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Abstract. A growing body of evidence suggests that onco-
genesis is associated with systemic inflammation. The present 
study investigated white blood cell and platelet indices, whose 
values change during the inflammatory response, in women 
with invasive ductal breast carcinoma. Preoperatively obtained 
white blood cell and platelet counts from 53 patients with early 
breast cancer, who developed systemic metastases over a mean 
follow‑up period of 65 months, were analyzed and compared 
with those of a matching control group formed of 37 patients 
with the same characteristics, who remained recurrence‑free 
during the same time period. Patients who developed distant 
metastasis had a significantly higher mean platelet volume and 
lower neutrophil count than patients who did not present with 
distant metastasis. Furthermore, time to distant metastasis 
development was longer in patients with a lower mean platelet 
volume, whilst patients with a lower neutrophil count had a 
shorter systemic disease‑free time interval. However, receiver 
operating characteristic curve analysis demonstrated that 
these parameters provided moderate accuracy in predicting 
which patients may develop distant metastasis. No differences 
were detected between patient groups regarding additional 
parameters. Patients who developed systemic disease during 
a mean follow‑up period of 65 months were observed to have 
an increased mean platelet volume and decreased neutrophil 
count preoperatively. These results indicate that such param-
eters may be of prognostic value in patients with breast cancer. 
Studies with a larger number of patients are required to further 
investigate this hypothesis.

Introduction

Breast cancer represents a major health problem and is the 
most common malignancy among women, with 400,000 new 
cases being diagnosed each year worldwide (1). A total of 

232,000 women were diagnosed with breast cancer in 2014 
in the United States, corresponding to ~28.6% of all cancer 
incidents among women (1). Breast cancer is responsible for 
40,000 mortalities annually and the lifetime risk of succumbing 
to the disease is ~3.4% (1). Despite novel approaches in the 
therapeutic management of breast cancer, including surgical 
treatment, and additional chemotherapy and radiation therapy, 
metastatic disease remains a great clinical challenge, and the 
therapeutic arsenal remains inadequate in impeding relapse and 
metastasis. Therefore, novel predictive markers are required to 
identify high‑risk patients who may develop metastases during 
postoperative surveillance, which may permit oncologists to 
utilize more efficient patient‑tailored treatment strategies.

Systemic inflammatory response has been identified 
to affect survival in a number of malignancies (2,3). White 
blood cells are key mediators in this response (2), in addition 
to platelets, which are involved in mechanisms promoting 
tumor growth and metastasis (4‑6). Various white blood cell 
and platelet indices, including neutrophil‑to‑lymphocyte ratio, 
platelet count, mean platelet volume and platelet‑to‑lymphocyte 
ratio, have been reported as potential markers for predicting 
the progression or recurrence of disease and/or overall survival 
in several forms of cancer (7‑10). The present study aimed to 
investigate whether changes in white blood cell and platelet 
indices possess prognostic value regarding the development 
of distant metastases in patients with newly diagnosed breast 
cancer.

Patients and methods

Patients. A total of 90 female patients (mean age, 58.6 years; 
range, 28‑86 years) with newly diagnosed, non‑metastatic 
invasive ductal breast carcinoma, who were treated in the 
Breast Unit, Second Department of Propaedeutic Surgery, 
Athens Medical School, University of Athens (Athens, Greece) 
between February 2005 and December 2014, were included in 
the current study. Of these patients, 53 (mean age, 55.9 years; 
range,  28‑84 years) developed metastasis at a distant site 
during the surveillance period and were categorized as the 
metastasis group, while 37 patients (mean age, 62.5 years; 
range, 31‑86 years) did not develop distant metastasis during 
surveillance and were used as a control group. The two groups 
were matched for age, disease stage and duration of surveil-
lance. Data regarding white blood cell count, neutrophil 
count, neutrophil percentage, lymphocyte count, lymphocyte 
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percentage, neutrophil‑to‑lymphocyte ratio, platelet count, 
mean platelet volume, platelet distribution width, plateletcrit, 
platelet‑to‑neutrophil ratio and platelet‑to‑lymphocyte ratio 
was retrospectively collected from complete blood count tests 
performed upon admission to the Breast Unit. In addition, 
clinical data concerning age, type of surgery and develop-
ment of distant metastasis during the follow‑up period was 
obtained, along with pathological data regarding tumor 
diameter, extent of primary tumor infiltration (T), number of 
infiltrated lymph nodes, degree of lymph node infiltration (N), 
tumor‑node‑metastasis stage (11), grade, presence or absence 
of lymphovascular invasion, and status of estrogen receptors, 
progesterone receptors and c‑erb‑B2 expression, which was 
collected from the pathology reports of excised specimens. 
Clinicopathological parameters of the patients are listed in 
Table  I. The present study conforms to the Declaration of 
Helsinki.

Complete blood count measurement. A total of 3 ml blood 
was collected in EDTA Vacutainer® Tubes from each patient. 
All specimens were processed using an XT‑4000i Automated 
Hematology Analyzer (Sysmex Corporation, Kobe, Japan) 
within 30 min of the blood being drawn.

Statistical analysis. Normality of data distribution was 
assessed using the Shapiro‑Wilk test. Two group comparisons 
were performed using the t‑test or the Mann‑Whitney  U 
test when data were normally or not normally distributed, 
respectively. The optimal cut‑off points of parameters that 
provided significant differences were assessed with the use of 
receiver operating characteristic (ROC) curves. These cut‑off 
points were taken into account for the calculation of speci-
ficity, sensitivity, negative predictive value (NPV), positive 
predictive value (PPV) and accuracy. For the assessment of 
time until metastasis development, patients were divided into 
4 groups according to the levels of each white blood cell and 
platelet parameter: Group 1, ≤25th percentile; group 2, >25th 
and ≤50th percentile; group 3, >50th and ≤75th percentile; 
group 4, >75th percentile. The Kaplan‑Meier method was 
used for the estimation of time to metastasis development and 
comparisons among groups according to each tested param-
eter. Multivariate survival analysis was performed with the 
use of Cox regression with the forward conditional method. 
All the tests were two‑tailed and P<0.05 was considered to 
indicate a statistically significant difference.

Results

Complete blood count test results according to the develop-
ment of secondary distant metastasis. The only parameters 
that appeared to differentiate between the patients who devel-
oped metastasis and those who did not were the mean platelet 
volume and neutrophil count. Specifically, patients who 
presented with distant metastasis during the follow‑up period 
had an increased mean platelet volume [mean ±  standard 
deviation (SD), 10.9 fl ± 0.9] in comparison with patients who 
did not (mean ± SD, 10.1 fl ± 1.5) (P=0.004) (Fig. 1). Further-
more, patients who presented with distant metastasis during 
the surveillance period had decreased neutrophil counts 
(median,  3,640  U/µl; range,  1,120‑8,090  U/µl) compared 

with patients who did not present with metastasis 
(median, 3,950 U/µl; range, 2,100‑11,800 U/µl) (P=0.0495) 
(Fig. 2). By contrast, no significant differences were observed 
between the patients with and without distant metastasis 
with regards to white blood cell count (P=0.114), neutrophil 
percentage (P=0.071), lymphocyte count (P=0.571), lympho-
cyte percentage (P=0.207), neutrophil‑to‑lymphocyte ratio 
(P=0.191), platelet count (P=0.116), platelet distribution width 
(P=0.187), plateletcrit (P=0.669), platelet‑to‑neutrophil ratio 
(P=0.211) or platelet‑to‑lymphocyte ratio (P=0.664).

ROC curve analysis and calculation of sensitivity, speci-
ficity, PPV, NPV and accuracy. Regarding mean platelet 
volume, ROC curve analysis provided an area under the curve 
(AUC) of 0.674 [95% confidence interval (CI): 0.553‑0.795; 
standard error (SE): 0.062; P=0.006] and an optimal cut‑off 
point of 10 fl (>10 fl sensitivity, 80.4%; specificity, 52.8%; 
PPV, 70.7%; NPV, 65.5%; accuracy, 69%) (data not shown). 
Regarding neutrophil count, ROC curve analysis provided an 
AUC of 0.622 (95% CI, 0.506‑0.738; SE, 0.059; P=0.0495) 

Table I. Clinicopathological data of patients with invasive ductal 
breast carcinoma.

Parameters	 n, %

Tumor stage	
  T1	 28 (31.1)
  T2	 45 (50.0)
  T3	   9 (10.0)
  T4	 8 (8.9)
Lymph node infiltration	
  N0	 42 (46.7)
  N1	 16 (17.8)
  N2	 12 (13.3)
  N3	 20 (22.2)
TNM stagea	
  I	 23 (25.6)
  II	 33 (36.7)
  III	 34 (37.8)
Tumor grade	
  Low	 49 (54.4)
  High	 41 (45.6)
Estrogen receptor expression	
  Positive	 61 (67.8)
  Negative	 29 (32.2)
Progesterone receptor expression	
  Positive	 46 (51.1)
  Negative	 44 (48.9)
c‑erb‑B2 expression	
  Positive	 49 (54.4)
  Negative	 41 (45.6)

a7th edition of the TNM staging system  (11). TNM, 
tumor‑node‑metastasis.
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and an optimal cut‑off point of 4,000  U/µl (<4,000  U/µl 
sensitivity, 60.4%; specificity, 51.4%; PPV, 64%; NPV, 47.5%; 
accuracy, 56.7%) (data not shown).

Survival analysis. The mean and the median period of 
surveillance was 65 months (range, 3‑121 months). When 
group  1 (≤25th percentile) was compared with groups  2, 
3 and 4 (>25th percentile) for each parameter, significant 
differences were observed in mean platelet volume and 
neutrophil count. In particular, patients with a lower mean 
platelet volume (group  1) experienced a longer period of 
time to distant metastasis development than patients with a 
higher mean platelet volume (groups 2, 3 and 4) [P=0.001; 
group 1: Mean time ± SE, 65±5 months (95% CI, 55.2‑74.9); 
groups 2, 3 and 4: Mean time ± SE, 41.6±3.1 months (95% 
CI,  35.4‑47.7)] (Fig.  3). In addition, patients with a lower 
neutrophil count (group  1) experienced a shorter time to 
distant metastasis development than patients with a higher 
neutrophil count (groups 2, 3 and 4) [P=0.001; group 1: Mean 
time ± SE, 33.6±4.7 months (95% CI, 24.3‑42.9); groups 2, 
3 and 4: Mean time ± SE, 52.5±3.4 months (95% CI, 45.9‑59.1)] 

(Fig. 4). By contrast, no significant differences were detected 
between the patients with and without distant metastasis 
regarding white blood cell count (P=0.105), neutrophil 
percentage (P=0.17), lymphocyte count (P=0.587), lympho-
cyte percentage (P=0.108), neutrophil‑to‑lymphocyte ratio 
(P=0.34), platelet count (P=0.17), platelet distribution width 
(P=0.104), plateletcrit (P=0.683), platelet‑to‑neutrophil ratio 
(P=0.647) or platelet‑to‑lymphocyte ratio (P=0.433). However, 
the multivariate survival analysis provided high T (P=0.0002) 
and high grade (P=0.001) as independent risk factors for 
future development of distant metastasis, but not mean platelet 
volume (P=0.096) or neutrophil count (P=0.993).

Discussion

There is a growing body of evidence to suggest that immune 
cells and platelets are implicated in complex crosstalk with 
malignant cells and their microenvironment in various malig-
nancies (2,4‑6). Regarding white blood cells, increased tumor 

Figure 2. Neutrophil count in patients who developed distant metastasis and 
patients who did not. Circles indicate extreme values/outliers.

Figure 4. Distant metastasis rates in patients with lower (group 1) and higher 
(groups 2, 3 and 4) neutrophil counts.

Figure 3. Distant metastasis rates in patients with lower (group 1) and higher 
(groups 2, 3 and 4) mean platelet volume.

Figure 1. Mean platelet volume in patients who developed distant metastasis 
and patients who did not. Circles indicate extreme values/outliers.
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infiltration by inflammatory cells has been associated with 
favorable histopathological features and prognosis in numerous 
types of cancer (2). Furthermore, it has been observed that 
platelets interact with malignant cells and suppress the inflam-
matory response against them. In addition, platelets secrete 
various growth factors and cytokines that promote angiogen-
esis, tumor growth, invasion and metastasis either directly or 
indirectly (4‑6).

Several clinical studies  (7‑10) have aimed to evaluate 
whether these interactions between white blood cells and 
platelets on one side and tumor cells on the other side may 
cause measurable alterations in blood parameters, as they 
are depicted in the complete blood count test. Furthermore, 
studies have attempted to detect any potential diagnostic 
and/or prognostic values of blood test parameters  (7‑10). 
Parameters that have been examined regarding breast cancer 
include mean platelet volume, platelet‑to‑lymphocyte ratio and 
neutrophil-to‑lymphocyte ratio.

Neutrophil‑to-lymphocyte ratio is the most studied 
parameter in breast cancer. In particular, Ozyalvacli et al (12) 
observed that neutrophil‑to‑lymphocyte ratio was increased 
in patients with breast cancer compared with patients 
with benign proliferative breast disease. In addition, 
Dirican et al (13) and Jia et al (14) reported that patients 
with breast cancer with a low neutrophil‑to‑lymphocyte 
ratio present longer disease‑free and overall survival times 
than those who have a high neutrophil‑to‑lymphocyte ratio. 
Similar results have been yielded by several studies (15‑19), 
which concluded that patients with a high pretreatment 
neutrophil-to-lymphocyte ratio have higher 5-year mortality 
rates than patients with a low pretreatment neutrophil-to-
lymphocyte ratio. By contrast, Ulas et al (20) did not detect 
any significant associations between clinicopathological 
parameters or survival rate and neutrophil‑to‑lymphocyte 
ratio in patients with breast cancer.

Regarding platelet‑to‑lymphocyte ratio in patients 
with breast cancer, several studies have also attempted 
to identify any potential prognostic value. Patients with 
a higher platelet‑to‑lymphocyte ratio experienced poorer 
survival times (15,16,21) and a larger number of infiltrated 
lymph nodes  (22) compared with patients with a lower 
platelet‑to‑lymphocyte ratio. By contrast, Ulas et al (20) and 
Yao et al (18) reported that platelet‑to‑lymphocyte ratio does 
not significantly affect survival times in patients with breast 
cancer.

Gu et al (23) reported that mean platelet volume is higher in 
patients with breast cancer than in patients with benign breast 
tumors. Additionally, it was observed that increased mean 
platelet volume was associated with larger tumors, higher 
stage, distant metastases and a poorer prognosis in patients 
with breast cancer (23). By contrast, Yao et al (18) reported 
that there was no significant difference in survival between 
higher and lower mean platelet volumes.

The present study aimed to evaluate the potential prognostic 
role of white blood cell and platelet indices in determining 
which high‑risk patients with newly diagnosed invasive ductal 
breast carcinoma are likely develop distant metastasis in the 
future. According to the results, patients who are predicted to 
develop distant metastasis have a higher mean platelet volume 
and lower neutrophil count in comparison with those who 

are unlikely to develop metastasis. This is also confirmed by 
survival analysis, which demonstrated that patients with a 
lower mean platelet volume had a longer time to metastasis 
development, whereas patients with a lower neutrophil count 
had a shorter time to metastasis development. However, these 
two parameters yielded only moderate sensitivity and speci-
ficity in identifying the patients with breast cancer who will 
develop distant metastasis.

In conclusion, mean platelet volume and neutrophil count 
are two blood test parameters that may be useful in identi-
fying patients with newly diagnosed invasive ductal breast 
carcinoma that are likely to present with distant metastasis 
in the future. Nevertheless, further studies are required to 
confirm the findings of the current study, which may allow 
the construction of a predictive model for patients with breast 
cancer, including mean platelet volume and neutrophil count, 
amongst other blood test parameters.
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