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Abstract

Background: Patients who have malignancy have an increased risk 
of thromboembolism. Thromboembolic events occur in 4-20% of 
cancer patients. Mean platelet volume (MPV) is a machine-calcu-
lated measurement of platelet size from the blood that is usually 
reported in the blood tests as part of the CBC. In this study, we 
aimed to determine whether there is any relationship between MPV 
and DVT in cancer patients.

Methods: Outpatient oncology clinic records were searched be-
tween the period of 2006 and 2012 and 77 cancer patients with 
acute DVT were enrolled into the study.

Results: There were no statistically significant differences between 
the groups with regard to the age, gender, and laboratory parameters 
except MPV. MPV values were significantly higher in patients with 
DVT (8.6 ± 1.3 vs 7.7 ± 0.7, P < 0.001). The most common cancer 
types were colorectal, gynecologic and breast cancer in DVT pa-
tients. In the DVT group 46% of cancer was adenocarcinoma.

Conclusion: We have shown that MPV was significantly elevated 
in cancer patients with DVT compared to the cancer patients with-
out DVT. Chemotherapy is one of the major risk factor for DVT in 
cancer patients. Chemotherapy regimens may increase MPV and 
so might trigger thromboembolism in cancer patients. Being meta-
static or nonmetastatic is not a risk factor for increased MPV.
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Introduction

Patients who have malignancy have an increased risk of 
thromboembolism. Furthermore, thromboembolism can be 
the first manifestation of cancer and is associated with a high 
rate of morbidity and mortality. Thromboembolic events oc-
cur in 4-20% of cancer patients and 50% of cancer patients 
had thrombosis in autopsy series. It is the second cause of 
mortality in cancer patients after the infections [1-6]. Near-
ly 50% of the events have no obvious predisposing factors 
while surgery, hospitalization, immobilization, malignancy, 
trauma, pregnancy, medications, and inherited thrombophil-
ia are the associated factors in the rest [7, 8].

Platelets in circulation differ greatly in size and hemo-
static potential. Mean platelet volume (MPV) is a machine-
calculated measurement of platelet size from the blood that 
is usually reported in the blood tests as part of the CBC. In 
addition, it has been shown that MPV is the most accurate 
measure of the size of platelets in stable conditions and in-
versely associated with platelet count. In comparison to 
smaller platelets, greater platelets contain more granules and 
produce greater amounts of prothrombotic factors, such as 
thromboxane A2 and serotonin, and they are aggregate rap-
idly under a stimulus and express a greater number of adhe-
sion molecules, such as P-selectin and glycoprotein IIb/IIIa 
[9-15]. Increased MPV is associated with platelet reactivity 
and shortened bleeding time [7]. All of these findings guide 
us larger platelets have a greater risk for thrombosis and are 
more active than smaller platelets that are more frequently 
observed in stable conditions [16].

Venous thromboembolism (VTE) incidence rates in 
cancer patients differ remarkably, depending on tumor site, 
stage and treatment. Some of the studies focused on possible 
risk factors like co-morbidities, immobilization or treatment 
associated factors such as surgery, chemotherapy (CHT), 
hormone therapy and venous catheters. Having the large 
number of studies about the clinical risk factors, only limited 
data have been published for laboratory parameters with a 
predictive value for the risk of VTE in cancer patients [1, 17-
20]. When we reviewed the lliterature, we could not find any 
single study about the relationship between MPV and Deep-
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Vein Thrombosis (DVT) in cancer patients. So we decided to 
conduct this study to determine whether there is any relation-
ship between MPV and DVT in cancer patients.

 
Patients and Methods

   
This is a retrospective study and ethical approval was ob-
tained from the local ethical committee of Karaelmas Uni-
versity, Zonguldak, Turkey. Outpatient oncology clinic 
medical records were searched between the period of 2006 
and 2012 and patients with diagnosis of acute DVT were en-
rolled into the study. The study group consisted of 77 can-
cer patients with acute DVT (31 male and 46 female, mean 
age 60.7 ± 10.9 years), and the control group consisted of 
age and gender matched 45 cancer patients without DVT 
(19 males and 26 females, mean age 62.5 ± 12.0 years). All 
patients and controls had clinical examination, biochemical 
measurements, and ultrasonographic examination for DVT. 
Exclusion criterias were; using an anticoagulant agent for 
DVT prophylaxis, history of a recent surgery or hospitaliza-
tion for palliative care, use of any medication for hyperlip-
idemia, and the presence of hypertension, diabetes mellitus, 
cerebrovascular event or coronary heart disease. In the con-
trol group DVT was excluded by physical examination and 
radiological investigations.

Biochemical measurements

Blood samples were taken from the antecubital vein with a 
21 guage sterile needle at 8.00 - 10.00 am after an overnight 
fast. All samples were taken on the first day of diagnosis of 
DVT. MPV was measured in blood samples collected in di-
potassium EDTA tube within 90 minutes following puncture.

Statistical analysis

All statistical analyses were conducted by using the SPSS 
18.0 statistical software program (SPSS, Chicago, IL). Con-
tinuous variables were presented as mean ± standart de-
viation and categoric variables as percentages. Data with 
normal distribution were analyzed using unpaired t test. 
Mann-Whitney U test was used for analyzing nonnormally 
distributed data. Categorical variables were compared with 
the chi-square test. A cut off value of MPV was calculated 
with roc curve analysis. Correlations were studied using 
Pearson’s correlation test. P values under the 0.05 were con-
sidered as statistically significant.

 
Results

  
Clinical and laboratory findings of the patients with DVT 

Table 1. Comparison of the General Characteristics of Patients With DTV and Controls

BMI: Body mass index; WBC:White blood cell; MPV: Mean platelet volume.

DVT (n = 77)
SD/IR

Control (n = 45)
SD/IR P Value

Age, years 60.7 ± 10.9 62.5 ± 12.0 0.3

BMI 23.3 ± 3 23.9 ± 3 0.3

Gender (Male/Female) 31/46 19/26 0.9

Smoking, % 30 (42%) 18 (40%) 0.8

WBC × 109 per L 9.7 ± (3-35) 7.9 ± 3.3 0.16

Hemoglobin, g/dL 11.7 ± 1.8 11.3 ± 2.4 0.4

Platelet count, × 109 per L 289 ± 110 273 ± 56 0.5

Glucose, mg/dL 85 ± 10 89 ± 15 0.6

Hypertension 15 (19%) 8 (17%) 0.8

Hyperlipidemia 8 (10%) 4 (9%) 0.8

MPV, fL 8.6 ± 1.3 7.7 ± 0.7 0.0002
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and controls were presented in Table 1. There were no sta-
tistically significant differences between the groups with re-
gard to age, gender, and laboratory parameters except MPV. 
MPV values were significantly higher in patients with DVT 
(8.6 ± 1.3 vs 7.7 ± 0.7, P < 0.001). White Blood Cell (WBC) 
counts were higher in the DVT group, but this was not sta-
tistically significant. Etiology of the groups was presented 
in Table 2. Most common cancer types were colorectal, gy-
necologic and breast cancer in DVT patients. In the DVT 
group 46% of cancer were adenocarcinomas, all of the breast 
cancers were invasive ductal carcinoma and 6 of 7 lung can-
cers were nonsmall cell carcinoma, 67 (87%) patients in the 
DVT group and 15 (33%) patients in the control group re-
ceived cancer chemotherapy (P < 0.001). Twenty patients in 
the DVT group had received chemotherapy adjuvantly and 
42 patients for metastasis. Most commonly used chemo-
therapeutic agents were gemcitabine, taxanes and platinums. 
There was no significant difference in MPV values between 
women and male patients (8.49 ± 1.3 vs 8.7 ± 1, P = 0.38, re-
spectively). There was no significant difference with regard 
to MPV between metastatic and nonmetastatic patients with 
DVT (8.7 vs 8.45, P = 0.450). Correlation analysis indicated 
that MPV was significantly correlated with platelet counts 
and with the time interval from the diagnosis of cancer to the 
diagnosis of DVT (time of diagnosis DVT minus diagnosis 
C). Roc curve analysis showed that MPV levels over the 8.6 
had an increased DVT risk in cancer patients (Area under 

the ROC curve 0,704, Sensitivity 50%, Specificity 95.5, CI 
95%, P < 0.001). Regression analysis showed that platelet 
counts and the time interval from the diagnosis of cancer to 
the diagnosis of DVT had negative correlation with MPV (R2 
0.18 r = 0.42, P = 0.037 and 0.002 respectively).

Discussion
  
In this study, we showed that cancer patients with DVT 
had increased MPV levels compared to cancer patients 
without DVT and increased MPV levels can be a risk fac-
tor for thromboembolism in cancer patients independent of 
metastatic or nonmetastatic state. The most common histo-
pathological type was adenocarcinoma in the DVT group. 
Colorectal, gynecologic, breast, pancreatic and lung cancers 
were the most common etiologies for DVT in cancer pa-
tients. Nonsmall cell lung cancer type had a higher risk for 
DVT compared to small cell lung cancer.

Chemotherapy is an independent risk factor for throm-
boembolism in cancer patients. Treatment with gemcitabine, 
cisplatin or carboplatin has a higher risk of thromboembolism 
[6, 21]. Some of the studies have demonstrated that cisplatin 
activates platelets and endothelial cells, which together may 
result in a prothrombotic state [22]; however, gemcitabine’s 
role in the thrombosis is not known yet [23]. Case series and 
observational studies have suggested that gemcitabine may 

Table 2. Etiology of the Study Groups

1 Pearson ki-kare testi (Pearson Chi-Square); 2Fisher Kesin-Ki-kare testi (Fisher Exact Test).

DVT (n:77) Control (n:45) P

Colorectal cancer 14 11 0.4081

Gynecologic malignancy 11 8 0.6081

Breast 11 8 0.6081

Gastric 7 5 0.7582

Lung 7 6 0.5472

Pancreatic cancer 7 3 0.7442

Brain tumors 4 0 0.2952

Skin 4 2 1.0002

Occult primary 4 0 0.2952

Hepatobiliary tract 3 1 1.0002

Bladder 3 1 1.0002

Kidney 1 0 1.0002

Lymphoma 1 0 1.0002
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increase the risk of thromboembolism, particularly when 
combined with cisplatin [24-26]. In our study chemotherapy 
was more common in the DVT group compared to the control 
group (P < 0.001) and the most commonly prescribed agents 
were gemcitabine, platinums and taxanes. So treatment with 
chemotherapy could be the possible reason of DVT and the 
higher MPV levels in our cancer patients. To the best of 
our knowledge, there is no study examining directly MPV 
changes with different chemotherapy regimens. Khorana 
et al had an impressive study. They demonstrated that the 
risk of VTE in cancer patients initiating chemotherapy can 
be predicted by a model simple risk assessment, based on 5 
clinical and laboratory parameters. Parameters were site of 
cancer, prechemotherapy platelet count 350 × 109/L or more, 
hemoglobin level less than 100 g/L or use of red cell growth 
factors, prechemotherapy leukocyte count more than 11 × 
109/L, and Body Mass Index (BMI) 35 kg/m2 or more. In 
high-risk patients (3 or more risk factors) they found 7% or 
more VTE in cancer patients whose on chemotherapy [27]. 
Like this study, our study showed that DVT patients also 
have higher PLT and WBC counts but there were no signifi-
cant differences between the groups. Red cell growth factors 
using were significantly higher in DVT group in our study 
(P = 0.03) as Khorana and et al study. We propose that MPV 
may be added to these risk factors as a predictive factor for 
DVT in cancer patients. Mean platelet volume is calculated 
by dividing the plateletcrit (PCT) by the total number of 
platelets [28]. There are a lot of concerns about the techno-
logical limitations and variations in the measurement of the 
MPV. In our study, we used a centralized laboratory to pre-
vent variability of measurements and also all measurements 
were done in 90 minutes following the venopuncture.

Large platelets have a higher thrombotic risk and ex-
press higher levels of platelet activation markers such as P-
selectin [29, 30]. Chirinos et al showed that VTE patients 
have increased P-selectin levels and Kyrle et al found that 
levels were also higher in the recurrent VTE [31, 32]. El-
evated levels of the cell adhesion molecule such as soluble 
P-selectin (sP-selectin) were associated with a 2.6-fold in-
creased risk of future VTE [33]. This can be one of the rea-
sons of elevated levels of MPV in cancer patients with DVT, 
but we were not able to test P selectin levels.

Braekkan et al demonstrated that MPV is a risk factor 
for thromboembolism in 445 patients [7]. Their study had 
103 cancer patients, and they found a negative correlation 
with MPV and PLT as in our study. But they didn’t report 
and compare MPV values in cancer and noncancer patients 
at the same time. Our study revealed that increased MPV 
values may be a risk factor for DVT in cancer patients and 
treatment with chemotherapy may increase MPV.

There are some limitations of this study such as it has 
limited patient numbers. Furthermore, this is a retrospective 
study, but we revealed our nearly 10 years experience.

Conclusion, we have shown that MPV was significantly 

elevated in cancer patients with DVT compared to the cancer 
patients without DVT. Chemotherapy is one of the major risk 
factors for DVT in cancer patients. Chemotherapy regimens 
may increase MPV and therefore, might trigger thromboem-
bolism in cancer patients. Being metastatic or nonmetastatic 
is not a risk factor for increased MPV.

Declaration

The authors declare no conflict of interest. We did not re-
ceive any financial support fort his study.

References

1. Blom JW, Vanderschoot JP, Oostindier MJ, Osanto S, 
van der Meer FJ, Rosendaal FR. Incidence of venous 
thrombosis in a large cohort of 66,329 cancer patients: 
results of a record linkage study. J Thromb Haemost. 
2006;4(3):529-535.

2. White RH, Chew HK, Zhou H, Parikh-Patel A, Harris 
D, Harvey D, Wun T. Incidence of venous thrombo-
embolism in the year before the diagnosis of cancer in 
528,693 adults. Arch Intern Med. 2005;165(15):1782-
1787.

3. Khorana AA, Francis CW, Culakova E, Kuderer NM, 
Lyman GH. Thromboembolism is a leading cause of 
death in cancer patients receiving outpatient chemother-
apy. J Thromb Haemost. 2007;5(3):632-634.

4. Schwartz JD, Simantov R. Thrombosis and malignancy: 
pathogenesis and prevention. In Vivo. 1998;12(6):619-
624.

5. Haddad TC, Greeno EW. Chemotherapy-induced throm-
bosis. Thromb Res. 2006;118(5):555-568.

6. Barni S, Labianca R, Agnelli G, Bonizzoni E, Verso M, 
Mandala M, Brighenti M, et al. Chemotherapy-associ-
ated thromboembolic risk in cancer outpatients and ef-
fect of nadroparin thromboprophylaxis: results of a ret-
rospective analysis of the PROTECHT study. J Transl 
Med. 2011;9:179.

7. Braekkan SK, Mathiesen EB, Njolstad I, Wilsgaard T, 
Stormer J, Hansen JB. Mean platelet volume is a risk 
factor for venous thromboembolism: the Tromso Study, 
Tromso, Norway. J Thromb Haemost. 2010;8(1):157-
162.

8. White RH. The epidemiology of venous thromboembo-
lism. Circulation. 2003;107(23 Suppl 1):I4-8.

9. Levin J, Bessman JD. The inverse relation between 
platelet volume and platelet number. Abnormalities 
in hematologic disease and evidence that platelet size 
does not correlate with platelet age. J Lab Clin Med. 
1983;101(2):295-307.

10. Thompson CB, Jakubowski JA. The pathophysiology 

66                                                                                                                                                                                                                                                                                                                                                                                                                                                67



J Hematol  •  2013;2(2):64-68   MPV and DVT

Articles © The authors   |   Journal compilation © J Hematol and Elmer Press™   |   www.jh.elmerpress.com

and clinical relevance of platelet heterogeneity. Blood. 
1988;72(1):1-8.

11. Karpatkin S. Heterogeneity of human platelets. I. Meta-
bolic and kinetic evidence suggestive of young and old 
platelets. J Clin Invest. 1969;48(6):1073-1082.

12. Martin JF, Trowbridge EA, Salmon G, Plumb J. The 
biological significance of platelet volume: its relation-
ship to bleeding time, platelet thromboxane B2 produc-
tion and megakaryocyte nuclear DNA concentration. 
Thromb Res. 1983;32(5):443-460.

13. Bath PM, Butterworth RJ. Platelet size: measurement, 
physiology and vascular disease. Blood Coagul Fibrino-
lysis. 1996;7(2):157-161.

14. Thompson CB, Jakubowski JA, Quinn PG, Deykin D, 
Valeri CR. Platelet size as a determinant of platelet func-
tion. J Lab Clin Med. 1983;101(2):205-213.

15. Gulcan M, Varol E, Etli M, Aksoy F, Kayan M. Mean 
platelet volume is increased in patients with deep vein 
thrombosis. Clin Appl Thromb Hemost. 2012;18(4):427-
430.

16. Yilmaz MB, Cihan G, Guray Y, Guray U, Kisacik HL, 
Sasmaz H, Korkmaz S. Role of mean platelet volume in 
triagging acute coronary syndromes. J Thromb Throm-
bolysis. 2008;26(1):49-54.

17. Falanga A, Zacharski L. Deep vein thrombosis in can-
cer: the scale of the problem and approaches to manage-
ment. Ann Oncol. 2005;16(5):696-701.

18. Imberti D, Agnelli G, Ageno W, Moia M, Palareti G, 
Pistelli R, Rossi R, et al. Clinical characteristics and 
management of cancer-associated acute venous throm-
boembolism: findings from the MASTER Registry. Hae-
matologica. 2008;93(2):273-278.

19. Piccioli A, Falanga A, Baccaglini U, Marchetti M, Pran-
doni P. Cancer and venous thromboembolism. Semin 
Thromb Hemost. 2006;32(7):694-699.

20. Simanek R, Vormittag R, Ay C, Alguel G, Dunkler D, 
Schwarzinger I, Steger G, et al. High platelet count asso-
ciated with venous thromboembolism in cancer patients: 
results from the Vienna Cancer and Thrombosis Study 
(CATS). J Thromb Haemost. 2010;8(1):114-120.

21. Cohen AT, Nandini B, Wills JO, Ota S. VTE prophylaxis 
for the medical patient: where do we stand? - a focus on 
cancer patients. Thromb Res. 2010;125 Suppl 2(S21-29.

22. Zecchina G, Ghio P, Bosio S, Cravino M, Camaschella C, 
Scagliotti GV. Reactive thrombocytosis might contrib-
ute to chemotherapy-related thrombophilia in patients 

with lung cancer. Clin Lung Cancer. 2007;8(4):264-267.
23. Dasanu CA. Gemcitabine: vascular toxicity and 

prothrombotic potential. Expert Opin Drug Saf. 
2008;7(6):703-716.

24. Casper ES, Green MR, Kelsen DP, Heelan RT, Brown 
TD, Flombaum CD, Trochanowski B, et al. Phase II 
trial of gemcitabine (2,2’-difluorodeoxycytidine) in pa-
tients with adenocarcinoma of the pancreas. Invest New 
Drugs. 1994;12(1):29-34.

25. Dumontet C, Morschhauser F, Solal-Celigny P, Bouafia 
F, Bourgeois E, Thieblemont C, Leleu X, et al. Gem-
citabine as a single agent in the treatment of relapsed 
or refractory low-grade non-Hodgkin’s lymphoma. Br J 
Haematol. 2001;113(3):772-778.

26. Numico G, Garrone O, Dongiovanni V, Silvestris N, 
Colantonio I, Di Costanzo G, Granetto C, et al. Prospec-
tive evaluation of major vascular events in patients with 
nonsmall cell lung carcinoma treated with cisplatin and 
gemcitabine. Cancer. 2005;103(5):994-999.

27. Khorana AA, Kuderer NM, Culakova E, Lyman GH, 
Francis CW. Development and validation of a predictive 
model for chemotherapy-associated thrombosis. Blood. 
2008;111(10):4902-4907.

28. Machin SJ, Briggs C. Mean platelet volume: a quick, 
easy determinant of thrombotic risk? J Thromb Hae-
most. 2010;8(1):146-147.

29. Karpatkin S, Khan Q, Freedman M. Heterogeneity of 
platelet function. Correlation with platelet volume. Am J 
Med. 1978;64(4):542-546.

30. Breimo ES, Osterud B. Studies of biological functions in 
blood cells from individuals with large platelets. Plate-
lets. 2003;14(7-8):413-419.

31. Chirinos JA, Heresi GA, Velasquez H, Jy W, Jimenez 
JJ, Ahn E, Horstman LL, et al. Elevation of endothelial 
microparticles, platelets, and leukocyte activation in pa-
tients with venous thromboembolism. J Am Coll Car-
diol. 2005;45(9):1467-1471.

32. Kyrle PA, Hron G, Eichinger S, Wagner O. Circulating 
P-selectin and the risk of recurrent venous thromboem-
bolism. Thromb Haemost. 2007;97(6):880-883.

33. Ay C, Simanek R, Vormittag R, Dunkler D, Alguel G, 
Koder S, Kornek G, et al. High plasma levels of soluble 
P-selectin are predictive of venous thromboembolism 
in cancer patients: results from the Vienna Cancer and 
Thrombosis Study (CATS). Blood. 2008;112(7):2703-
2708.

68                                                                                                                                                                                         


