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ABSTRACT
Activated platelets are involved in cancer development and progression. Mean 

platelet volume (MPV) and platelet distribution width (PDW) are early indexes of 
platelet activation. The objectives of this study were to investigate the ability of 
MPV, PDW and carcinoembryonic antigen (CEA) individually or in combination, to 
distinguish between gastric cancer and gastric ulcer. The study involved 194 patients 
with gastric cancer, 191 patients with gastric ulcer, and 185 control subjects. Subjects’ 
characteristics and hematologic tests data at initial diagnosis were collected. We found 
that MPV levels are significantly increased and PDW levels are significantly reduced 
in patients with gastric ulcer and in control subjects compared with those in gastric 
cancer. When the area under the curve (AUC) was used to analyze control subjects 
versus gastric cancer, the combination of PDW and CEA exhibited a significantly larger 
AUC of 0.939 (0.910-0.961) compared with the combination of MPV and CEA (p = 
0.0045). When AUC was used to analyze gastric ulcer versus gastric cancer, PDW 
alone had the high specificity (98.5%) and high sensitivity (97.4%). In conclusion, 
combined use of MPV, PDW and CEA can accurately distinguish gastric cancer from 
gastric ulcer and controls. Further studies in larger samples are warranted.

INTRODUCTION

Gastric ulcer is positively associated with the risk 
of developing gastric cancer [1]. Moreover, clinical 
symptoms of early gastric cancer could not be used 
to distinguish gastric cancer from ulcers. Although 
endoscopy test offers high diagnostic accuracy, it is 
inconvenient and could lead to additional complications. 
Therefore, additional markers to distinguish early gastric 
cancer from ulcers are necessary.

Activated platelets are involved in cancer 
progression and metastases [2, 3]. Mean platelet volume 
(MPV) is a marker of activated platelets and is associated 
with gastric cancer, ovarian cancer, lung cancer, colon 
cancer, and breast cancer [4-8]. Platelet distribution 
width (PDW), another platelet index, indicates variation 
in platelet size [9]. Carcinoembryonic antigen (CEA) 
has been widely used as a diagnostic, screening, and 
monitoring marker in clinical practice. However, CEA 
lacks high sensitivity and specificity. 
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Therefore, the objective of this study was to 
investigate the ability of MPV, PDW and CEA individually 
or in combination, to distinguish between gastric cancer 
and gastric ulcer.

RESULTS

The characteristics of the patients with gastric cancer 
and gastric ulcer and control subjects are demonstrated 
in Table 1. One-way ANOVA analysis indicated a 
significant group difference in CEA, platelet count, MPV, 
PDW, and haemoglobin levels. However, there are no 
markedly difference in age, BMI, white blood cell, and 
the percentage of male and current smokers among three 
groups. 

MPV and PDW levels in gastric cancer, gastric 
ulcer, and control group are shown in Figure 1 and Figure 
2. MPV levels were increased both in control group and 
in ulcer group compared to those in cancer group (control 
vs. cancer, p < 0.001; ulcer vs. cancer, p < 0.001, post hoc 
Tukey test). Furthermore, MPV levels of patients with 
gastric ulcer were higher compared to those of control 
subjects (p = 0.015, post hoc Tukey test). However, PDW 
levels were reduced both in control group and in ulcer 
group compared to those in cancer group (control vs. 
cancer, p < 0.001; ulcer vs. cancer, p < 0.001, post hoc 
Tukey test). Moreover, PDW levels of patients with gastric 
ulcer were lower compared to those of control subjects (p 
< 0.001, post hoc Tukey test).

Correlations between clinicopathological features 
and pre-operative MPV and PDW in gastric cancer are 
shown in Table 2. There were no significant differences in 
MPV and PDW among different serosa invasion, lymph 
node metastasis, distant metastasis, histological grade, and 
stage. PDW showed a difference in tumor size. However, 
MPV showed no difference in different tumor size group.

ROC analysis was used to assess the AUC for single 
biomarkers and the combination of two (Table 3 and 

Table 4). When used to analyze control subjects versus 
gastric cancer, CEA, MPV, and PDW alone had the high 
specificity (82.7%-87.6%) and low sensitivity (71.7%-
77.3%). The specificity elevated and sensitivity did not 
changed when the combination of MPV and CEA were 
applied. Moreover, the combination of PDW and CEA 
exhibited a significantly larger AUC of 0.939 (0.910-
0.961) compared with the combination of MPV and CEA 
(p = 0.0045) (Figure 3). When used to analyze gastric ulcer 
versus gastric cancer, PDW alone had the high specificity 
(98.5%) and high sensitivity (97.4%). The specificity 
and sensitivity did not changed when the combination of 
PDW and CEA were applied. Moreover, PDW exhibited a 
significantly larger AUC of 0.996 (0.984-1.000) compared 
with the combination of MPV and CEA (p < 0.0001) 
(Figure 4). 

DISCUSSION

In this study, we found that MPV levels are 
significantly increased and PDW levels are significantly 
reduced in patients with gastric ulcer and in control 
subjects compared with gastric cancer. Furthermore, 
combined detection of MPV, PDW and CEA is valuable 
in differentiating gastric cancer from gastric ulcer and 
controls.

Accumulating evidence revealed that platelet 
activation during cancer promotes disease progression. 
Several clinical studies have found the changed biomarkers 
of platelet activation, such as soluble P-selectin, CD40 
ligand, and β-thromboglobulin in cancer [10-12]. Further 
study demonstrated that tumors could promote platelet 
production and activation by interleukin (IL)-6 pathway 
[13]. Consistent to previous findings, our study indirectly 
confirmed the results using a simple indicator of platelet 
activation. These data are also in line with the current 
knowledge that anti-platelet is considered to be a part of 
cancer adjuvant therapy [14]. 

Figure 1: MPV levels in gastric cancer, gastric ulcer, 
and control group.

Figure 2: PDW levels in gastric cancer, gastric ulcer, 
and control group.
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The reasons for changes of MPV and PDW 
in gastric ulcer and gastric cancer are unclear. Bone 
marrow cells (including megakaryocytes) dys-regulation 
plays a key role. Platelet volume is determined both 
during megakaryopoiesis and during thrombopoiesis. 
Megakaryocytic maturation, platelet production and 
platelet size could be regulated by cytokines, such as 
IL-6, granulocytes colony stimulating factor (G-CSF) 
and macrophage colony stimulating factor (M-CSF) 

[15]. Considerable evidence suggests that IL-6 promotes 
tumorigenesis by regulating apoptosis, survival, 
angiogenesis, metastasis and metabolism [16]. In addition, 
megakaryopoiesis and subsequent thrombopoiesis in 
cancer may be stimulated by G-CSF and M-CSF, which 
could be secreted by tumor cells [17]. 

MPV was an early index of activated platelets. 
Increased MPV in gastric ulcer may be due to enhanced 
chronic inflammation and reduced MPV in gastric 

Table 1: Clinical and laboratory characteristics of the participants.

Data are presented as means (SD) or median (interquartile range) or percentage. BMI, body mass index; CEA, 
carcinoembryonic antigen; WBC, white blood cells; MPV, mean platelet volume; PDW, platelet distribution width. P-value 
was calculated by one-way ANOVA test or KruskaleWallis H test or chi-square test. A indicates a significant difference (p < 
0.05) by comparison of controls and gastric ulcer using post hoc Tukey test or Mann-Whitney U test. B indicates a significant 
difference (p < 0.05) by comparison of gastric ulcer and gastric cancer using post hoc Tukey test or Mann-Whitney U test. C 
indicates a significant difference (p < 0.05) by comparison of controls and gastric cancer using post hoc Tukey test or Mann-
Whitney U test.

Figure 3: Receiver-Operator Characteristics (ROC) 
curve for MPV, PDW, and CEA combined showing 
sensitivity and 1-specificity of the differential diagnosis 
of gastric cancer versus controls. 

Figure 4: Receiver-Operator Characteristics (ROC) 
curve for MPV, PDW, and CEA combined showing 
sensitivity and 1-specificity of the differential diagnosis 
of gastric cancer versus gastric ulcer.
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cancer was regarded as an increased consumption of 
large platelets [18]. Furthermore, MPV was positively 
associated with levels of thrombopoietin and IL-6, 
cytokines that regulate megakaryocyte ploidy [19, 20]. 
A report observed that MPV levels were increased in 

patients with gastric cancer compared with those in 
control subjects [21]. The result was not consistent to our 
findings. The discrepancies may be attributed to different 
sample sizes, dissimilar populations, and the variability 
of measurement methods. PDW is a measure of platelet 

Table 2: Correlations between clinicopathological features and pre-operative MPV and PDW in gastric cancer.

Values are shown as mean (standard deviation). MPV, mean platelet volume; PDW, platelet distribution width.

Table 3: Receiver operating characteristic curve analyses showing the utility of alone or combined markers for 
differentiating of controls and gastric cancer.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve; CEA, carcinoembryonic 
antigen; MPV, mean platelet volume; PDW, platelet distribution width.
Table 4: Receiver operating characteristic curve analyses showing the utility of alone or combined markers for 
differentiating of gastric ulcer and gastric cancer.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve; CEA, carcinoembryonic 
antigen; MPV, mean platelet volume; PDW, platelet distribution width.
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heterogeneity. The heterogeneity in platelet volume is 
caused by heterogeneous demarcation of megakaryocytes 
[22]. However, the exact mechanism of changed PDW in 
gastric cancer still needs to be elucidated. 

Compared to MPV, PDW or CEA alone, we found 
that PDW combined with CEA had high sensitivity and 
specificity. Therefore, it is helpful for early detection and 
early diagnosis of gastric cancer in asymptomatic patients 
or in patients with gastric ulcer.

Some limitations of the present study must be 
mentioned. First, the study was conducted in a single 
center. Second, a mechanistic explanation for our 
results is not provided by our data and further study is 
needed. Third, because the study includes only Chinese 
participants, the results cannot be generalized.

In conclusion, combined use of MPV, PDW and 
CEA can accurately distinguish gastric cancer from gastric 
ulcer and controls.

MATERIALS AND METHODS

Study population

The study involved 194 patients with gastric cancer 
(mean age 54.7 ± 9.7 years, range 28-77 years), 191 
subjects with gastric ulcer (mean age 54.9 ± 5.2 years, 
range 35-71 years), and 185 control subjects (mean age 
56.6 ± 3.7 years, range 50-72 years) from January 2014 
to June 2014. The patients were recruited from clinic in 
the Third Affiliated Hospital and the control subjects were 
recruited from the check-up center in the Second Affiliated 
Hospital, Harbin Medical University. Control subjects 
were matched for age, gender, body mass index (BMI), 
and smoking status. Patients meeting all of the following 
requirements were included: (1) undergone complete 
surgical resection and diagnosis of gastric cancer was 
confirmed by histology; (2) untreated before diagnosis; 
(3) measurement of CEA before surgery. To be eligible, 
participants must not have reported any of the following: 
gastroduodenal diseases, hematological disorders, 
autoimmune diseases, systemic inflammatory diseases, 
coronary artery disease, hypertension, diabetes mellitus, 
thyroid disease, renal disease, hepatic disorder and other 
cancer, and medical treatment with anticoagulant, statins, 
and acetylic salicylic acid. Subjects gave written informed 
consent before the beginning of the study. The patients 
with gastric ulcer underwent upper digestive endoscopy 
with gastric biopsy. Tumors were classified according 
to the 7th edition of the AJCC/TNM tumor staging. The 
study protocol was approved by the Institutional Review 
Board of the Second and the Third Affiliated Hospital of 
Harbin Medical University.

Clinical examination and biochemical 
measurements

All subjects completed a health-related questionnaire 
and underwent a detailed physical examination. Recorded 
information included smoking status, medical history 
and medication use for each subject. BMI was defined 
as weight divided by height in meters squared. A venous 
blood sample was collected from each participant under 
fasting conditions. The serum carcinoembryonic antigen 
(CEA) was assayed using an automatic electrochemistry 
luminescence immunoassay system (ROCHE cobas 
8000; Roche, Germany). White blood cell (WBC), 
haemoglobin, and platelet indices were measured by an 
autoanalyzer (Sysmex XE-2100, Kobe, Japan). The whole 
blood samples were collected in EDTA-containing tubes, 
and all samples were processed within 30 minutes after 
blood collection. The inter- and intra-assays coefficients of 
variation (CVs) of all these assays were below 5%.

Statistical analyses

The descriptive statistics are presented as means 
± SD or medians (interquartile range) for continuous 
variables and percentages of the number for categorical 
variables. When baseline characteristics between two 
groups were compared, normally distributed continuous 
variables were compared with the Student t test and 
skewed-distributed with the Mann-Whitney U test. 
When baseline characteristics among three groups were 
compared, normally distributed continuous variables 
were compared with the one-way ANOVA and skewed-
distributed with Kruskal-Wallis H test. The Chi-square 
test was used for categorical variables. Statistical analyses 
were carried out using SPSS Statistics version 22.0 (SPSS 
Inc., Chicago, IL, USA). Receiver-operating characteristic 
curves were used to define sensitivity and specificity, and 
the differences in the area under the curve (AUC) were 
detected by using MedCalc version 15.0. A p value < 0.05 
was considered as statistically significant.

CONFLICTS OF INTEREST

The authors declare no conflict of interest. 

GRANT SUPPORT

This work was supported financially by grants from 
the Harbin special fund for scientific and technological 
innovation talents (RC2016XK004068).



Oncotarget62605www.impactjournals.com/oncotarget

REFERENCES

1. Huang WL, Li YG, Lv YC, Guan XH, Ji HF, Chi BR. Use 
of lectin microarray to differentiate gastric cancer from 
gastric ulcer. World J Gastroenterol. 2014;20:5474-82.

2. Bambace NM, Holmes CE. The platelet contribution to 
cancer progression. J Thromb Haemost. 2011;9:237-49.

3. Goubran HA, Stakiw J, Radosevic M, Burnouf T. Platelet-
cancer interactions. Semin Thromb Hemost. 2014;40:296-
305.

4. Kilincalp S, Ekiz F, Basar O, Ayte MR, Coban S, Yilmaz 
B, Altinbas A, Basar N, Aktas B, Tuna Y, Erbis H, Ucar E, 
Erarslan E, et al. Mean platelet volume could be possible 
biomarker in early diagnosis and monitoring of gastric 
cancer. Platelets. 2014;25:592-4.

5. Kemal Y, Demirag G, Ekiz K, Yucel I. Mean platelet 
volume could be a useful biomarker for monitoring 
epithelial ovarian cancer. J Obstet Gynaecol. 2014;34:515-
8.

6. Kumagai S, Tokuno J, Ueda Y, Marumo S, Shoji T, 
Nishimura T, Fukui M, Huang CL. Prognostic significance 
of preoperative mean platelet volume in resected non-small-
cell lung cancer. Mol Clin Oncol. 2015;3:197-201.

7. Li JY, Li Y, Jiang Z, Wang RT, Wang XS. Elevated mean 
platelet volume is associated with presence of colon cancer. 
Asian Pac J Cancer Prev. 2014;15:10501-4.

8. Gu M, Zhai Z, Huang L, Zheng W, Zhou Y, Zhu R, Shen F, 
Yuan C. Pre-treatment mean platelet volume associates with 
worse clinicopathologic features and prognosis of patients 
with invasive breast cancer. Breast Cancer. 2015;23:752-60.

9. Kaito K, Otsubo H, Usui N, Yoshida M, Tanno J, Kurihara 
E, Matsumoto K, Hirata R, Domitsu K, Kobayashi M. 
Platelet size deviation width, platelet large cell ratio, 
and mean platelet volume have sufficient sensitivity and 
specificity in the diagnosis of immune thrombocytopenia. 
Br J Haematol. 2005;128:698-702.

10. Blann AD, Gurney D, Wadley M, Bareford D, Stonelake 
P, Lip GY. Increased soluble P-selectin in patients with 
haematological and breast cancer: a comparison with 
fibrinogen, plasminogen activator inhibitor and von 
Willebrand factor. Blood Coagul Fibrinolysis. 2001;12:43-
50.

11. Huang J, Jochems C, Talaie T, Anderson A, Jales A, 
Tsang KY, Madan RA, Gulley JL, Schlom J. Elevated 
serum soluble CD40 ligand in cancer patients may play an 
immunosuppressive role. Blood. 2012;120:3030-8.

12. Benedetti PP, Scambia G, Massidda B, Chessa P, 
Tarquini A, Mancuso S. Elevated plasma levels of beta-
thromboglobulin in breast cancer. Oncology (Williston 
Park). 1986;43:208-11.

13. Lin RJ, Afshar-Kharghan V, Schafer AI. Paraneoplastic 
thrombocytosis: the secrets of tumor self-promotion. Blood. 
2014;124:184-7.

14. Mezouar S, Frere C, Darbousset R, Mege D, Crescence 
L, Dignat-George F, Panicot-Dubois L, Dubois C. Role 
of platelets in cancer and cancer-associated thrombosis: 
Experimental and clinical evidences. Thromb Res. 
2016;139:65-76.

15. Kaushansky K. Growth factors and hematopoietic cell 
fate. A new feature: controversies in hematology. Blood. 
1998;92:345-4.

16. Kumari N, Dwarakanath BS, Das A, Bhatt AN. Role 
of interleukin-6 in cancer progression and therapeutic 
resistance. Tumour Biol. 2016;37:11553-72.

17. Kowanetz M, Wu X, Lee J, Tan M, Hagenbeek T, Qu X, 
Yu L, Ross J, Korsisaari N, Cao T, Bou-Reslan H, Kallop 
D, Weimer R, et al. Granulocyte-colony stimulating 
factor promotes lung metastasis through mobilization of 
Ly6G+Ly6C+ granulocytes. Proc Natl Acad Sci U S A. 
2010;107:21248-55.

18. Kapsoritakis AN, Koukourakis MI, Sfiridaki A, Potamianos 
SP, Kosmadaki MG, Koutroubakis IE, Kouroumalis EA. 
Mean platelet volume: a useful marker of inflammatory 
bowel disease activity. Am J Gastroenterol. 2001;96:776-
81.

19. Brown AS, Hong Y, de Belder A, Beacon H, Beeso J, 
Sherwood R, Edmonds M, Martin JF, Erusalimsky JD. 
Megakaryocyte ploidy and platelet changes in human 
diabetes and atherosclerosis. Arterioscler Thromb Vasc 
Biol. 1997;17:802-7.

20. Martin JF, Trowbridge EA, Salmon G, Plumb J. The 
biological significance of platelet volume: its relationship 
to bleeding time, platelet thromboxane B2 production and 
megakaryocyte nuclear DNA concentration. Thromb Res. 
1983;32:443-60.

21. Kilincalp S, Ekiz F, Basar O, Ayte MR, Coban S, Yilmaz 
B, Altinbas A, Basar N, Aktas B, Tuna Y, Erbis H, Ucar E, 
Erarslan E, et al. Mean platelet volume could be possible 
biomarker in early diagnosis and monitoring of gastric 
cancer. Platelets. 2014;25:592-4.

22. Paulus JM. Recent advances in the story of megakaryocyte 
physiology. Pathol Biol (Paris). 1981;29:133-5.


