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Abstract

Purpose

The purpose of this study was to investigate the relationship between platelet indices [mean

platelet volume (MPV), platelet count (PLT), platelet distribution width (PDW) and plateletcrit

(PCT)] at diagnosis in osteosarcoma.

Methods

The information of 233 patients with osteosarcoma at diagnosis between 2007 and 2015

was retrospectively reviewed. Clinical parameters such as gender, age, size and site of

tumor, and tumor necrosis rate after neoadjuvant chemotherapy were analyzed.

Results

No significant difference was noted in the mean values of MPV, PLT, PDW and PCT among

stage I, II and III patients. In localized patients, the median disease-free survival (DFS) val-

ues were 42 and 22 months in the PLT<300×109/L and�300×109/L groups, respectively,

but the difference was not statistically significant (P = 0.2611). No difference in the DFS

among the three different levels of MPV was observed.

Conclusion

No significantly different platelet indices were noted among the different stages. Although a

shorter median DFS was found in localized patients with PLT�300×109/L, there was still a lack

of strong evidence to demonstrate the association between platelet indices and osteosarcoma.

Introduction

Osteosarcoma (OS) is the most common bone cancer in children and young adults [1, 2]. The

5-year survival in patients without metastasis has improved from 20% to approximately 70%
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in past decades with a combination of multi-agent neoadjuvant chemotherapy [3, 4]. However,

20% of OS patients with metastatic disease at diagnosis have a low five-year overall survival of

approximately 28–33% [5–7].

The correlation between platelet stimulation and cancer spread has been shown in recent

years [8–15]. Platelets might promote cancer deterioration by sustaining proliferative signals,

resisting cell death, inducing angiogenesis, activating invasion and metastasis, evading

immune detection, and supporting cancer stem cells [16]. In OS research, it has been shown

that platelets promote the proliferation of OS cell lines through the platelet-derived growth fac-

tor-receptor (PDGF-R) signaling axis, and high expression levels of PDGF and PDGF-R in

tumor tissue are correlated with tumor progression and shorter disease-free survival in OS

patients [17, 18]. These lines of evidence have indicated that there could be a strong link

between platelets and OS disease progression.

The mean platelet volume (MPV) is routinely measured by automated common blood

count analyzers as a parameter of platelet size [19]. In health individuals, the inverse relation-

ship between MPV and platelet count has been observed by several researches[19]. In cancer

patients, one of the most abnormalities is a high platelet count and activated platelets play a

pivotal role in cancer metastasis through the release of cytokines and chemokines and the

expression of several adhesion receptors [16, 20, 21].

In this study, we retrospectively analyzed 233 OS patients to evaluate whether the platelet

indices could be associated with disease stage or the disease-free survival (DFS) of OS patients.

Methods

Patients and methods

The clinical records of a series of 233 newly diagnosed osteosarcoma patients referred to the

Shanghai Jiao Tong University Affiliated Sixth People’s Hospital (Shanghai, China) between

2007 and 2015 were retrospectively reviewed. The following clinical parameters were recorded

in a uniform format on a computer database: gender, age at diagnosis, size and site of tumor,

disease stage according to the Enneking surgical staging system, and tumor necrosis rate of

surgery samples after neoadjuvant chemotherapy. The laboratory characteristics of blood

reports including MPV, PLT, PDW and PCT were performed within 7 days prior to biopsy.

Because this study was a retrospective review of the clinical information of anonymous

patients and without any treatment intervention, the Ethics Committee of the affiliated Sixth

People’s Hospital in Shanghai determined that it was exempt from approval.

Statistical analysis

All of the parameters were expressed as the means±standard deviation. An independent t test

was used to compare the parameters of related subjects. All of the clinical factors included

were investigated by univariate and multivariate techniques. A comparison of the categorical

variables was conducted using the Chi-squared test. Survival curves were estimated using the

Kaplan–Meier method and were compared using the log-rank test. A P-value less than 0.05

was considered to be statistically significant.

Results

Patient characteristics

Of all the analyzed patients, the male-to-female ratio was 66% to 34%, and the mean age was

21 years (range: 7–72 years). There were 10 (4%), 178 (77%) and 45 (19%) patients with stage

I, II and III disease, respectively, according to the Enneking surgical staging criteria. The
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percentage of tumor origin from the femur, tibia and fibula were 61%, 33% and 6%, respec-

tively. Their characteristics are shown in Table 1.

Platelet indices of all included patients

No significant difference distribution of the platelet indices was observed between the metasta-

sis and localized patients by cross table analysis (Table 2). In localized patents, PLT, MPV

PDW and PCT also showed no difference between stage I and II (Table 2). There was no

significant difference in the mean comparisons of the four indices between the two groups,

except a slight higher PLT in age�18 years than in age>18 years (244.79±69.85×109/L versus

226.7±67.9×109/L, respectively; P = 0.048, Table 3).

Platelet indices of localized OS patients

MPV, PLT, PDW and PCT were analyzed in 188 localized patients according to sex, age,

tumor size and T stage. A higher PLT in age�18 years than in age>18 years was found to

Table 1. Basic clinical characteristics of the OS patients.

Number (%)

Patients 233 (100)

Gender

female 80 (34)

male 153 (66)

Age (years)

�18 130 (56)

>18 103 (44)

Site

femur 143 (61)

tibia 76 (33)

fibula 14 (6)

Enneking Stage

I 10 (4)

II 178 (77)

III 45 (19)

https://doi.org/10.1371/journal.pone.0174668.t001

Table 2. Crosstab analysis of the platelet indices of all 233 osteosarcoma patients.

All patients (n = 233) Localized patients (n = 188)

Stage I, II III P I II P

PLT (×109/L) Low 1 0 0 1

(100–300) Normal 155 37 8 146

High 32 8 0.88 2 31 0.953

MPV (fL) Low 44 1 1 43

(9.4–12.6) Normal 131 30 9 122

High 13 14 0.24 0 13 0.338

PDW (fL) Low 15 2 1 13

(9.8–16.2) Normal 140 35 7 134

High 33 8 0.71 2 31 0.921

PCT (%) Low 17 6 0 17

(0.16–0.38) Normal 164 36 10 154

High 7 3 0.44 0 7 0.462

https://doi.org/10.1371/journal.pone.0174668.t002
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be slightly significant in localized patients (247.42±70.95×109/L versus 225.13±65.73×109/L,

respectively; P = 0.03, Table 4). This result was consistent with the comparison of all 233

patients above.

Disease-free survival (DFS) analysis

Regarding the 188 localized patients, 122 (65%) had a tumor size�7 cm, 172 (91%) had a

tumor stage at T2, and 45 (22.8%) had a good response after neoadjuvant chemotherapy.

The median DFS was statistically significantly longer with a good response (over 60 months

with a good response versus 15 months with a poor response; P = 0.0028, Fig 1A) and tumor

size (42 months with <7 cm versus 17 months with�7 cm; P = 0.0339, Fig 1C), but not with

the tumor site (Fig 1B) or T stage (Fig 1D); an obvious long survival trend was shown for

the tumor site at the fibula. Although the median DFS values were 42 and 22 months in the

PLT<300×109/L and�300×109/L groups, respectively (Fig 1E), the difference was not statisti-

cally significant (P = 0.2611). No significant difference in the DFS was observed among the dif-

ferent levels of MPV (P = 0.9065, Fig 1F).

By including the pretreatment characteristics, the results of univariate and multivariate

analyses are shown in Table 5. The factor of tumor size�7 cm showed a statistically signifi-

cantly increased risk of lung metastasis in univariate analyses (Hazard Ratio, HR: 1.68, 95% CI:

1.03±2.76, P = 0.039, Table 5) but not in multivariate analyses (HR: 1.64, 95% CI: 0.99±2.71,

P = 0.053, Table 5). The levels of PLT, MPV, tumor site, T stage, age and sex showed no statisti-

cally significant influence on DFS; a shorter median DFS (22 vs 35 months) was found in local-

ized patients with PLT�300×109/L than in those with PLT<300×109/L.

Table 3. Comparison of the platelet indices of all 233 osteosarcoma patients.

N MPV (fL) PLT (×109/L) PDW (fL) PCT (%)

Sex Male 153 10.40±1.93 235.92±64.35 13.44±2.61 0.24±0.07

Female 80 10.24±1.70 238.68±78.65 12.93±2.59 0.24±0.08

Age(years) �18 130 10.35±2.01 244.79±69.85 13.03±2.65 0.25±0.08

>18 103 10.34±1.64 226.7±67.9 * 13.56±2.54 0.23±0.08

Site Femur 143 10.42±1.74 234.94±72.24 13.09±2.56 0.24±0.08

Tibia 76 10.14±2.11 244.82±63.67 13.46±2.68 0.25±0.07

Fibula 14 10.70±1.36 213.43±68.25 13.90±2.83 0.23±0.06

Metastasis Yes 45 10.09±1.79 229.63±68.07 13.69±2.33 0.23±0.08

No 188 10.41±1.87 238.60±69.83 13.16±2.67 0.25±0.07

* P = 0.048.

https://doi.org/10.1371/journal.pone.0174668.t003

Table 4. Comparison of the platelet indices of localized OS patients according to T stage and tumor size.

N MPV (fL) PLT (×109/L) PDW (fL) PCT (%)

Sex Male 126 13.23±2.73 233.75±67.76 10.47±2.00 0.24±0.07

Female 62 13.07±2.51 247.98±73.22 10.33±1.56 0.25±0.08

Age (years) �18 110 12.91±2.66 247.42±70.95 10.37±2.01 0.25±0.07

>18 78 13.48±2.65 225.13±65.73$ 10.52±1.62 0.24±0.08

T 1 16 10.60±1.38 249.31±47.97 13.61±1.84 0.27±0.06

2 172 10.40±1.90 237.44±71.44 13.14±2.72 0.24±0.08

Size (cm) <7 66 10.36±1.92 227.24±57.79 13.16±2.68 0.23±0.06

�7 122 10.46±1.84 244.51±74.94 13.19±2.66 0.25±0.08

$ P = 0.03.

https://doi.org/10.1371/journal.pone.0174668.t004
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Fig 1. Kaplan-Meier curves for DFS according to the response to neo-adjuvant chemotherapy (A), tumor site (B), tumor size (C), T stage (D), PLT (E), and

MPV (F).

https://doi.org/10.1371/journal.pone.0174668.g001
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Discussion

This article was the first to delineate the linkage of the platelet indices to disease stage and

prognosis of OS. The investigation showed no significant difference in MPV, PLT, PDW and

PCT among the different stages. A shorter but statistically insignificant median DFS was

found with a high level of PLT.

A higher platelet count or thrombocytosis contributes to cancer metastasis, in agreement

with other relevant studies [21–23]. For example, in gastric cancer, the platelet count is higher

in metastatic patients than in normal ones (335.84±154.08 vs 247.78±44.74×109/L, respec-

tively) [14] and tends to increase in advanced and node-involved tumors [24]. However, this

trend was not observed in the present investigation. The disagreement of the results might be

explained by the different origins of sarcoma and carcinoma: sarcoma arises from mesodermal

tissue, whereas carcinoma arises from epithelial tissues. Meanwhile, it should be noted that

most reports use cut-off values of 350, 400 or 450×109/L, which are much higher than those in

this study, and show that an elevated platelet count is correlated with local invasion and metas-

tasis [22, 23, 25]. In this study, there were only 2 localized OS patients with a platelet count

higher than 400×109/L, and none of the other 231 patients had a platelet count higher than

350×109/L (data were not shown). The result of the mean PLT stratified for age was consistent

with recent reports of a decrease in PLT with increasing age [26].

Tumor-derived interleukin-6 was demonstrated as an underlying mechanism of thrombo-

cytosis in cancer [22], and serum interleukin-6 levels were shown to be 2.4-fold higher in OS

than in controls [27, 28]. Moreover, a raised C-reactive protein, the downstream factor of

interleukin-6, was associated with poor local control in OS patients[29]. Therefore, it should

be inferred that thrombocytosis might be observed in OS similar to other types of cancers.

However, no evidence has shown a direct correlation between interleukin-6 and the platelet

count in osteosarcoma, indicating that additional deep investigations are needed to elucidate

this issue.

Discordant results of the relationship between MPV and different cancers were observed.

On the one hand, the MPV was larger in advanced gastric cancers, colon cancer and leukemia

Table 5. Clinical factors and their effects on disease-free survival by univariate and multivariate Cox proportional hazards regression analysis.

Characteristics No. Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Sex Male 126 1 1

Female 62 1.01 (0.63±1.62) 0.975 0.95 (0.59±1.54) 0.837

Age (years) �18 110 1 1

>18 78 0.83 (0.52±1.32) 0.429 0.83 (0.51±1.33) 0. 427

Site Femur 110 1 1

Tibia 65 0.94 (0.59±1.52) 0. 809 1.00 (0.62±1.62) 0. 994

Fibula 13 0.28 (0.068±1.16) 0.079 0.34 (0.08±1.39) 0. 132

Size (cm) <7 66 1 1

�7 122 1.68 (1.03±2.76) 0.039 1.64 (0.99±2.71) 0.053

T 1 16 1 1

2 172 1.48 (0.60±3.67) 0.394 1.53 (0.61±3.83) 0. 332

PLT (×109/L) <300 153 1 1

�300 35 1.26 (0.73±2.19) 0.410 1.13 (0.64±2.00) 0. 666

MPV (fL) <9.4 44 1 1

9.4–12.6 131 0.84 (0.50±1.41) 0.514 0.88 (0.52±1.48) 0.617

>12.6 13 0.81 (0.30±2.15) 0.668 0.83 (0.31±2.25) 0.713

https://doi.org/10.1371/journal.pone.0174668.t005
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than in normal controls, and a positive correlation between larger MPV and tumor-nodule-

metastasis (TNM) stage was found [14, 15, 30–32]. On the other hand, a smaller MPV was

found in the advanced non-small cell lung cancer (NSCLC) group than in the control group

[11], a smaller MPV (<8.50 fL) was shown to predict an unfavorable prognosis in patients

with NSCLC [11, 13], and high MPV values were associated with an improved patient survival

with cancers [33]. These diversified results revealed that platelet indices might vary according

to the different types of cancer. In this analysis, no marked difference in the mean MPV was

found, and no good cut-off value was found (data are not shown).

These results might be explained by the evidence that platelet activators in OS patients are

locally detected and that there is a different distribution between primary and metastatic

tumors. For example, 1) thrombin is one of the most important platelet activators, and the

local concentration of thrombin in the bronchoalveolar lavage fluid of 15 OS patients with

lung metastasis increased up to more than 100-fold compared with patients without lung

metastasis [34]; 2) von Willebrand factor (vWF) is also involved in platelet aggregation and

processes critical to hematogenous tumor cell metastasis to the lung, and it was shown that

vWF is expressed at higher levels in metastases than in primary tumors [35]. These lines of evi-

dence might indicate that if the tumor load consists mostly of primary tumors, platelets may

not be invoked due to insufficient activators derived from a minority of metastatic tumor cells;

by contrast, if the tumor load consists mostly of metastatic tumor cells, the platelets are very

likely activated.

Although this is the first article focusing on platelets in OS, drawbacks still exist: (1) the

overall survival was not analyzed because of the lack of sufficient data; (2) Interleukin-6, lactate

dehydrogenase, alkaline phosphatase and subtypes of OS were not considered in this analysis;

and (3) changes in the platelet indices before and after neoadjuvant chemotherapy were not

measured to better understand the relationship between these two parameters.

In conclusion, there was no remarkable difference in the platelet indices among the differ-

ent stages of OS. Although a shorter but statistically insignificant median DFS was found in

localized patients with PLT�300×109/L, there was still a lack of strong evidence to demon-

strate the association between platelet indices and osteosarcoma. The potential role of platelets

in OS remains to be investigated at a broader and deeper level to verify the possible clinical sig-

nificance of this finding.

Supporting information

S1 Dataset. Original dataset of anonymous OS patients.

(XLSX)

Acknowledgments

We thank anonymous reviewers for reading and revising the text.

Author Contributions

Conceptualization: HL.

Data curation: ZL Y. Yuan.

Formal analysis: YW WH.

Funding acquisition: ZS.

Investigation: NZ.

Lack of association between platelet and osteosarcoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0174668 April 6, 2017 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174668.s001
https://doi.org/10.1371/journal.pone.0174668


Methodology: AH.

Project administration: Y. Yao.

Resources: YS.

Supervision: Y. Yao.

Validation: HL.

Visualization: HL.

Writing – original draft: HL.

Writing – review & editing: HL.

References
1. Picci P. Osteosarcoma (osteogenic sarcoma). Orphanet journal of rare diseases. 2007; 2:6. https://doi.

org/10.1186/1750-1172-2-6 PMID: 17244349

2. Meyers PA, Gorlick R. Osteosarcoma. Pediatr Clin North Am. 1997; 44(4):973–89 PMID: 9286295

3. Bacci G, Longhi A, Versari M, Mercuri M, Briccoli A, Picci P. Prognostic factors for osteosarcoma of the

extremity treated with neoadjuvant chemotherapy: 15-year experience in 789 patients treated at a sin-

gle institution. Cancer. 2006; 106(5):1154–61. https://doi.org/10.1002/cncr.21724 PMID: 16421923

4. Link MP, Goorin AM, Miser AW, Green AA, Pratt CB, Belasco JB, et al. The effect of adjuvant chemo-

therapy on relapse-free survival in patients with osteosarcoma of the extremity. N Engl J Med. 1986;

314(25):1600–6. https://doi.org/10.1056/NEJM198606193142502 PMID: 3520317

5. Luetke A, Meyers PA, Lewis I, Juergens H. Osteosarcoma treatment—where do we stand? A state of

the art review. Cancer treatment reviews. 2014; 40(4):523–32. https://doi.org/10.1016/j.ctrv.2013.11.

006 PMID: 24345772

6. Kager L, Zoubek A, Potschger U, Kastner U, Flege S, Kempf-Bielack B, et al. Primary metastatic osteo-

sarcoma: presentation and outcome of patients treated on neoadjuvant Cooperative Osteosarcoma

Study Group protocols. Journal of clinical oncology: official journal of the American Society of Clinical

Oncology. 2003; 21(10):2011–8.

7. Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al. Prognostic factors in high-

grade osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated on neoadjuvant

cooperative osteosarcoma study group protocols. Journal of clinical oncology: official journal of the

American Society of Clinical Oncology. 2002; 20(3):776–90

8. Aksoy S, Kilickap S, Hayran M, Harputluoglu H, Koca E, Dede DS, et al. Platelet size has diagnostic

predictive value for bone marrow metastasis in patients with solid tumors. International journal of labora-

tory hematology. 2008; 30(3):214–9. https://doi.org/10.1111/j.1751-553X.2007.00947.x PMID:

18479300

9. Cho SY, Yang JJ, You E, Kim BH, Shim J, Lee HJ, et al. Mean platelet volume/platelet count ratio in

hepatocellular carcinoma. Platelets. 2013; 24(5):375–7. https://doi.org/10.3109/09537104.2012.

701028 PMID: 22835043

10. Gu M, Zhai Z, Huang L, Zheng W, Zhou Y, Zhu R, et al. Pre-treatment mean platelet volume associates

with worse clinicopathologic features and prognosis of patients with invasive breast cancer. Breast can-

cer. 2015.

11. Inagaki N, Kibata K, Tamaki T, Shimizu T, Nomura S. Prognostic impact of the mean platelet volume/

platelet count ratio in terms of survival in advanced non-small cell lung cancer. Lung cancer. 2014; 83

(1):97–101. https://doi.org/10.1016/j.lungcan.2013.08.020 PMID: 24189108

12. Kebapcilar L, Taner CE, Kebapcilar AG, Sari I. High mean platelet volume, low-grade systemic coagula-

tion and fibrinolytic activation are associated with androgen and insulin levels in polycystic ovary syn-

drome. Archives of gynecology and obstetrics. 2009; 280(2):187–93. https://doi.org/10.1007/s00404-

008-0884-0 PMID: 19107500

13. Kumagai S, Tokuno J, Ueda Y, Marumo S, Shoji T, Nishimura T, et al. Prognostic significance of preop-

erative mean platelet volume in resected non-small-cell lung cancer. Molecular and clinical oncology.

2015; 3(1):197–201. https://doi.org/10.3892/mco.2014.436 PMID: 25469294

14. Matowicka-Karna J, Kamocki Z, Polinska B, Osada J, Kemona H. Platelets and inflammatory markers

in patients with gastric cancer. Clinical & developmental immunology. 2013; 2013:401623.

Lack of association between platelet and osteosarcoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0174668 April 6, 2017 8 / 9

https://doi.org/10.1186/1750-1172-2-6
https://doi.org/10.1186/1750-1172-2-6
http://www.ncbi.nlm.nih.gov/pubmed/17244349
http://www.ncbi.nlm.nih.gov/pubmed/9286295
https://doi.org/10.1002/cncr.21724
http://www.ncbi.nlm.nih.gov/pubmed/16421923
https://doi.org/10.1056/NEJM198606193142502
http://www.ncbi.nlm.nih.gov/pubmed/3520317
https://doi.org/10.1016/j.ctrv.2013.11.006
https://doi.org/10.1016/j.ctrv.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24345772
https://doi.org/10.1111/j.1751-553X.2007.00947.x
http://www.ncbi.nlm.nih.gov/pubmed/18479300
https://doi.org/10.3109/09537104.2012.701028
https://doi.org/10.3109/09537104.2012.701028
http://www.ncbi.nlm.nih.gov/pubmed/22835043
https://doi.org/10.1016/j.lungcan.2013.08.020
http://www.ncbi.nlm.nih.gov/pubmed/24189108
https://doi.org/10.1007/s00404-008-0884-0
https://doi.org/10.1007/s00404-008-0884-0
http://www.ncbi.nlm.nih.gov/pubmed/19107500
https://doi.org/10.3892/mco.2014.436
http://www.ncbi.nlm.nih.gov/pubmed/25469294
https://doi.org/10.1371/journal.pone.0174668


15. Osada J, Rusak M, Kamocki Z, Dabrowska MI, Kedra B. Platelet activation in patients with advanced

gastric cancer. Neoplasma. 2010; 57(2):145–50 PMID: 20099978

16. Franco AT, Corken A, Ware J. Platelets at the interface of thrombosis, inflammation, and cancer. Blood.

2015; 126(5):582–8. https://doi.org/10.1182/blood-2014-08-531582 PMID: 26109205

17. Takagi S, Takemoto A, Takami M, Oh-Hara T, Fujita N. Platelets promote osteosarcoma cell growth

through activation of the platelet-derived growth factor receptor-Akt signaling axis. Cancer science.

2014; 105(8):983–8. https://doi.org/10.1111/cas.12464 PMID: 24974736

18. Sulzbacher I, Birner P, Trieb K, Traxler M, Lang S, Chott A. Expression of platelet-derived growth fac-

tor-AA is associated with tumor progression in osteosarcoma. Modern pathology: an official journal of

the United States and Canadian Academy of Pathology, Inc. 2003; 16(1):66–71.

19. Thompson CB, Jakubowski JA. The pathophysiology and clinical relevance of platelet heterogeneity.

Blood. 1988; 72(1):1–8 PMID: 3291975

20. Nash GF, Turner LF, Scully MF, Kakkar AK. Platelets and cancer. The Lancet Oncology. 2002; 3

(7):425–30 PMID: 12142172

21. Gay LJ, Felding-Habermann B. Contribution of platelets to tumour metastasis. Nature reviews Cancer.

2011; 11(2):123–34. https://doi.org/10.1038/nrc3004 PMID: 21258396

22. Stone RL, Nick AM, McNeish IA, Balkwill F, Han HD, Bottsford-Miller J, et al. Paraneoplastic thrombocy-

tosis in ovarian cancer. N Engl J Med. 2012; 366(7):610–8. https://doi.org/10.1056/NEJMoa1110352

PMID: 22335738

23. Maraz A, Furak J, Varga Z, Kahan Z, Tiszlavicz L, Hideghety K. Thrombocytosis has a negative prog-

nostic value in lung cancer. Anticancer research. 2013; 33(4):1725–9 PMID: 23564823

24. Heras P, Hatzopoulos A, Kritikos N, Kritikos K. Platelet count and tumor progression in gastric cancer

patients. Scandinavian journal of gastroenterology. 2010; 45(7–8):1005–6. https://doi.org/10.3109/

00365521003797221 PMID: 20377467

25. Shimada H, Takiguchi N, Kainuma O, Soda H, Ikeda A, Cho A, et al. High preoperative neutrophil-lym-

phocyte ratio predicts poor survival in patients with gastric cancer. Gastric cancer: official journal of the

International Gastric Cancer Association and the Japanese Gastric Cancer Association. 2010; 13

(3):170–6.

26. Vazquez-Santiago M, Ziyatdinov A, Pujol-Moix N, Brunel H, Morera A, Soria JM, et al. Age and gender

effects on 15 platelet phenotypes in a Spanish population. Computers in biology and medicine. 2016;

69:226–33. https://doi.org/10.1016/j.compbiomed.2015.12.023 PMID: 26773944

27. Rutkowski P, Kaminska J, Kowalska M, Ruka W, Steffen J. Cytokine and cytokine receptor serum levels

in adult bone sarcoma patients: correlations with local tumor extent and prognosis. Journal of surgical

oncology. 2003; 84(3):151–9. https://doi.org/10.1002/jso.10305 PMID: 14598359

28. Xiao H, Chen L, Luo G, Son H, Prectoni JH, Zheng W. Effect of the cytokine levels in serum on osteo-

sarcoma. Tumour biology: the journal of the International Society for Oncodevelopmental Biology and

Medicine. 2014; 35(2):1023–8.

29. Nakamura T, Grimer RJ, Gaston CL, Watanuki M, Sudo A, Jeys L. The prognostic value of the serum

level of C-reactive protein for the survival of patients with a primary sarcoma of bone. The bone & joint

journal. 2013; 95-B(3):411–8.

30. Alsweedan SA, Al-Shurman A, Mahmoud AS. Diagnostic value of platelet indices in children with leuke-

mia. Journal of pediatric hematology/oncology. 2008; 30(12):953–5. https://doi.org/10.1097/MPH.

0b013e318182e7a9 PMID: 19131790

31. Li JY, Li Y, Jiang Z, Wang RT, Wang XS. Elevated mean platelet volume is associated with presence of

colon cancer. Asian Pacific journal of cancer prevention: APJCP. 2014; 15(23):10501–4 PMID:

25556499

32. Kilincalp S, Ekiz F, Basar O, Ayte MR, Coban S, Yilmaz B, et al. Mean platelet volume could be possible

biomarker in early diagnosis and monitoring of gastric cancer. Platelets. 2014; 25(8):592–4. https://doi.

org/10.3109/09537104.2013.783689 PMID: 23537073

33. Riedl J, Kaider A, Reitter EM, Marosi C, Jager U, Schwarzinger I, et al. Association of mean platelet vol-

ume with risk of venous thromboembolism and mortality in patients with cancer. Results from the

Vienna Cancer and Thrombosis Study (CATS). Thrombosis and haemostasis. 2014; 111(4):670–8.

https://doi.org/10.1160/TH13-07-0603 PMID: 24306221

34. Hernandez-Rodriguez NA, Correa E, Sotelo R, Gomez-Ruiz C, Contreras-Paredes A, Green L. Throm-

bin is present in the lungs of patients with primary extremity osteosarcoma and pulmonary metastases.

The International journal of biological markers. 2002; 17(3):189–95 PMID: 12408470

35. Eppert K, Wunder JS, Aneliunas V, Kandel R, Andrulis IL. von Willebrand factor expression in osteosar-

coma metastasis. Modern pathology: an official journal of the United States and Canadian Academy of

Pathology, Inc. 2005; 18(3):388–97.

Lack of association between platelet and osteosarcoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0174668 April 6, 2017 9 / 9

http://www.ncbi.nlm.nih.gov/pubmed/20099978
https://doi.org/10.1182/blood-2014-08-531582
http://www.ncbi.nlm.nih.gov/pubmed/26109205
https://doi.org/10.1111/cas.12464
http://www.ncbi.nlm.nih.gov/pubmed/24974736
http://www.ncbi.nlm.nih.gov/pubmed/3291975
http://www.ncbi.nlm.nih.gov/pubmed/12142172
https://doi.org/10.1038/nrc3004
http://www.ncbi.nlm.nih.gov/pubmed/21258396
https://doi.org/10.1056/NEJMoa1110352
http://www.ncbi.nlm.nih.gov/pubmed/22335738
http://www.ncbi.nlm.nih.gov/pubmed/23564823
https://doi.org/10.3109/00365521003797221
https://doi.org/10.3109/00365521003797221
http://www.ncbi.nlm.nih.gov/pubmed/20377467
https://doi.org/10.1016/j.compbiomed.2015.12.023
http://www.ncbi.nlm.nih.gov/pubmed/26773944
https://doi.org/10.1002/jso.10305
http://www.ncbi.nlm.nih.gov/pubmed/14598359
https://doi.org/10.1097/MPH.0b013e318182e7a9
https://doi.org/10.1097/MPH.0b013e318182e7a9
http://www.ncbi.nlm.nih.gov/pubmed/19131790
http://www.ncbi.nlm.nih.gov/pubmed/25556499
https://doi.org/10.3109/09537104.2013.783689
https://doi.org/10.3109/09537104.2013.783689
http://www.ncbi.nlm.nih.gov/pubmed/23537073
https://doi.org/10.1160/TH13-07-0603
http://www.ncbi.nlm.nih.gov/pubmed/24306221
http://www.ncbi.nlm.nih.gov/pubmed/12408470
https://doi.org/10.1371/journal.pone.0174668

