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Letter to the Editor 
Diagnostic Hematology

Circulating Microparticles and Coagulation Profiles in 
Patients with Advanced Stage Solid Tumors 
Der Sheng Sun, M.D.1, Hae Kyung Lee, M.D.2, Yonggoo Kim, M.D.2, Je Hoon Lee, M.D.2, Hye Sung Won, M.D.1,  
Yoon Ho Ko, M.D.1, and Hyunjung Kim, M.D.2

Departments of Internal Medicine1 and Laboratory Medicine2, College of Medicine, The Catholic University of Korea, Seoul, Korea

Dear Editor,

Cancer patients with venous thromboembolism (VTE) have poor 

survival rates [1, 2]. In addition to well-known coagulation bio-

markers, microparticles (MPs) in patients with cancer have re-

cently been studied [3]. MPs are typically defined as membrane 

vesicles 0.1–1.0 µm in diameter, formed by exocytic budding 

from cells during cell activation or apoptosis. We postulated that 

the initial levels of hemostatic biomarkers at cancer diagnosis 

would be useful in predicting and managing the clinical course 

of cancer in these patients. We analyzed coagulation profiles 

and circulating MPs in patients at the initial diagnosis of cancer 

and determined the clinical course and survival of these patients 

over two years. 

This study was approved by the Institutional Review Board of 

the Catholic Medical Center (UC14SISI0100), Korea. Between 

May and December 2014, we included 67 consecutive patients 

diagnosed as having solid tumors in this prospective study and 

received their informed consent. Cancer sites included the stom-

ach (N=13), colorectum (N=13), lung (N=9), head and neck 

(N=9), biliary tract (N=8), esophagus (N=4), breast (N=4), 

bladder (N=3), pancreas (N=2), and cervix (N=2). Survival 

and the occurrence of VTE were monitored at diagnosis and af-

ter two years. Coagulation biomarkers were analyzed at the ini-

tial cancer diagnosis. MPs were quantified by flow cytometry as 

previously described [4]. Particles that stained with annexin V 

(BD Biosciences, San Jose, CA, USA) and CD41 (BD Biosciences) 

were called platelet-derived microparticles (PMPs), whereas 

those that stained with annexin V and CD31 (BD Biosciences) 

were called endothelial cell-derived microparticles (EMPs). MPs 

in the MP gate (<1 µM, determined using 1-µM beads) were 

counted [5]. Prothrombin time (PT), activated partial thrombo-

plastin time (aPTT), Clauss fibrinogen, D-dimer, and fibrinogen 

degradation product (FDP) levels were determined using a CS5100 

analyzer (Sysmex Corporation, Kobe, Japan). Protein C and pro-

tein S activity were measured using a STA R Max analyzer (Di-

agnostica Stago, Parsippany, NJ, USA).

The program G*Power indicated a requirement of 67 samples 

for a power of 80% [6]. Student’s independent sample t-, 

Mann-Whitney U, chi-square, and Fisher’s exact tests were per-

formed as appropriate. Receiver operating characteristic (ROC) 

curves were analyzed to define cutoffs to differentiate the non-

survival group. Mean survival time (MST) based on the biomark-

ers was estimated by Kaplan-Meier analysis. All statistical analy-

ses were performed by using the MedCalc program (MedCalc 

Software bvba, Mariakerke, Belgium).

The survival rate was 52.2% (35/67). Levels of D-dimers, fi-
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Table 1. Coagulation biomarkers, predictive cutoff values, and median survival times at two years in patients with cancer

Survival group 
(N=35)

Non-survival 
group (N=32)

Criterion AUC
Sensitivity 

(%)
Specificity 

(%)

Mean survival time 
in the high-level 

group*

Mean survival time 
in the low-level 

group*
P 

PMP (MPs/µL) 688.7±360.1 729.3±467.0 >531 0.559 53.1 62.9 18.2 (13.7–22.8) 20.1 (17.7–22.6) 0.405

EMP (MPs/µL) 1,776.5±802.8 1,988.2±816.5 >1,491 0.570 75.0 40.0 17.8 (14.9–20.7) 23.4 (20.9–25.9) 0.322

D-dimer (mg/L) 1.0 (0.6–2.3) 2.1 (0.8–4.6) >1.13 0.666 71.9 58.8 18.8 (16.10–21.6) 21.5 (18.1–24.9) 0.013

FDP (µg/mL)   5.7 (3.4–10.6)   9.6 (5.1–22.4) >6.2 0.682 70.0 62.5 18.3 (15.3–21.3) 21.9 (19.1–24.6) 0.007

Fibrinogen (mg/dL) 319.8±100.2 384.7±100.0 >356.7 0.682 60.7 75.0 16.7 (12.9–20.6) 22.0 (19.3–24.7) 0.010

Antithrombin (%) 90.3±12.9 91.5±18.3 >77.5 0.502 85.7 28.1 19.9 (17.3–22.4) 19.6 (14.3–24.9) 0.976

Protein C activity (%) 100.8±29.7 96.2±23.2 <107 0.523 39.1 78.8 22.3 (19.9–24.6) 18.6 (13.9–23.3) 0.778

Protein S activity (%) 63.6±11.0 64.7±13.7 >60 0.501 47.8 33.3 22.1 (19.7–24.5) 19.9 (16.1–23.7) 0.993

PT (seconds) 11.3±0.84 11.8±1.0 >11.1 0.634 68.7 54.2 16.8 (13.7–20.1) 23.3 (21.0–25.6) 0.049

aPTT (seconds) 29.4±4.6 32.9±5.8 >34.5 0.662 43.8 94.3 11.8 (7.1–16.4) 22.1 (20.0–24.2) 0.017

*Patients with high and low levels of each biomarker were divided based on results of a receiver operating characteristic curve analysis. Median survival 
times are presented as means (95% confidence intervals).
Abbreviations: PMP, platelet-derived microparticle; EMP, endothelial cell-derived microparticle; aPTT, activated partial thromboplastin time; PT, prothrombin 
time; FDP, fibrinogen degradation product.

Fig. 1. Scatter diagrams and regression lines for platelet-derived microparticle (PMP) counts and endothelial cell-derived microparticle 
(EMP) with levels of D-dimers and fibrinogen degradation products (FDP). PMP and EMP counts showed moderate correlations with D-di-
mer and FDP levels, respectively.
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brinogen, and FDPs were significantly higher in the non-survival 

than in the survival group at two years (Table 1). PT and aPTT 

were prolonged in the non-survival group than in the survival 

group. PMP and EMP levels were not significantly associated 

with the two-year survival of cancer patients. The area under the 

curve (AUC) and optimal cutoffs were derived by ROC curve 

analysis. We divided patients into two groups based on the cut-

offs for each biomarker based on this analysis. MSTs were sig-

nificantly shorter in patients with higher levels of D-dimers, FDP, 

and fibrinogen groups than in those with lower levels.  

The overall cumulative probability of VTE in patients with can-

cer was 7.5% (5/67)  within two years of the initial diagnosis of 

cancer. Two patients had VTE concomitantly with cancer diag-

nosis. In three patients, VTE occurred two–four months after the 

initial diagnosis. Clinical factors, including age, gender, cancer 

stage, mortality, and levels of tested biomarkers, did not differ 

between the with-VTE and without-VTE groups. The number of 

patients experiencing VTE was small for the statistical analysis. 

PMP and EMP counts showed a moderate correlation with D-

dimer and FDP levels, respectively (Fig. 1). In a previous report, 

a weak correlation between levels of coagulation biomarker and 

MPs was demonstrated [7, 8].  

The decision to prescribe thromboprophylaxis in patients with 

cancer should be based on risk stratification. In this study, an 

increased thrombotic state was associated with a shorter MST. 

Additionally, a tendency toward a decreased antithrombotic state 

was found in patients with shorter MSTs. Similar to our findings, 

D-dimer, thrombin-antithrombin III complex, and fibrin levels 

were shown to be associated with survival of cancer patients [9]. 

Our data may assist in defining the clinician’s initial monitoring 

plan.

PMP and EMP levels showed no association with survival or 

VTE occurrence in cancer patients in this study. Similar to our 

findings, a large cohort study indicated no association between 

MP levels and the occurrence of VTE with cancer [3]. However, 

MP-tissue factor activity was significantly associated with either 

VTE or survival in cancer patients [8, 10]. Heterogeneous can-

cer types, technical issues, the lack of standardization in mea-

suring MPs, and differences in analytical sensitivity may have 

contributed to the lack of association between MP and survival 

or VTE in this study.

We found a tendency towards imbalance between the throm-

botic and antithrombotic systems at initial diagnosis in the groups 

of patients with lower survival. Method standardization and a large 

cohort study are needed to define the impact of MP on cancer 

prognosis.
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