.05). Disease-free survival rates were signifi-
cantly worse among patients with elevated PLR values than among those with lower PLR value
(5-year survival, 81.6% vs. 90.7%, respectively; P < 0.05). In multivariate analysis, elevated PLR,
nuclear grade, and lymph node involvement were significant prognostic factors for disease-free
survival in patients with breast carcinoma (P < 0.05). Preoperative PLR levels may be an inde-
pendent prognostic factor in patients with breast carcinoma.
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1. Introduction

Breast cancer is the most frequently diagnosed malignancy and one of the leading causes of cancer-related mor-
tality in women world-wide, including Japan [1] [2]. Several factors, such as age, tumor size, histological grade,
and nodal involvement, have been identified as unfavorable clinicopathological prognostic factors in breast
cancer patients [3]. Additionally, molecular diagnostic tests that predict prognosis, such as Oncotype Dx,
Mammaprint, and the Amsterdam 70 gene signature, may be used to obtain additional prognostic and/or predic-
tive information. However, the high cost, lack of standardization, and regional availability of these gene expres-
sion-based tests limit their application in routine clinical practice [4]; moreover, the Japanese National Health
Insurance does not support the routine evaluation for breast cancer using these kits. Therefore, routine peripheral
blood-based parameters that can be obtained with fewer drawbacks would potentially be of benefit for improv-
ing patients’ individualized risk assessment.

Tumor progression and metastasis arise from a cascade of steps that promote the interaction between the tu-
mor and the host-derived stromal microenvironment. Inflammation can enhance tumor growth, invasion, and
eventually metastasis [5]. In breast cancer patients, elevated inflammatory markers that are usually measured by
peripheral blood-derived inflammation-based parameters, such as serum amyloid A and interleukin (IL)-6, have
been shown to be associated with reduced survival [6] [7].

Platelets play an important and multifaceted role in cancer progression. For example, an elevated pretreatment
platelet count has been associated with poor survival in colorectal cancer patients [8]. Lymphocytes also play a
major role in cancer immune-surveillance, which suppresses tumor maturation [9]. An elevated lymphocyte
count has been associated with significantly prolonged overall survival in patients with myeloma and colorectal
cancer [10] [11]. Accumulating evidence suggests that a high PLR might constitute an independent adverse
prognostic factor in esophageal [12], ovarian [13], and colorectal cancers [14]. However, data regarding the
prognostic significance of the PLR in breast cancer are sparse [15].

The purpose of our study was to evaluate the effect of the preoperative PLR on disease-free survival of loca-
lized breast cancer patients in order to determine its prognostic significance.

2. Patients and Methods

A total of 399 patients with histologically confirmed breast cancer who underwent surgery at the Beppu Medical
Center between February 2007 and December 2014 were included in this retrospective study. Sixty-nine of the
399 patients were excluded from our analysis, because of distant metastases at initial presentation (n = 8), car-
cinoma in situ (n = 41), bilateral breast carcinoma (n = 15), and male breast carcinoma (n = 5). Among the re-
maining 330 patients, those with comorbidities that affected serum PLR levels, including infection (n = 1), col-
lagen disease (n = 1), and liver cirrhosis (n = 7), were excluded to avoid potential bias. Those with lacking PLR
data (n = 38) or their entire set of pathological data (n = 18) were excluded. Finally, 264 localized breast cancer
patients with a median age of 62.6 (range: 28 - 90) years at the time of diagnosis were eligible for the inclusion
in this study. The patient selection criteria are summarized in Figure 1. The Ethical Committee for Clinical Re-
search of Beppu Medical Center approved this retrospective study (2015-4).

Adjuvant therapy was administered according to the St Gallen recommendations [16]. Adjuvant chemothera-
py was administered to 32 patients (12.1%), adjuvant hormonal treatment to 129 (48.9%), and adjuvant chemo-
therapy and hormonal therapy together to 97 (36.7%). Among these patients, 24 (9.1%) were treated preopera-
tively.

Follow-up care was performed at regular intervals (3-month intervals for years 1 - 5; and 6-month intervals
for years 5 - 10 after diagnosis). Follow-up investigations included clinical examinations, laboratory data ana-
lyses including carcinoembryonic antigen and carbohydrate-antigen 15-3, and radio-logical assessment (com-
puted tomography and mammaography) every 12 months in years 1 - 5, and years 5 - 10, respectively.

2.1. Pathological Characteristics

Pathological data were reviewed to determine the tumor size, nuclear grade, lymph node status, hormone receptor
status and human epidermal growth factor receptor 2 (HER2) status. Estrogen receptor (ER) and progesterone re-
ceptor (PgR) statuses were evaluated via immunohistochemistry (IHC). Tumors with nuclear expression > 0 were
recorded as positive. HER?2 status was assessed via IHC or fluorescence in situ hybridization and was considered
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Figure 1. Flowchart illustrating the enrollment and
exclusion criteria of patients with breast cancer in
this study.

positive upon obtaining either an IHC score of 3 or at least a 2.2-fold stronger HER2 signal relative to the CEP
17 signal in the tumor cells [17]. Lymphatic invasion and venous invasion were defined by the identification of
intravascular tumor clots in the lumina of lymphatic or blood vessels, respectively.

2.2. PLR Measurement

Blood samples were obtained via peripheral venous puncture before the initiation of any treatment modality.
Platelets and lymphocytes were measured routinely with an automatic nephelometer (XE-5000; Sysmex Corpo-
ration, Tokyo, Japan) according to the manufacturer’s instructions. Assays were performed by medical techni-
cians who were blinded to the study subjects’ clinical information.

The PLR was calculated as the absolute platelet count divided by the absolute lymphocyte count. The ideal
cutoff value for PLR was determined by receiver operating curve (ROC) analysis (Figure 2). According to the
ROC, we determined an optimal cut off value of 162.3 for the PLR.

2.3. Statistical Analysis

The primary end point of the study was disease-free survival defined as the interval between the date of surgery
and the first observation of disease relapse. Comparisons between two groups were performed using the chi-
square test.

The Kaplan-Meier method was used to calculate disease-free survival rates. Significant differences in disease-
free survival were determined using log-rank tests. All variables were assessed in a Cox proportional hazard
model to identify any independent variables associated with disease-free survival. Hazard ratios (HRs) estimated
using the Cox analysis was reported as relative risks with corresponding 95% confidence intervals (Cls). All sta-
tistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan),
a graphical user interface for R (The R Foundation for statistical Computing, Vienna, Austria). EZR is a mod-
ified version of R Commander designed to add the statistical functions frequently used in biostatistics [18]. A P-
value < 0.05 was considered significant.

3. Results
The mean platelet count was 22.8 + 5.8 x 10*, the mean lymphocyte count was 1795 + 1015, and the mean PLR
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Figure 2. Receiver operating curve (ROC) for disease-free survival
in patients with breast carcinoma. The ROC is represented with an
area under the curve of 0.62 (95% Confidence Interval: 0.499 -
0.741), with a sensitivity of 0.5 and a specificity of 0.734.

was 143.6 (range; 17.4 - 454.3). Seventy five patients (28.4%) had PLR values at or above the cutoff (>162.3),
and 189 patients (71.6%) had PLR-low values (<162.3).

The associations between preoperative PLR and clinicopathological variables are summarized in Table 1.
Although elevated PLR had a correlative trend with ER status and lymph node involvement (P = 0.055 and
0.054, respectively), there were no significant differences between the two groups. A high PLR significantly
correlated with venous invasion (P < 0.05).

The mean follow-up period was 33 months. The disease-free survival rate was significantly lower in the PLR-
high group than in the PLR-low group (5-year survival, 81.6% vs. 90.7%, respectively; P < 0.05) (Figure 3).
Univariate analysis revealed a significant impact of nuclear grade, ER, lymph node involvement and tumor size
on disease-free survival. With respect to PLR, only a trend toward decreased survival was detected (P = 0.052).
On multivariate analysis, an elevated PLR level, nuclear grade and lymph node involvement were independently
correlated with poor prognosis for disease-free survival, with respective HRs of 3.5970 (95% CI, 1.324 - 9.774),
3.1(95% CI; 1.106 - 8.691) and 3.039 (95% CI; 1.65-8.672), respectively (Table 2).

4. Discussion

In the present study, we demonstrated that an elevated preoperative PLR value was significantly associated with
venous invasion, and can be a significant prognostic indicator in Japanese patients with localized breast cancer
on multivariate analysis. Interestingly, the HR for elevated PLR was superior to those for well-known risk fac-
tors (e.g. nuclear grade [1 - 2 vs. 3] and lymph node involvement [negative vs. positive]). This finding is consis-
tent with previous reports for several other types of cancers [12]-[14].

Systemic inflammation is associated with the release of several pro-inflammatory mediators, such as IL-1,
IL-3, and IL-6, which are known to stimulate megakaryocyte proliferation, leading to the production of blood
platelets. Experimental data have shown a direct correlation between the number of circulating platelets and the
level of serum VEGF, a major factor in tumor-induced angiogenesis [19], and metalloproteinase-9 secretion [20].
Furthermore, platelets negatively modulate the innate antitumor immune response through cell-induced platelet
aggregation, which shields tumor cells from the major histocompatibility complex so as to escape immune sur-
veillance by T cells [21]. These facts could explain that an elevated peripheral platelet count was associated with
higher mortality in patients with several cancers [8] [22].

Systemic inflammation also leads to the release of a number of immunologic mediators, most notably IL-10
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Figure 3. Kaplan-Meier analysis of disease-free survival stratified by
the preoperative platelet to lymphocyte ratio (PLR) in patients with
breast carcinoma. Patients with an elevated PLR value (bold line) had
a significantly poorer disease-free survival rate than those with a
normal PLR value (thin line) (P < 0.05).

Table 1. Relationship between preoperative platelet to lymphocyte ratio and clinicopathological variables of
patients with breast carcinoma.

No. (%) No. (%) P value
Variables PLR < 162.3 (n = 189) PLR >162.3 (n = 75)
Age
<50 years 35 (19%) 18 (24%) 0.313
>50 years 154 (81%) 57 (76%)
Nuclear grade
1-2 126 (67%) 53 (71%) 0.846
3 63 (33%) 22 (29%)
Lymphatic invasion
Negative 98 (52%) 36 (48%) 0.588
Positive 91 (48%) 39 (52%)
Venous invasion
Negative 148 (78%) 47 (63%) 0.0126
Positive 41 (22%) 28 (37%)
Estrogen receptor
Negative 33 (17%) 6 (8%) 0.0555
Positive 156 (83%) 69 (92%)
Progesterone receptor
Negative 47 (25%) 22 (29%) 0.535
Positive 142 (75%) 53 (71%)
HER2
Negative 160 (85%) 58 (77%) 0.207
Positive 29 (15%) 17 (23%)
Lymph node involvement
Negative 139 (72%) 46 (62%) 0.054
Positive 50 (28%) 29 (38%)
Tumor size
<20 mm 94 (50%) 31 (41%) 0.223
>20 mm 95 (50%) 44 (59%)

Abbreviations: HER2: human epidermal growth factor receptor 2; No.: number.
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Table 2. Univariate and multivariate analysis of clinicopathological variables that predict disease-free survival in patients
with breast carcinoma using Cox proportional hazard model.

Univariate analysis Multivariate analysis
Variables No (%) HR P value HR P value
(95% ClI) (95% CI)
Age
<50 years 53 (20%) 1 (Referent) 1 (Referent)
>50 years 211 (80%) 0.70 0.49 0.51 0.25
(0.25 - 1.92) (0.17 - 1.59)
Nuclear grade
1-2 179 (68%) 1 (Referent) 1 (Referent)
3 85 (32%) 2.93 0.017 3.10 0.031
(1.21-7.09) (1.11 - 8.69)
Lymphatic invasion
Negative 134 (51%) 1 (Referent) 1 (Referent)
Positive 130 (49%) 243 0.069 1.27 0.71
(0.93 - 6.34) (0.36 - 4.56)
Venous invasion
Negative 195 (74%) 1 (Referent) 1 (Referent)
Positive 69 (26%) 1.39 0.47 0.55 0.31
(0.57 - 3.41) (0.17 - 1.74)
Estrogen receptor
Negative 39 (15%) 1 (Referent) 1 (Referent)
Positive 225 (85%) 0.32 0.021 0.30 0.14
(0.12-0.84) (0.06 - 1.50)
Progesterone receptor
Negative 69 (26%) 1 (Referent) 1 (Referent)
Positive 195 (74%) 0.41 0.054 0.72 0.65
(0.17 - 1.10) (0.18-2.97)
HER2
Negative 218 (83%) 1 (Referent) 1 (Referent)
Positive 46 (17%) 1.48 0.49 0.71 0.56
(0.49 - 4.45) (0.22 - 2.28)
Lymph node involvement
Negative 185 (70%) 1 (Referent) 1 (Referent)
Positive 79 (30%) 3.32 0.0086 3.04 0.038
(1.36 - 8.13) (1.07 - 8.67)
Tumor size
<20mm 125 (47%) 1 (Referent) 1 (Referent)
>20mm 139 (53%) 4.35 0.0091 3.01 0.070
(1.44-13.14) (0.91-10.6)
PLR
<162.3 189 (72%) 1 (Referent) 1 (Referent)
>162.3 75 (28%) 2.39 0.052 3.60 0.012
(0.99 - 5.75) (1.32-9.78)

Abbreviations: CI: confidence interval; HER2: human epidermal growth factor receptor 2; HR: hazard ratio; No: number; PLR: platelet to lymphocyte

ratio.
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and transforming growth factor (TGF)-B, which can result in a significant immunosuppressive effect that im-
pairs lymphocytes’ function and reduces their counts [23]. Lymphocytes have a major role in cancer immune-
surveillance, which inhibits tumor cell proliferation and metastasis [24]. An increased concentration of intratu-
moral CD8+ cytotoxic lymphocytes in breast cancer has been strongly associated with decreased recurrence, and
higher survival outcome [25]. Therefore, it is feasible that PLR calculated by these parameters could be a novel
indicator of malignant potential of human tumors, and plausible that understanding the imbalances represented
by the PLR may provide information regarding underlying tumor progression and prognosis in individuals with
breast cancer.

Azab et al. [15] have already showed pretreatment PLR was not superior to absolute lymphocyte count alone
in predicting long-term mortality in patients with breast cancer. However, their study analyzed overall survival
but not disease-free survival, which can be influenced by numerous other factors including non-cancer-related
death. Our results demonstrated the prognostic effect of preoperative PLR on disease-free survival in patients
with breast cancer. Furthermore, the discrepancy between our results and those of Azab et al. may be attributa-
ble to the nature of the study population; Azab et al. included patients with ductal carcinoma in situ (Stage 0)
and distant metastasis (Stage 1V); these stages were excluded from our analysis. The prognosis of patients with
Stage 0 is favorable enough that prognostic indicators are not required, whereas the prognosis of patients with
Stage IV disease is unfavorable, and the decision regarding the method of treatment is based on various factors,
such as physical condition and patient’s consent, as well as prognostic indicators. Our results can therefore be
considered more reliable and relevant than those of Azab et al. for evaluating the prognostic value of PLR in pa-
tients with localized breast cancer.

The limitations of this study include the relatively short follow-up period, the relatively small sample size,
and the single-center design. The retrospective design of our study also renders it susceptible to data selection
and analytical biases. Furthermore, we were unable to exclude the possibility that unequal distributions of un-
identified clinicopathological parameters, such as malnutrition, severe stress, and intense physical exercise that
interrelated with PLR, may also have introduced biased to our results. Even considering these limitations, how-
ever, our data indicate that an increased preoperative PLR may represent an independent prognostic factor in pa-
tients with localized breast cancer.

In summary, the results of this study suggest that an elevated preoperative PLR is likely to be associated with
unfavorable tumor characteristics and significantly reduces disease-free survival time in patients with breast car-
cinoma. Regularly used blood-based parameters, such as PLR, are relatively easy to assess without additional
hassles, making them attractive for improved individualized risk assessment. However, our data are still prelim-
inary and should be interpreted cautiously pending validation by additional studies.
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