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Platelet count and mean platelet volume are associated with not only bone, 
soft tissue, and lymph node metastases but also with malignant pleural 
effusion in lung cancer patients
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an increased platelet count is often observed in lung cancer patients. Whether and how the platelets affect cancer progres-
sion have yet to be established. The aim of the study was to investigate the involvement of the platelet count and mean platelet 
volume (MPV) in the prognosis and progression of lung cancer patients. This retrospective study included 146 patients with 
newly diagnosed primary lung cancer. The platelet count and MPV were measured before invasive diagnostic procedures 
and treatment. These platelet indices, overall survival of the patients, and tumor metastases for each organ were analyzed. 
On kaplan-Meier survival analysis, the overall survivals of patients with platelet counts ≤ 244.0 × 109/L or MPV > 9.7 fL 
were longer than those of patients with platelet counts > 244.0 × 109/L or MPV ≤ 9.7 fL. cox regression analysis showed that 
poor performance status, increased platelet count, and increased c-reactive protein were independent prognostic factors. 
The platelet indices were associated with metastases to bone, soft tissue, and lymph node, in addition to malignant pleural 
effusion. increased platelet count and decreased MPV were unfavorable prognostic factors for patients with lung cancer, and 
they were involved in bone, soft tissue, and lymph node metastases and malignant pleural effusion.
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Lung cancer is the most frequent cause of cancer death 
worldwide [1]. despite recent improvement of diagnostic and 
therapeutic technologies, more than half of the patients diagnosed 
with lung cancer present with advanced disease, and the prognosis 
remains poor because distant metastases are common [2].

Thrombocytosis is often observed in patients with various 
malignant tumors including lung cancer [3]. Previous studies 
have reported that thrombocytosis is an independent predic-
tor of poor prognosis in lung cancer patients [4-9]. The other 
platelet indices such as mean platelet volume (MPV), which 
can be measured simultaneously with platelet count from 
available routine blood examinations, were also associated 
with the prognosis of lung cancer patients [10-12]. although 
various cut-off values of these platelet indices were used, and 
patients’ background characteristics such as histological types 
and staging varied among these studies, it was obvious that an 
increased platelet count is one of the negative predictors for 
survival of lung cancer patients.

Recently, platelets have been shown to be involved in co-
agulation and inflammation, in addition to blood clotting, and 
activated platelets play an important role in cancer progression 
through diverse mechanisms [13]. The reports that thrombo-
cytosis is a  predictor of poor prognosis in lung cancer patients 
strongly suggest that platelets can facilitate cancer progression. 
however, whether and how the platelets affect the metastatic 
process of lung cancer have not been fully understood. The 
aim of the present study was to investigate the involvement of 
the platelet count and MPV in the prognosis and metastases 
of lung cancer.

Patients and methods

Patients. This retrospective study included 169 consecu-
tive patients with lung cancer who were first-ever admitted 
to our department between January 2010 and december 
2011. Patients with other current malignancies, recent 
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surgery or trauma, a  recent intervention for ischemic heart 
disease, and hematological disorders were excluded. Thus, 
data from 146 patients were finally analyzed after exclud-
ing 18 patients because they were lost to follow-up. The 
research protocol was approved by the ethics committee 
at our institution (28-4). all patients underwent chest and 
abdominal computed tomography (cT), brain magnetic 
resonance imaging, positron emission tomography–cT, and 
bone scintigraphy at the first presentation for evaluation of 
the clinical stage.

Patient evaluation. The clinical data were obtained from 
hospital records. histological classification was performed 
according to WhO guidelines. The following clinical char-
acteristics were retrieved from the available clinical records: 
age, sex, eastern cooperative Oncology group (ecOg) 
performance status (PS), and smoking habit. disease staging 
was based on the 7th edition of the tumor-node-metastasis 
(TNM) classification of malignant tumors as clinical stage 
or pathological stage. all lung cancer patients without small 
cell carcinoma or sufficient histological specimen undergo 
the examination of epidermal growth factor receptor (egFR) 
mutation. Overall survival (OS) was defined as the time in 
weeks from definite diagnosis to death or the end of follow 
up (10 March, 2016).

Blood collection and laboratory analysis. all peripheral 
venous blood samples were collected from patients before 
invasive diagnostic procedures and treatments for lung cancer. 
a  blood test was performed using a  fully automated blood 
cell counting system from ethylenediamine tetra-acetic acid 
(edTa)– anticoagulated blood samples in our clinical labo-
ratory. Laboratory data including hemoglobin level, platelet 
counts, and MPV were collected.

Statistical analysis. data were analyzed using R  statistical 
software, version 3.1.1 (R Foundation for Statistical comput-
ing, Vienna, austria). Variables are expressed as means ± 
standard deviation. Two-group unpaired continuous vari-
ables were compared using the t-test. Significant differences 
in quantitative variables between groups were analyzed us-
ing one-way analysis of variance (aNOVa) with a  post hoc 
dunnett test. Values with two-sided p  <0.05 were considered 
significant. To assess the accuracy of using the platelet count 
or MPV as an indicator of survival, a  receiver operator 
characteristic (ROc) curve was drawn. The ROc curve is a  
plot of sensitivity vs. 1-specificity. The area under the curve 
(auc) was calculated from the ROc curve. The kaplan-Meier 
method was used to calculate survival probability, and log-
rank tests were used to evaluate differences between groups. 
Overall survival was analyzed using cox proportional hazards 
regression models. Factors initially considered in the uni-
variate analysis that were associated with mortality (P<0.10) 
were included in the multivariate regression analysis using 
backward stepwise elimination. For the final model, hazard 
ratios (hRs), 95% confidence intervals (cis), parameter, and 
standard error were calculated for all significant predictors 
at the P<0.05 level.

Results

Patient characteristics. Table 1 shows the main character-
istics of the 146 patients (median age, 72.5 y; age range, 41–92 
y). TNM stage varied as follows: Stage i, 46 patients; Stage ii, 
13 patients; Stage iii, 35 patients; and Stage iV, 52 patients. 
Before invasive diagnostic procedures and treatments, the 
mean platelet count was 250.8 ± 87.7 × 109/L and the mean 
MPV was 9.74 ± 0.87 fL. Of the 146 patients, 24 (16.4%) had 
malignant pleural effusions, and 39 (26.7%) had distant or-
gan metastases. There were no significant differences in the 
platelet count or MPV by egFR mutation, sex, histological 
type, and PS.

Platelet indices and overall survival. By final follow-up, 
of the 146 patients, 45 had survived and 101 had died. The 
5-year overall survival rate was 30.6% and the median survival 
time (MST) was 595 days. Of the 101 non-survivors, 85 died 
of lung cancer. 

The relationships between platelet indices and mortality 
were investigated first. These patients were divided into two 
groups: the 99 patients who had died within 5 years (non-
survivors) and the other 47 surviving patients (survivors). The 
platelet count was significantly higher in non-survivors than 
in survivors, but MPV values were lower (Figure 1).

ROc curves were drawn to evaluate the accuracy of us-
ing platelet counts and MPV values as indicators of 5-years 
overall survival. The auc was calculated as 0.694 (95% 
ci: 0.610–0.778) for the platelet count and 0.656 (95% ci: 
0.561–0.751) for MPV. a  platelet count of 244.0 × 109/L and 
an MPV of 9.70 were chosen as appropriate cut-off values to 

Table 1. Characteristics of the patients.

characteristics n = 146
Sex (M/F) 90 / 56
Median age, years (range) 72.5 (41 – 92)
ecOg PS (0/1/2/3/4) 91 / 27 / 15 / 7 / 6
Smoking habit 110 (75.3%)
histological type (ad/Sq/Sm/Others) 80 / 43 / 14 / 9
Staging (ia/iB/iia/iiB/iiia/iiiB/iV) 35 / 11 / 8 / 5 / 18 / 17 / 52
egFR mutation positive 24 (16.4%)
Lymph nodes metastases (N0/N1/N2/N3) 65 / 14 / 44 / 23
distant metastases 39 (36.4%)
Metastatic organs

Bone 20 (13.7%)
Lung 14 (9.6%)
Liver 13 (8.9%)
Brain 10 (6.8%)
adrenal gland 10 (6.8%)
Soft tissue 7 (4.8%)

Malignant pleural effusion 24 (16.4%)
Obstructive pneumonia 22 (15.1%)

ecOg: eastern cooperative Oncology group, PS: Performance status, ad: 
adenocarcinoma, Sq: Squamous cell carcinoma, Sm: Small cell carcinoma, 
egFR: epidermal growth factor receptor.
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predict 5-year mortality with sensitivities of 55.6% and 65.7%, 
and specificities of 78.7% and 61.7%, respectively.

Of these patients, 81 patients had platelet counts ≤ 244.0 
× 109/L , and their MST was 1,523 days. For the remaining 
65 patients whose platelet counts were > 244.0 × 109/L, the 
MST was 405 days. The kaplan-Meier survival analysis 
showed that the OS of the patients whose platelet count 
was > 244.0 × 109/L was significantly lower than that of 
the patients whose platelet count was ≤ 244.0 × 109/L (log-
rank test, P<0.001, Figure 2a). The OS of patients whose 
MPV was ≤ 9.7 fL was also significantly lower than that of 
patients whose MPV was > 9.7 fL (MST: 408 days vs. 946 
days, P=0.005, Figure 2B).

The associations between mortality and sex, age, smoking 
habit, histological type, PS, c-reactive protein, platelet count 
(≤ or >244.0 × 109/L), hemoglobin level, egFR mutation, car-
cinoembryonic antigen (cea), and cytokeratin 19 fragment 
(cyfra) were evaluated.

On univariate regression analysis, smoking habit, egFR 
mutation, higher age, PS, cRP, platelet count, cyfta, and 
lower level of hemoglobin were significant (Table 2). These 
eight variables (P < 0.10 on univariate analysis) were entered 
into a  multivariate regression analysis with mortality as the 
independent variable. The variables in the final model that 
could better predict the patient survival rate are shown in 
Table 3. 

Platelet indices and metastases. Furthermore, the rela-
tionships between platelet indices and lymph node, pleural, 
and distant metastases were investigated. The platelet counts 
of patients with bone, soft tissue, or lymph node metastases 
or malignant pleural effusion were significantly higher than 
those of patients without them (Table 4). although the MPV 
of patients with metastasis, excluding those with malignant 
effusion, was significantly lower than that of patients without 
them, the difference in MPV between patients with and with-
out malignant pleural effusion was not significant. Further 
multiple comparisons showed that the platelet count of N0 was 
significantly lower than that of N1 (P=0.036), N2 (P=0.012), 
and N3 (P<0.001).

Discussion

in the present study, both higher platelet count and lower 
MPV were associated with a  poor prognosis in lung cancer 

Figure 1. Platelet count (A) and MPV (B) in 5-year survivors and non-survivors. MPV: Mean platelet volume

Table 2. Univariate analysis of prognostic factors for 5-year overall sur-
vival.

Variables hR (95% ci) P value
Sex (M/F) 1.12 (0.75 – 1.67) 0.594
Median age, years 1.04 (1.02 – 1.06) 0.001*

ecOg PS (0/1/2/3/4) 1.79 (1.51 – 2.12) <0.001*

Smoking habit 1.97 (1.18 – 3.28) 0.010*

cRP (mg/dl) 1.13 (1.09 – 1.17) <0.001*

Platelet count (≤ or >244.0 × 109/L) 2.29 (1.54 – 3.41) <0.001*

hemoglobin (g/dl) 0.77 (0.68 – 0.86) <0.001*

egFR mutation 0.34 (0.17 – 0.48) 0.002*

cea (ng/ml) 1.00 (0.99 – 1.00) 0.200
cyfra (ng/ml) 1.03 (1.02 – 1.04) <0.001*

hR: hazard ratio, ecOg: eastern cooperative Oncology group, PS: Perform-
ance status, cRP: c-reactive protein, egFR: epidermal growth factor receptor, 
cea: carcinoembryonic antigen, cyfra: cytokeratin 19 fragment
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patients, and the platelet count was also an independent 
predictor of OS. Moreover, an increased platelet count was 
associated with bone, soft tissue, and lymph node metastases 
and malignant pleural effusion. in contrast, decreased MPV 
was associated with metastases, but not malignant pleural 
effusion. This is the first report to show that both the platelet 
count and MPV were involved in bone, soft tissue, and lymph 
node metastases and malignant pleural effusion in lung cancer 
patients.

although there are some reports that demonstrated an 
association between an increased platelet count and lower sur-
vival in lung cancer patients, the cut-off value for an increased 
platelet count was set differently among the studies [4-8, 14]. 
Most studies used a  platelet count of 300–400 × 109/L as the 
cut-off. in contrast, in the present study, there was a  significant 
difference in OS using a  lower cut-off of the platelet count than 

in previous studies. This suggests that only a  slightly increased 
platelet count, not prominent thrombocytosis, is associated 
with progression of lung cancer.

There are some possible mechanisms to explain how 
platelets are associated with a  poor outcome in lung cancer 
patients. The first step of cancer progression is that cancer 
cells activate platelets by some factors that originate from 
cancer cells and platelets such as tissue factor, podoplanin, P-
selectin, and glycoprotein ib/iX/V [15-18]. Second, activated 
platelets interact with cancer cells leading to the formation of 
platelet- cancer cells that can evade shear stress in blood flow 
and immune surveillance and, furthermore, enhance tumor 
metastasis [19, 20]. Third, platelet aggregation with cancer 
cells promotes microcirculatory adhesion to endothelial cells 
and colonization of cancer cells [21]. The release of platelet 
granules from activated platelets has an important role in 

Figure 2. Kaplan-Meier curves for overall survival of the patients by platelet count (A) or MPV (B). MPV: Mean platelet volume

Table 3. The variables in the final model that could better predict the patient 5-year survival rate by multivariate analysis. 

Variables difference β hR (95% ci) Se (β) z P 
Median age, years 1 year 0.012 1.01 (0.98 – 1.05) 0.017 0.69 0.490 
ecOg PS (0/1/2/3/4) 0.502 1.65 (1.30 – 2.11) 0.124 4.05 <0.001*

Smoking habit 0: no, 1: yes 0.278 1.32 (0.67 – 2.60) 0.346 0.81 0.421 
cRP (mg/dl) 0.1 mg/dl 0.063 1.07 (1.02 – 1.12) 0.025 2.58 0.010*

Platelet count 0: ≤, 1: > 
244.0× 109/L 0.630 1.88 (1.13 – 3.13) 0.261 2.42 0.016*

hemoglobin (g/dl) 0.1 g/dl -0.083 0.92 (0.78 – 1.08) 0.082 -1.02 0.308 
egFR mutation 0: (-), 1: (+) -0.468 0.63 (0.27 – 1.46) 0.432 -1.08 0.278 
cyfra (ng/ml) 0.1 ng/ml 0.011 1.01 (1.00 – 1.03) 0.007 1.54 0.123 

hR: hazard ratio, Se: Standard error, ecOg: eastern cooperative Oncology group, PS: Performance status, cRP: c-reactive protein, egFR: epidermal growth 
factor receptor, cyfra: cytokeratin 19 fragment
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this process [22]. Finally, activated platelets release vascular 
endothelial growth factor (VegF), epidermal growth factor 
(egF), platelet-derived growth factor (PdgF), and a  number 
of other cytokines, which stimulate proliferation of cancer cells 
and promote angiogenesis [22]. in addition, Labelle and col-
leagues reported that transforming growth factor-β (TgF-β) 
released from platelets induces epithelial-mesenchymal transi-
tion and promotes metastasis [23].

The results of the present study were in agreement with the 
previous studies showing that thrombocytosis was associated 
with bone and lymph node metastases [9, 14]. Platelets and 
their expression of podoplanin have an important role in the 
embryologic development of lymphatic vessels [24, 25]. Podo-
planin is regarded as a  factor promoting metastasis via platelet 
aggregation [26]. Furthermore, lymphangiogenic growth 
factors such as VegF, PdgF, and basic fibroblastic growth 
factor (bFgF), which are synthesized by platelets, stimulate 

the development of lymphatic vessels via different pathways 
[27]. Moreover, kerr and colleagues suggested that proteins 
released from platelets were involved in bone metastasis by 
stimulating proliferation of osteoblasts and the differentiation 
of osteoclast-like cells [28]. although the precise mechanisms 
by which platelets are involved in bone and lymph node me-
tastases remain unclear, it is certain that platelets are strongly 
associated with these metastases.

Previous studies demonstrated that a  decreased MPV was 
significantly associated with inferior OS in patients with ad-
vanced lung cancer [10, 11]. in fact, an increased platelet count 
and a  decreased MPV were demonstrated in patients with 
lymph node and/or bone metastasis in the present study.

in contrast, there was dissociation between platelet count 
and MPV only in patients with a  malignant effusion in the 
present study. The meaning of this dissociation should be 
considered. angiogenesis, increased permeability of the 
pleural vasculature, and inflammation are considered to be 
involved in the pathogenesis of malignant pleural fluid ac-
cumulation [29, 30]. it is well known that there is an inverse 
relationship between the platelet count and the MPV under 
physiological conditions, because circulating platelets tend to 
maintain hemostasis by preserving a  constant platelet volume 
[31]. conversely, gasparyan and colleagues suggested that 
the size of circulating platelets depends on the intensity of 
systemic inflammation, with contrasting features of MPV in 
high- and low- grade inflammatory disorders [32]. Namely, 
the size seems to depend on the intensity of inflammation. 
They considered that low-grade inflammatory conditions are 
associated with circulation of predominantly larger platelets. 
Several studies have also presented data that allude to a  
correlation between higher MPV values and active inflamma-
tory disease [33, 34]. Larger platelets are more reactive than 
smaller ones as they can more easily release a  large variety 
of chemical mediators in response to stimuli [35]. Thus, 
MPV is readily used as an early marker of platelet activation 
[36]. By the present results, the fact that the MPV level was 
relatively higher than the platelet count in malignant pleural 
effusion might be associated with low-grade inflammation 
in the pleural space.

in malignant pleural effusion, VegF plays an essential role. 
Previous studies have shown that VegF levels in pleural ef-
fusions are significantly higher in malignant pleural effusions 
than in benign pleural effusions [37-39]. VegF is released 
from platelets and not only induces the formation of new blood 
vessels, but it also increases vascular permeability [40-42]. in 
addition, VegF levels were correlated with several markers 
of increased vascular permeability and pleural inflammation 
[43-45]. it was reported that the level of VegF released from 
a  single activated platelet was strongly correlated with MPV 
under inflammation [46]. in other words, newly produced 
platelets, which have a  large MPV, might contain more VegF 
in their cytoplasm than mature platelets. These activated large 
platelets are associated with progression of malignant pleural 
effusion in the presence of inflammation in the pleural space 

Table 4. The associations between platelet indices and metastases to each 
organ.

n PLTS MPV
distant metastases P=0.039* P=0.009*

metastases(+) 39 278.4±114.2 9.44±0.84
metastases(-) 107 243.7±78.2 9.86±0.87

adrenal gland P=0.617 P=0.820
metastasis(+) 10 266.8±78.9 9.81±0.97
metastasis(-) 136 252.0±91.1 9.74±0.88

Bone P=0.021* P=0.010*

metastasis(+) 20 295.9±130.6 9.28±0.80
metastasis(-) 126 246.2±80.6 9.82±0.87

Brain P=0.324 P=0.397
metastasis(+) 10 280.2±122.1 9.52±0.36
metastasis(-) 136 251.0±87.6 9.77±0.91

Lung P=0.889 P=0.904
metastasis(+) 14 256.2±79.3 9.75±0.88
metastasis(-) 132 252.6±91.5 9.72±0.92

Liver P=0.156 P=0.369
metastasis(+) 13 286.9±125.7 9.54±0.76
metastasis(-) 133 249.7±85.8 9.77±0.89

Soft tissue P<0.001* P=0.011*

metastasis(+) 7 378.9±89.1 8.93±0.88
metastasis(-) 139 246.6±85.7 9.79±0.86

Lymph node P<0.001* P=0.030*

N0 65 218.5±48.8 9.98±0.91
N1 14 281.4±119.6 9.77±0.95
N2 44 266.6±91.2 9.53±0.73
N3 23 307.1±120.4 9.50±0.89

P=0.022* P=0.711
Malignant pleural effusion(+) 24 291.3±113.7 9.69±0.84
Malignant pleural effusion(-) 122 245.4±83.2 9.76±0.89

PLTS: Platelet count, MPV: Mean platelet volume
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through VegF. Meanwhile, it was suggested that bevacizumab, 
a  recombinant humanized monoclonal antibody to VegF, 
was effective for the management of pleural effusions in lung 
cancer [47]. Mutlu et al. reported that the administration of 
bevacizumab in patients with metastatic colon cancer signifi-
cantly decreased MPV levels [48]. Therefore, the dissociation 
between the platelet count and MPV in the present patients 
with malignant pleural effusion was supported by these find-
ings and considerations.

Several limitations of the present study should be men-
tioned. The present study was a  retrospective study, and 
there was insufficient information about treatment strate-
gies for lung cancer, which may lead to differences in the 
survival rate. The population of patients in this study was 
heterogeneous. Because the platelet count and prognosis 
classified by staging were not significantly different between 
non-small cell carcinoma patients and small cell carcinoma 
patients, patients of both histological types were included 
in the study. however, the mechanisms associated with me-
tastasis of these two types may be different. although egFR 
mutation is generally the most obvious predictor of survival 
once the patient took egFR-tyrosine kinase inhibitor [49], 
egFR mutation was not a  predictor for 5-year survival on 
multiple regression analysis in this study. The reason was 
that the examination of egFR mutation was undergone for 
all non-small cell lung cancer patients including early stage 
operable patients in our department. Furthermore, there are 
factors that affect the standardization of MPV measurement: 
blood sampling method, amount of anticoagulant in the 
blood collection tube, the duration between blood sampling 
and examination, and the device used for the examination 
[50]. Finally, the normal ranges of platelet counts are different 
among regions due to ethnicity and measurement methods, 
and these must be addressed. The problems of MPV measure-
ment and regional differences in platelet counts might not 
need to be considered, because all samples were collected 
from Japanese persons, and platelet indices were measured 
by the same blood sampling method and blood counting 
system in a  single institute.

in conclusion, in the present study, an increased platelet 
count and a  decreased MPV were unfavorable prognostic fac-
tors for patients with lung cancer, and there was an association 
between platelet indices and not only bone, soft tissue, and 
lymph node metastases, but also malignant pleural effusion. 
Further larger prospective studies with patients subdivided by 
histological types or staging should be conducted to clarify the 
findings of this study.
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