www.oncotarget.com

Oncotarget, 2018, Vol. 9, (No. 30), pp: 21190-21200
Research Paper

Mean platelet volume as a predictive marker for venous
thromboembolism in patients treated for Hodgkin lymphoma
Joanna Rupa-Matysek1, Lidia Gil1, Marta Barańska1, Dominik Dytfeld1 and
Mieczysław Komarnicki1
1

Department of Haematology and Bone Marrow Transplantation, Poznan University of Medical Sciences, Poznań, Poland

Correspondence to: Joanna Rupa-Matysek, email: rupa.matysek@gmail.com
Keywords: Hodgkin lymphoma; mean platelet volume; venous thromboembolism; Khorana Risk Score; ThroLy Score
Received: October 16, 2017     Accepted: March 14, 2018     Published: April 20, 2018
Copyright: Rupa-Matysek et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License 3.0 (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.

ABSTRACT
Mean platelet volume (MPV) is reported to be associated with the risk of venous
thromboembolism (VTE) and mortality in patients with cancer.
We sought to determine the association of MPV with symptomatic VTE occurrence
in patients treated for newly diagnosed Hodgkin lymphoma (HL) and their outcomes.
We retrospectively studied 167 consecutive adult patients treated with HL. During
first-line treatment 12 (7.2%) patients developed VTE and 14 (8%) died within the
observation period. The pre-chemotherapy values of MPV were significantly lower
in VTE patients than those without (p=0.0343). Patients with MPV≤25th percentile
(6.8 fl) had an increased risk of VTE occurrence (p=0.0244). In multivariate analysis,
MPV≤25th percentile (OR 2.21; 95%CI 1.07-4.57, p=0.033), advanced stage (OR 2.08;
95%CI 1.06-4.07, p=0.033) and bulky disease (OR 2.23; 95%CI 1.16-4.31, p=0.016)
were significant factors for developing VTE. Only the impact of MPV≤25th percentile
on VTE-free survival rates was found. VTE occurred in 43% (n=3) of the high-risk
patients of the Thrombosis Lymphoma (ThroLy) score and in 17% (n=2) of the highrisk of the Khorana Risk Score (KRS). Neither the KRS nor the ThroLy score could
identify patients at a high risk of VTE with a high degree of accuracy. We expanded
the ThroLy score with the addition of the MPV≤25th percentile to more accurately
identify HL patients with a higher risk of VTE.
Our study indicates that the pre-chemotherapy MPV value, while of no use as
an overall prognosis predictor, may still represent a useful prognostic marker for a
significant VTE risk especially when incorporated into VTE-risk assessment models.

thrombosis including the most common, the Khorana
Risk Score (KRS), which unfortunately provides a low
positive predictive value [4]. Moreover, some of these
biomarkers are only used as research tools and there is a
need for cheap and readily available parameters to predict
VTE. Among other factors, platelet activation plays a
role in cancer-associated thrombosis, as well as being a
prognostic factor [5–8]. Recent studies have revealed
that mean platelet volume (MPV), which is considered
to be a marker of platelet activation, is associated with
the risk of VTE in patients with cancer [9, 10]. Therefore,
identification and incorporation of new variables in

INTRODUCTION
Lymphoma patients are considered to be at a high
risk of developing venous thromboembolism (VTE)
[1]. It is known that tumour-associated VTE aggravates
the clinical course of the disease, worsens the survival
prognosis and contributes to death in cancer patients [2].
Recently, it has have reported that various biomarkers are
predictive of VTE and mortality in cancer patients [3].
Some of these biomarkers were used in the development
of predictive models for chemotherapy-associated
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prognostic models associated with the risk of thrombosis
may be valuable.
The aim of the present study was to determine the
association of MPV with symptomatic VTE occurrence in
patients treated for newly diagnosed Hodgkin lymphoma
(HL). Moreover, we evaluated the impact of MPV on the
outcomes of patients with HL.

involvement) than without (50% versus 13%, p=0.0064).
VTE occurred in 43% (n=3) of the high-risk patients and
in 17% (n=2) of the intermediate-risk and in 4% (n=5) of
the low-risk of the ThroLy score.
No difference in the pre-chemotherapy platelet
counts between the patients who developed VTE during
follow-up (median 361 x109/l, 25th-75th percentile 229473 x109/l, range 55-788) and the patients without VTE
(median 312 x109/l, 25th-75th percentile 264-390 x109/l,
range 102-723 x109/l, p=0.3871) was found. The prechemotherapy values of MPV were significantly lower
in the patients who developed VTE during follow-up
(median 6.9, 25th-75th percentile 6.28-7.35, range 5.937.70 fl) in comparison to the patients without VTE
(median 7.2, 25th-75th percentile 6.90-7.80, range 5.799.40 fl, p=0.034). The ROC analysis indicated a cutoff value of 6.8 fl (95% CI 0.547-0.765) for MPV with
42% sensitivity and 79% specificity (ROC AUC=0.656,
SE=0.056) for the development of VTE, Figure 1. The
patients were therefore categorized using a cut-off set at
the 25th percentile of the overall population (6.8 fl). Four
of the 21 (19%) patients with baseline MPV 6.8 fl or
below developed VTE compared to 8 of the 148 (5.5%)
patients with MPV values above 6.8 fl (p=0.0244).
In univariate analysis, MPV≤25th percentile (OR
2.01; 95% CI 1.05-3.86, p=0.0349), advanced stage IV
(OR 2.28; 95% CI 1.22-4.27, p=0.0097) and bulky disease
(OR 2.01; 95% CI 1.05-3.86, p=0.0349) were associated
with the occurrence of VTE, Figure 2. Other patientrelated factors; age, gender, pre-chemotherapy platelet
count over 350 x 109/L, leukocyte count over 11 x 109/L,
haemoglobin below 10g/dl and disease-related factors;
high values of International Prognostic Score, presence
of constitutional symptoms or high risk in the Khorana
VTE risk assessment model or high risk in the ThroLy
score, failed to be prognostic for VTE. In multivariate
analysis, MPV≤25th percentile (OR 2.21; 95% CI 1.074.57, p=0.033) and advanced stage (stage IV versus stage
I-III, OR 2.08; 95% CI 1.06-4.07, p=0.033) and bulky
disease (OR 2.23; 95% CI 1.16-4.31, p=0.016) remained
significant factors for developing VTE.
At the cut-off point for the high-risk category
(score ≥3), we calculated the sensitivity (probability of
high risk in those patients experiencing VTE), specificity
(probability of high risk in those not experiencing VTE),
positive predictive value (PPV, probability of high risk in
those patients identified to be at high risk), and negative
predictive value (NPV, probability of no VTE in those
patients identified to be at low risk) for VTE development.
For the KRS, the sensitivity was 100%, the specificity 0%,
the PPV 100%, and the NPV 0% (ROC AUC/C statistic
0.523), whereas for the ThroLy score, the sensitivity was
33%, the specificity 80%, the PPV 67%, and the NPV
20% (C statistic 0.557). We expanded the Throly score by
adding the MPV≤25th percentile as 1 point, which gave an
improvement in the C statistic (ROC AUC), which then

RESULTS
Patient characteristics
One hundred and sixty seven adult patients with HD
who underwent first line treatment were included in the
study. All patients were white with a median age of 37
years (range 18-79 years), of whom 54% were females.
The median observation time was 44 months (range 5-87).
The majority of patients were presented as advanced
lymphoma (stage III and IV; n=88, 53%). On the
International Prognostic Score (IPS), 63 cases had a score
of 3-7 (high risk, 38%). Mediastinal involvement was
observed in 26 cases (15.6%). None of the patients had
obesity (BMI > 30 kg/m2) nor reduced mobility (ECOG
2-4). Only 4 patients had neutrophils below 1x109/L. Two
patients had previous VTE/acute myocardial infarction/
stroke. Patient characteristics are provided in Table 1.
For the whole study group, the values of MPV were
significantly lower in the HL patients (median 7.2, 25th75th percentile 6.8-8.3, range 5.79 – 9.4 fl) in comparison
to the controls (median 7.95, 25th-75th percentile 7.228.8, range 5.01 - 11.5 fl, p<0.0001), while the platelet
count was significantly higher in the HL patients (median
313x109/L, 25th-75th percentile 264-392x109/L, range
56-788x109/L) in comparison to the controls (median
241x109/L, 25th-75th percentile 208-288x109/L, range
129-501x109/L, p<0.0001).
According to the Khorana Risk Score, 35 (21%)
patients were considered as high risk of VTE development
and 132 (79%) patients as intermediate risk, whereas
according to the ThroLy score, 7 (4.2%) patients had a
high risk, 29 (17.4%) patients had an intermediate risk and
131 (78.4%) patients had a low-risk of VTE development.

Venous thromboembolism
In the whole study group, twelve (7.18%) patients
developed VTE during first-line treatment in the median 1
month (25th-75th percentile 1.0-3.3, range 1.0-6.0 months),
including 6 (50%) cases of deep vein thrombosis of
extremities, 1 (8%) symptomatic pulmonary embolism and
5 (42%) cases of internal jugular vein thrombosis. VTE
occurred in 2 patients of the high-risk group (17%) and
in 10 patients (83%) of the intermediate group according
to the KRS classifications. More VTE events were
found in patients with advanced stage IV (67% versus
28%, p=0.0048), and with bulky disease (mediastinal
www.oncotarget.com
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Table 1: Comparison of patients’ characteristics with or without VTE
Overall
population n=167

Patients with VTE
during follow-up1
n=12 (7.2%)

Patients without VTE
during follow-up1
n=155 (92.8%)

p value

36.7 (18-79)

35.0 (24-39)

37.7 (18-79)

0.2305

77 (46%)

6 (8%)

71 (92%)

0.7789

Extranodal localisation

51 (30%)

8 (16%)

43 (84%)

0.0048

Constitutional symptoms

101 (60%)

10 (10%)

91 (90%)

0.0930

Bulky disease

35 (21%)

2 (6%)

33 (94%)

0.7046

Poor prognostic disease

63 (38%)

7 (11%)

56 (89%)

0.1263

Haemoglobin level < 100 g/L

12 (7%)

1 (8%)

11 (92%)

0.8262

Pre-chemotherapy platelet count
>350x109/L

58 (35%)

6 (10%)

52 (90%)

0.2488

Pre-chemotherapy leukocyte count
>11x109/L

47 (28%)

5 (11%)

42 (89%)

0.2796

High KRS4

35 (21%)

2 (17%)

33 (21%)

0.7046

7 (4%)

3 (43%)

4 (57%)

0.0002

29 (17%)

4 (14%)

25 (86%)

131 (79%)

5 (4%)

126 (96%)

Characteristic
Median age, (range) years
Gender, male n (%)
2

3

High ThroLy score

5

Intermediate ThroLy score
Low ThroLy score5

5

Abbreviations: KRS, Khorana Risk Score; MPV, mean platelet volume; ThroLy score, Thrombosis Lymphoma score; VTE,
venous thromboembolism.
1
The percentages are related to the numbers given in the first column of the same line.
2
Extranodal involvment/advanced disease according to Lugano stage IV.
3
International Prognostic Score, high risk (3–7 points).
4
According to the Khorana Risk Score for VTE-risk assessment; High-risk group: 3–4 points.
5
According to the ThroLy sc ore; low (Score 0, 1), low (Score 2, 3) and high (Score > 3).
p < 0.05, statistically significant.
reached 0.645. The sensitivity of the expanded model was
43%, the specificity 86%, the PPV 14%, and the NPV
57%.

free survival than patients with a high- or an intermediaterisk score (Chi2 test=12.79, p=0.0017), Figure 5.

Survival

VTE-free survival

During a median follow-up of 44 months, 14 patients
(8%) died. None of the deaths were related to VTE. The
Kaplan–Meier analysis did not show any difference in
survival rates between patients with or without VTE (log
rank test=1.026, p=0.3050). Moreover, no impact of the
presence of bulky disease on overall survival rates was
found (log rank test=10.1, p=0.9452).
In a Kaplan–Meier analysis of the probability of
survival, no differences between the patients with prechemotherapy MPV≤25th percentile and patients with
MPV>25th percentile (log rank test=1.124, p=0.2610;
Figure 4B) and between the patients in the high KRS and
in the intermediate KRS group (log rank test=0.1340,
p=0.1803) were found.
In the Cox regression model, only high IPS (≥ 3
points) was significantly correlated with mortality (HR

Figure 3 shows a cumulative survival plot for all
analysed patients with HL. In a Kaplan–Meier analysis
of the probability of VTE-free survival rates, patients
with a low MPV (MPV≤25th percentile) had significantly
lower VTE-free survival rates compared to patients
without low MPV (log rank test=2.23, p=0.0259), Figure
4A. Patients with bulky disease had, according to the
Kaplan–Meier method, significantly lower VTE-free
survival rates than those without bulky disease (log rank
test=3.59, p=0.0003). In a Kaplan–Meier analysis of VTEfree survival rates, no difference was found between the
patients in the high KRS and in the intermediate KRS
group (log rank test=0.39, p=0.7004). In the Kaplan–
Meier analysis, patients in the low-risk group of the
ThroLy score had statistically significantly longer VTEwww.oncotarget.com
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6.10 (95%CI 1.20-30.98), p=0.0290), Table 2. Only
a trend between the high ThroLy score and mortality
was revealed. Other parameters including age, male
gender, advanced disease, bulky disease (mediastinal
involvement), presence of VTE, high KRS and MPV≤25th
percentile failed to have any impact on mortality.

established [21–24]. Contrary to these findings, in recently
published studies, a lower MPV was associated with an
increased risk of VTE and increased mortality in patients
with heterogeneous cancer [9, 10]. Several studies indicate
that the different types of malignancies and location had
different thrombotic burdens [1, 6, 25], thus we sought
to determine the association of MPV with symptomatic
VTE occurrence in patients treated for newly diagnosed
Hodgkin lymphoma (HL) and their mortality. In the
present study, we demonstrated that patients with HL had
lower pre-chemotherapy MPV levels compared to the
healthy control group. Receiver Operating Characteristic
curve was used to determine the optimal MPV cut-offs,
which were similar to a previous study by Riedl et al.,
set at the 25th percentile of the overall population [9]. Of
the HL patients, in both the univariate and multivariate
models, the patients with baseline MPV levels below the
25th percentile had an above 2.0-fold increased risk of
VTE development. Similarly, we previously reported the
predictive values of low baseline MPV for a significant
risk of VTE in patients treated for diffuse large B-cell
lymphoma (DLBCL) [26]. These results are consistent
with literature indicating the impact of low MPV on the
risk of development of VTE in other types of malignancies
[9, 10]. Further studies conducted by Riedl J et al. on the
activation status of platelets in cancer patients both by

DISCUSSION
To our knowledge, this is the first analysis to
determine the association of MPV with symptomatic
VTE occurrence in patients treated for newly diagnosed
Hodgkin lymphoma (HL) and their mortality.
Venous thromboembolism is one of the major
causes of complications and the second cause of mortality
in cancer patients receiving outpatient chemotherapy,
including Hodgkin lymphoma [5, 18, 19]. One of the key
factors for VTE development is the platelets contribution
to the clot formation [7, 8, 20]. The mean platelet volume
(MPV), among other markers related to platelet functions
and platelet number, is one of the most commonly
available haematological parameters. There is evidence
that MPV is a surrogate of platelet turnover, because
larger platelets are younger and more reactive compared
to their counterparts and the association between increased
MPV with VTE and cardiovascular risks has been well

Figure 1: Receiver operating characteristic (ROC) curve analysis of MPV for the prediction of VTE development in
HL patients.
www.oncotarget.com

21193

Oncotarget

Figure 2: Univariate analyses determining factors affecting VTE development including (A) stage, (B) bulky disease, (C) MPV≤25th
percentile and (D) the ThroLy score.
Abbreviations: CI, confidence interval; MPV, mean platelet volume; OR, odds ratio; ThroLy score, Thrombosis Lymphoma score.

Figure 3: Kaplan–Meier estimates for survival probability of the patients with HL in the studied cohort.
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flow cytometry and platelet activation markers, confirmed
the association of decreased platelet reactivity with a
high risk of VTE and poor prognosis, presumably as a
consequence of continuous activation [27, 28].
In literature there is only one study designed
to develop and validate a predictive model for
thromboembolic events in lymphoma patients which
is based on heterogeneous types of lymphoma patients,
including a small number of HL patients (n=266, 14.6%).
This is known as the ThroLy score [13]. In that study
the MPV levels were not evaluated. In the present study,
advanced stage IV of the disease and the presence of
bulky disease were associated with approximately 2.0fold increased odds for VTE occurrence. These findings
are consistent with ThroLy score (extranodal localisation
and mediastinal involvement) [13] and in accordance with
the results of Lekovic et al. who found that patients with

primary mediastinal large B-cell lymphoma had a higher
incidence of VTE in the presence of a larger diameter of
mediastinal tumor mass [29]. The data on the impact of a
disease stage on VTE development in lymphoma patients
are contradictory, in a meta-analysis by Caruso et al. only
a tendency towards an increased rate of thrombotic events
with more advanced stages of the disease was found [30],
however, in other studies a higher stage of lymphoma has
been associated with increased VTE risk [31–35]. Central
venous catheters are known to increase the transient
odds of VTE in lymphoma patients [36], these were not
implemented during their first-line therapy of our cohort
and therefore their impact could not be confirmed. None
of the other studied factors, including gender, age, diseaserelated factors (poor prognostic disease and presence of
constitutional symptoms) had a significant effect on VTE
development. Although the Khorana Risk Score was

Figure 4: Kaplan–Meier analysis of VTE-free survival rates (A) and overall survival rates (B) according to pre-chemotherapy MPV≤25th
percentile or MPV>25th percentile (6.8 fl).

Figure 5: Kaplan–Meier analysis of VTE-free survival rates according to the ThroLy score.
www.oncotarget.com
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Table 2: Factors affecting mortality according to the Cox proportional hazards model
Factor

Hazard Ratio (95% CI)

p value

Age

0.97 (95%CI 0.93-1.02)

0.2357

2.04 (95%CI 0.59-6.99)

0.2572

Advanced disease

0.84 (95%CI 0.18-3.86)

0.8245

Poor Prognostic Disease2

6.10 (95%CI 1.20-30.98)

0.0290

Bulky disease

0.17 (95%CI 0.01-2.20)

0.1730

1.04 (95%CI 0.29-3.76)

0.9594

28.89 (95%CI 0.76-1098.2)

0.0561

Presence of VTE

2.24 (95%CI 0.60-8.42)

0.2291

MPV≤25th percentile

2.63 (95%CI 0.65-10.52)

0.1737

Male gender
1

High KRS

3

High ThroLy score

4

Abbreviations: CI, confidence interval; HR, hazard ratio; KRS, Khorana Risk Score; MPV, mean platelet volume; ThroLy
score, Thrombosis Lymphoma score; VTE, venous thromboembolism.
1
Extranodal involvment/advanced disease according to Lugano stage IV.
2
IPS, International Prognostic Score ≥ 3.
3
According to the Khorana Risk Score for VTE-risk assessment; High-risk group: 3-4 points.
4
According to the ThroLy score; low (Score 0 – 1), low (Score 2 – 3) and high (Score > 3).
p < 0.05 – statistically significant.
developed for the stratification of cancer outpatients with
different types of malignancies, and so far it has been best
validated to stratify the risks of VTE [1, 20, 37]. Neither
a high KRS nor a high ThroLy score could identify
patients at a high risk group of VTE with a high degree of
accuracy. Only 2 out of 35 of our patients in the high-risk
of the KRS and 3 out of 7 patients in the high-risk group
of the ThroLy score developed VTE. Consistent with
literature, our data show that VTE events occurred more
often in an intermediate than a high-risk KRS [38, 39].
Our results are in line with the results of several studies on
other neoplasms in which KRS did not adequately stratify
and predict VTE events in patients at high risk of VTE
[40–42]. Although, Santi et al. reported that the KRS is
predictive of VTE events among non-Hodgkin lymphomas
including DLBCL [43], other studies failed to show any
association of the KRS with VTE [26, 34]. The ThroLy
score has not yet been validated by independent research.
We found that incorporation of another marker, MPV≤25th
percentile, improved the discriminatory performance of
the ThroLy score. Additional research could find yet more
biomarkers that could further increase the accuracy of
VTE-predictive models in lymphoma patients.
Contrary to the findings of previous studies
reporting that cancer-associated thrombosis is a leading
cause of death among patients with cancer and also in
the lymphoma subgroup [2, 19, 32, 44], in our study
cohort, no difference in the overall survival rate between
patients with or without VTE treated for HL was found.
Our results are in agreement with Lim S.H. et al. [34].
Moreover, in the present study, no impact of a low MPV
nor a high KRS on prognosis was found. Our data are in
www.oncotarget.com

line with a recent meta-analysis, in which no correlation
between MPV and disease-free survival rate in patients
with malignant tumours was found [45], however this is
contrary to previous research [9, 26, 40, 46–49]. Reasons
for such a divergence may include the relatively young age
of our studied cohort, good performance status, limited
observation period (median follow-up 44 months), no
obesities and a low number of comorbidities. In the Cox
model, only IPS 3 or above had a nearly 6-fold increased
risk of mortality in HL patients [12]. None of the other
studied variables were prognostic for inferior survival
rates in our HL patients.
Although patients with lymphoma are considered
to have a high risk of VTE development, with the
incidence rate reaching 7.2% in our study, routine
thromboprophylaxis to prevent venous thromboembolism
is not recommended by current international guidance [50–
52]. It has recently been shown that currently available
prediction scores including the Khorana, Vienna CATS,
PROTECHT, and CONKO performed poorly in predicting
venous thromboembolism in cancer patients and the use
of prophylaxis in outpatients undergoing chemotherapy
remains a controversial issue [42, 53]. Therefore, our
findings indicate the need for the identification of new
biomarkers predictive of VTE, such as a pre-chemotherapy
MPV≤25th percentile, and for the improvement of
lymphoma-specific VTE-assessment models.
The main limitation of our study is the retrospective
collection of data. However, very limited original data
have been published with regard to the MPV levels in
lymphoma patients with or without VTE. Moreover, we
evaluated only a Caucasian population. However, all
21196
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patients were managed with the same procedure according
to diagnosis and treatment in one hospital. There was no
routine screening for VTE and only symptomatic events
were evaluated.
In conclusion, in our study on patients with HL
undergoing first-line therapy, advanced stage IV of the
disease and the presence of bulky disease were associated
with the development of VTE. Moreover, patients
who had the baseline MPV≤25th percentile, which is
platelet-specific variable, also had a two-fold increased
risk of VTE development. Our findings show that the
incorporation of the MPV≤25th percentile increases the
discriminatory performance of the ThroLy score and there
is a need for improvement of lymphoma-specific VTEassessment models. Further larger prospective studies are
needed to confirm or refute our findings before implication
in practice.

on the site of cancer (lymphoma as high-risk), prechemotherapy platelet count over 350 x 109/L, leukocyte
count over 11 x 109/L, haemoglobin below 10g/dl and/or
use of erythropoiesis-stimulating agents, and a body mass
index above 35kg/m2 (BMI, 1 point each) [1].
The lymphoma VTE-risk scores and categorisations
to high risk (3 or more points), intermediate risk (1-2
point) and low risk (0-1 point) were performed according
to the prognostic Thrombosis Lymphoma model developed
by Antic et. al., known as the ThroLy score, which
includes; previous VTE/acute myocardial infarction/
stroke (2 points), reduced mobility (ECOG 2-4, 1 point),
obesity (BMI > 30kg/m2, 2 points), extranodal localisation
(1 point), mediastinal involvement (2 points), neutrophils
below 1 x 109/L (1 point) and haemoglobin level below
100g/L (1 point) [13].
For the MPV estimation and the KRS, a full blood
count was performed by standard methods within 60
minutes of collection. The associations between the
pre-chemotherapy MPV and VTE development and the
outcomes were assessed. MPV values were evaluated in
the control group. A control group consisting of 184 agematched subjects was implemented. None of the control
group had ever experienced symptoms of VTE or arterial
thrombosis (acute myocardial infarction, peripheral
arterial disease or stroke).
Furthermore, we expanded the ThroLy score for the
prediction of VTE in lymphoma patients by adding one
new biomarker, MPV, to find out whether the stratification
of patients into high- and intermediate-risk group could be
achieved more accurately.
The Bioethical Committee of Poznan University of
Medical Sciences approved the study, in accordance with
the Declaration of Helsinki.
The present report adheres to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement [14].

MATERIALS AND METHODS
Patients
We retrospectively studied consecutive adult
patients newly diagnosed with HL and receiving first
line chemotherapy between 2009 and 2016, for VTE risk
factors and the occurrence of VTE. All studied patients
were in good general condition (ECOG/WHO performance
status 0-2) and were qualified for ABVD regimen in the
outpatient clinic of the Department of Haematology and
Bone Marrow Transplantation at the Poznan University
of Medical Sciences between June 2009 and June 2016.
Administration of chemotherapy was by peripheral veins
and no patients had central venous catheters implemented
during their first-line therapy. None of the patients were
given erythropoiesis-stimulating agents. The observation
time was defined by the study end date (December 2016),
disease progression, and occurrence of VTE or death.
Patients who received anticoagulants at the start
of chemotherapy due to atrial fibrillation or previous
VTE events were excluded from the study (n=7). No
routine screening for VTE was conducted. Diagnosis of
symptomatic VTE consisted of ultrasounds with Doppler
and colour imaging for deep-vein thrombosis (DVT), or
computed tomography angiography (CTA) for pulmonary
embolism.
Demographic data and clinical details (stage of
disease according to the Lugano classification, presence
of constitutional symptoms, bulky disease (mediastinal
involvement) defined as the longest measurement of
tumour mass of 10 cm or greater, International Prognostic
Score (IPS) and KRS) were all analysed [11, 12]. All
demographic and clinical data for all patients were
complete from the commencement of treatment and
during follow-up. According to the KRS, patients were
categorised into intermediate (1-2 points) and high risk
(≥3 points) groups for the development of VTE, based
www.oncotarget.com

Statistical methods
Assuming a VTE event rate of about 8% based
on averages from literature [15–17], we calculated that
at least 120 patients would be required to determine the
role of MPV with a power of 90% using a two-side test
at an alpha level of 0.05. The results are presented using
methods of descriptive statistics, such as frequency (n),
arithmetic mean (x–) and standard deviation (SD) for
normally distributed variables. Otherwise, medians and
the standard error (SE) with interquartile ranges (25
and 75 percentile) were used. The Shapiro-Wilk test
was performed to assess normality. In order to compare
differences between the groups, the chi-square test was
used for categorical variables and the Mann–Whitney
U test for continuous variables. Receiver Operating
Characteristic (ROC) curve analysis was performed to
determine the MPV cut-off values for the MPV level
21197
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predictive of VTE development and for the evaluation of
VTE-risk assessment models.
Univariate logistic regression was used to
evaluate potential risk factors that might influence
VTE. Multivariate analysis was performed with selected
variables that were significant in univariate analysis
(p<0.05). In each model, the odds ratio (OR) for each
independent variable was determined with a confidence
interval (CI) of 95%.
The probabilities of survival were estimated by the
Kaplan–Meier method and univariate comparisons were
performed using the log-rank test, otherwise the Chisquare test was used to analyse multiple variables. The
Cox proportional hazards model was fitted to estimate
the effect of the analysed factors on the outcome. In
this model, the hazard ratio (HR) for each independent
variable was determined with a confidence interval (CI)
of 95%. A p-value below 0.05 was regarded as statistically
significant. The statistical analyses were performed with
STATISTICA 13 and STATISTICA Medical Package
(StatSoft, Inc. Tulsa, Oklahoma, USA).

7. 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. https://doi.org/10.1016/j.thromres.2016.01.006.
8. Connolly GC, Phipps RP, Francis CW. Platelets and cancerassociated thrombosis. Semin Oncol. 2014; 41: 302-10.
https://doi.org/10.1053/j.seminoncol.2014.04.009.
9. Riedl J, Kaider A, Reitter EM, Marosi C, Jager
U, Schwarzinger I, Zielinski C, Pabinger I, Ay C.
Association of mean platelet volume with risk of venous
thromboembolism and mortality in patients with cancer.
Results from the Vienna Cancer and Thrombosis Study
(CATS). Thromb Haemost. 2014; 111: 670-8. https://doi.
org/10.1160/TH13-07-0603.
10. Ferroni P, Guadagni F, Riondino S, Portarena I, Mariotti
S, La Farina F, Davi G, Roselli M. Evaluation of mean
platelet volume as a predictive marker for cancerassociated venous thromboembolism during chemotherapy.
Haematologica. 2014; 99: 1638-44. https://doi.org/10.3324/
haematol.2014.109470.
11. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz
LH, Zucca E, Lister TA, and Alliance, Australasian
Leukaemia and Lymphoma Group, and Eastern
Cooperative Oncology Group, and European Mantle
Cell Lymphoma Consortium, and Italian Lymphoma
Foundation, and European Organisation for Research, and
Treatment of Cancer/Dutch Hemato-Oncology Grou p,
and Grupo Español de Médula Ósea, and German HighGrade Lymphoma Study Group, and German Hodgkin’s
Study Group, and Japanese Lymphorra Study Group,
and Lymphoma Study Association, and NCIC Clinical
Trials Group, and Nordic Lymphoma Study Group, and
Southwest Oncology Group, and United Kingdom National
Cancer Research Institute. Recommendations for initial
evaluation, staging, and response assessment of Hodgkin
and non-Hodgkin lymphoma: the Lugano classification. J
Clin Oncol. 2014; 32:3059–68.

CONFLICTS OF INTEREST
exist.

The authors declare that no conflicts of interest

REFERENCES
1. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis
CW. Development and validation of a predictive model for
chemotherapy-associated thrombosis. Blood. 2008; 111:
4902-7. https://doi.org/10.1182/blood-2007-10-116327.
2. Sorensen HT, Mellemkjaer L, Olsen JH, Baron
JA. Prognosis of cancers associated with venous
thromboembolism. N Engl J Med. 2000; 343: 1846-50.
https://doi.org/10.1056/NEJM200012213432504.
3. Pabinger I, Thaler J, Ay C. Biomarkers for prediction of
venous thromboembolism in cancer. Blood. 2013; 122:
2011-8. https://doi.org/10.1182/blood-2013-04-460147.

12. Hasenclever D, Diehl V, Armitage JO, Assouline D,
Björkholm M, Brusamolino E, Canellos GP, Carde P,
Crowther D, Cunningham D, Eghbali H, Ferm C, Fisher RI,
et al. A prognostic score for advanced Hodgkin’s disease.
International Prognostic Factors Project on Advanced
Hodgkin’s Disease. N Engl J Med. 1998; 339: 1506-14.
https://doi.org/10.1056/NEJM199811193392104.

4. Tafur AJ, Caprini JA, Cote L, Trujillo-Santos J, Del Toro
J, Garcia-Bragado F, Tolosa C, Barillari G, Visona A,
Monreal M, and RIETE Investigators. Predictors of active
cancer thromboembolic outcomes. RIETE experience of the
Khorana score in cancer-associated thrombosis. Thromb
Haemost. 2017; 117: 1192-8. https://doi.org/10.1160/
th16-11-0840.

13. Antic D, Milic N, Nikolovski S, Todorovic M, Bila J,
Djurdjevic P, Andjelic B, Djurasinovic V, Sretenovic
A, Vukovic V, Jelicic J, Hayman S, Mihaljevic B.
Development and validation of multivariable predictive
model for thromboembolic events in lymphoma patients.
Am J Hematol. 2016; 91: 1014-9. https://doi.org/10.1002/
ajh.24466.

5. Falanga A, Schieppati F, Russo D. Cancer Tissue
Procoagulant Mechanisms and the Hypercoagulable State
of Patients with Cancer. Semin Thromb Hemost. 2015; 41:
756-64. https://doi.org/10.1055/s-0035-1564040.
6. Ay C, Pabinger I, Cohen AT. Cancer-associated venous
thromboembolism: Burden, mechanisms, and management.
Thromb
Haemost.
2016.
https://doi.org/10.1160/
TH16-08-0615.
www.oncotarget.com

14. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche
PC, Vandenbroucke JP, and STROBE Initiative. The
Strengthening the Reporting of Observational Studies
21198

Oncotarget

in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Lancet. 2007; 370: 1453-7.
https://doi.org/10.1016/s0140-6736(07)61602-x.

26. Rupa-Matysek J, Gil L, Kroll-Balcerzak R, Baranska
M, Komarnicki M. Mean platelet volume as a predictive
marker for venous thromboembolism and mortality in
patients treated for diffuse large B-cell lymphoma. Hematol
Oncol. 2016. https://doi.org/10.1002/hon.2321.

15. Khorana AA, Francis CW, Culakova E, Lyman GH.
Risk factors for chemotherapy-associated venous
thromboembolism in a prospective observational study.
Cancer. 2005; 104: 2822-9. https://doi.org/10.1002/
cncr.21496.

27. Riedl J, Kaider A, Marosi C, Prager GW, Eichelberger B,
Assinger A, Pabinger I, Panzer S, Ay C. Decreased platelet
reactivity in patients with cancer is associated with high risk
of venous thromboembolism and poor prognosis. Thromb
Haemost. 2017; 117:90–98. https://doi.org/10.1160/
TH16-02-0123.

16. Park LC, Woo SY, Kim S, Jeon H, Ko YH, Kim SJ,
Kim WS. Incidence, risk factors and clinical features of
venous thromboembolism in newly diagnosed lymphoma
patients: results from a prospective cohort study with
Asian population. Thromb Res. 2012; 130: 14. https://doi.
org/10.1016/j.thromres.2012.03.019.

28. Riedl J, Hell L, Kaider A, Koder S, Marosi C, Zielinski C,
Panzer S, Pabinger I, Ay C. Association of platelet activation
markers with cancer-associated venous thromboembolism.
Platelets. 2016; 27: 80-5. https://doi.org/10.3109/09537104
.2015.1041901.

17. Yokoyama K. Thrombosis in Lymphoma Patients and in
Myeloma Patients. Keio J Med. 2015; 64: 37-43. https://
doi.org/10.2302/kjm.2014-0017-RE.

29. Lekovic D, Miljic P, Mihaljevic B. Increased risk of venous
thromboembolism in patients with primary mediastinal
large B-cell lymphoma. Thromb Res. 2010; 126: 477-80.
https://doi.org/10.1016/j.thromres.2010.08.017.

18. Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC.
Epidemiology of cancer-associated venous thrombosis.
Blood. 2013; 122: 1712-23. https://doi.org/10.1182/
blood-2013-04-460121.
19. Khorana AA, Francis CW, Culakova E, Kuderer NM,
Lyman GH. Thromboembolism is a leading cause of death
in cancer patients receiving outpatient chemotherapy.
J Thromb Haemost. 2007; 5: 632-4. https://doi.
org/10.1111/j.1538-7836.2007.02374.x.

30. Caruso V, Di Castelnuovo A, Meschengieser S, Lazzari
MA, de Gaetano G, Storti S, Iacoviello L, Donati MB.
Thrombotic complications in adult patients with lymphoma:
a meta-analysis of 29 independent cohorts including 18 018
patients and 1149 events. Blood. 2010; 115: 5322-8. https://
doi.org/10.1182/blood-2010-01-258624.

20. Ay C, Dunkler D, Marosi C, Chiriac AL, Vormittag R,
Simanek R, Quehenberger P, Zielinski C, Pabinger I.
Prediction of venous thromboembolism in cancer patients.
Blood. 2010; 116: 5377-82. https://doi.org/10.1182/
blood-2010-02-270116.

31. Ashrani AA, Gullerud RE, Petterson TM, Marks RS,
Bailey KR, Heit JA. Risk factors for incident venous
thromboembolism in active cancer patients: A population
based case-control study. Thromb Res. 2016; 139: 29-37.
https://doi.org/10.1016/j.thromres.2016.01.002.

21. 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: 157-62. https://doi.
org/10.1111/j.1538-7836.2009.03498.x.

32. Mahajan A, Wun T, Chew H, White RH. Lymphoma
and venous thromboembolism: influence on mortality.
Thromb Res. 2014; 133: S23-8. https://doi.org/10.1016/
s0049-3848(14)50004-7.
33. Borg IH, Bendtsen MD, Bogsted M, Madsen J, Severinsen
MT. Incidence of venous thromboembolism in patients with
diffuse large B-cell lymphoma. Leuk Lymphoma. 2016; 57:
2771-6. https://doi.org/10.1080/10428194.2016.1185782.

22. Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW,
Konkle B, Mohler ER, Reilly MP, Berger JS. Mean platelet
volume as a predictor of cardiovascular risk: a systematic
review and meta-analysis. J Thromb Haemost. 2010; 8:
148-56. https://doi.org/10.1111/j.1538-7836.2009.03584.x.

34. Lim SH, Woo SY, Kim S, Ko YH, Kim WS, Kim SJ.
Cross-sectional Study of Patients with Diffuse Large
B-cell lymphoma: Assessing the Effect of Host Status,
Tumor Burden and Inflammatory Activity on Venous
Thromboembolism. Cancer Res Treat. 2015; 2: 266. https://
doi.org/10.4143/crt.2014.266.

23. Freynhofer MK, Iliev L, Bruno V, Rohla M, Egger F, Weiss
TW, Hubl W, Willheim M, Wojta J, Huber K. Platelet
turnover predicts outcome after coronary intervention.
Thromb Haemost. 2017; 117: 923-33. https://doi.
org/10.1160/th16-10-0785.
24. Sansanayudh N, Numthavaj P, Muntham D, Yamwong S,
McEvoy M, Attia J, Sritara P, Thakkinstian A. Prognostic
effect of mean platelet volume in patients with coronary
artery disease. A systematic review and meta-analysis.
Thromb Haemost. 2015; 114: 1299-309. https://doi.
org/10.1160/th15-04-0280.

35. Ottinger H, Belka C, Kozole G, Engelhard M, Meusers P,
Paar D, Metz KA, Leder LD, Cyrus C, Gnoth S, Gerhartz
H, Huhn D, Siegert W, et al. Deep venous thrombosis
and pulmonary artery embolism in high-grade non
Hodgkin’s lymphoma: incidence, causes and prognostic
relevance. Eur J Haematol. 1995; 54: 186-94. https://doi.
org/10.1111/j.1600-0609.1995.tb00214.x.

25. Falanga A, Marchetti M, Russo L. The mechanisms of
cancer-associated thrombosis. Thromb Res. 2015; 135:
S8-s11. https://doi.org/10.1016/s0049-3848(15)50432-5.

36. Lund JL, Ostgard LS, Prandoni P, Sorensen HT, de
Nully Brown P. Incidence, determinants and the transient
impact of cancer treatments on venous thromboembolism

www.oncotarget.com

21199

Oncotarget

risk among lymphoma patients in Denmark. Thromb
Res. 2015; 136: 917-23. https://doi.org/10.1016/j.
thromres.2015.09.001.

systematic review and meta-analysis. Platelets. 2016; 27:
722-8. https://doi.org/10.3109/09537104.2016.1169265.
46. Zhuang Q, Xiang L, Xu H, Fang F, Xing C, Liang B, Yu
K, Feng J. The independent association of mean platelet
volume with overall survival in multiple myeloma.
Oncotarget. 2016; 7: 62640-6. https://doi.org/10.18632/
oncotarget.11551.

37. Mandala M, Clerici M, Corradino I, Vitalini C, Colombini
S, Torri V, De Pascale A, Marsoni S. Incidence, risk factors
and clinical implications of venous thromboembolism in
cancer patients treated within the context of phase I studies:
the ’SENDO experience’. Ann Oncol. 2012; 23: 1416-21.
https://doi.org/10.1093/annonc/mdr524.

47. 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-smallcell lung cancer. Mol Clin Oncol. 2015; 3: 197-201. https://
doi.org/10.3892/mco.2014.436.

38. Agnelli G, George DJ, Kakkar AK, Fisher W, Lassen MR,
Mismetti P, Mouret P, Chaudhari U, Lawson F, Turpie
AG, and SAVE-ONCO Investigators. Semuloparin for
thromboprophylaxis in patients receiving chemotherapy
for cancer. N Engl J Med. 2012; 366: 601-9. https://doi.
org/10.1056/NEJMoa1108898.

48. Kuderer NM, Culakova E, Lyman GH, Francis C, Falanga
A, Khorana AA. A Validated Risk Score for Venous
Thromboembolism Is Predictive of Cancer Progression
and Mortality. Oncologist. 2016; 21: 861-7. https://doi.
org/10.1634/theoncologist.2015-0361.

39. Macbeth F, Noble S, Evans J, Ahmed S, Cohen D, Hood K,
Knoyle D, Linnane S, Longo M, Moore B, Woll PJ, Appel
W, Dickson J, et al. Randomized Phase III Trial of Standard
Therapy Plus Low Molecular Weight Heparin in Patients
With Lung Cancer: FRAGMATIC Trial. J Clin Oncol. 2016;
34: 488-94. https://doi.org/10.1200/jco.2015.64.0268.

49. Sohal DP, Shrotriya S, Glass KT, Pelley RJ, McNamara
MJ, Estfan B, Shapiro M, Wey J, Chalikonda S, MorrisStiff G, Walsh RM, Khorana AA. Predicting early mortality
in resectable pancreatic adenocarcinoma: A cohort study.
Cancer. 2015; 121: 1779-84. https://doi.org/10.1002/
cncr.29298.

40. Mansfield AS, Tafur AJ, Wang CE, Kourelis TV,
Wysokinska EM, Yang P. Predictors of active cancer
thromboembolic outcomes: validation of the Khorana score
among patients with lung cancer. J Thromb Haemost. 2016;
14: 1773-8. https://doi.org/10.1111/jth.13378.

50. Farge D, Bounameaux H, Brenner B, Cajfinger F,
Debourdeau P, Khorana AA, Pabinger I, Solymoss
S, Douketis J, Kakkar A. International clinical
practice guidelines including guidance for direct oral
anticoagulants in the treatment and prophylaxis of
venous thromboembolism in patients with cancer. Lancet
Oncol. 2016; 17:e452–66. https://doi.org/10.1016/
s1470-2045(16)30369-2.

41. van Es N, Franke VF, Middeldorp S, Wilmink JW, Buller
HR. The Khorana score for the prediction of venous
thromboembolism in patients with pancreatic cancer.
Thromb Res. 2017; 150: 30-2. https://doi.org/10.1016/j.
thromres.2016.12.013.
42. van Es N, Di Nisio M, Cesarman G, Kleinjan A, Otten HM,
Mahe I, Wilts IT, Twint DC, Porreca E, Arrieta O, Stepanian
A, Smit K, De Tursi M, et al. Comparison of risk prediction
scores for venous thromboembolism in cancer patients: a
prospective cohort study. Haematologica. 2017; 102:1494–
501. https://doi.org/10.3324/haematol.2017.169060.

51. Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY,
Arcelus JI, Balaban EP, Clarke JM, Flowers CR, Francis
CW, Gates LE, Kakkar AK, Key NS, et al, and American
Society of Clinical Oncology. Venous thromboembolism
prophylaxis and treatment in patients with cancer: american
society of clinical oncology clinical practice guideline
update 2014. J Clin Oncol. 2015; 33: 654-6. https://doi.
org/10.1200/jco.2014.59.7351.

43. Santi RM, Ceccarelli M, Bernocco E, Monagheddu C,
Evangelista A, Valeri F, Monaco F, Vitolo U, Cortelazzo
S, Cabras MG, Spina M, Baldini L, Boccomini C, et al.
Khorana score and histotype predicts incidence of early
venous thromboembolism in non-Hodgkin lymphomas.
A pooled-data analysis of 12 clinical trials of Fondazione
Italiana Linfomi (FIL). Thromb Haemost. 2017. https://doi.
org/10.1160/TH16-11-0895.

52. Mandala M, Falanga A, Roila F, Group EGW. Management
of venous thromboembolism (VTE) in cancer patients:
ESMO Clinical Practice Guidelines. Ann Oncol. 2011; 22:
vi85-92. https://doi.org/10.1093/annonc/mdr392.
53. Jimenez-Fonseca P, Carmona-Bayonas A, Calderon C,
Fontcuberta Boj J, Font C, Lecumberri R, Monreal M,
Muñoz Martín AJ, Otero R, Rubio A, Ruiz-Artacho
P, Suarez Fernández C, Colome E, Pérez Segura P.
FOTROCAN Delphi consensus statement regarding the
prevention and treatment of cancer-associated thrombosis
in areas of uncertainty and low quality of evidence. Clin
Transl Oncol. 2017; 19:997–1009.

44. Komrokji RS, Uppal NP, Khorana AA, Lyman GH, Kaplan
KL, Fisher RI, Francis CW. Venous thromboembolism
in patients with diffuse large B-cell lymphoma.
Leuk Lymphoma. 2006; 47: 1029-33. https://doi.
org/10.1080/10428190600560991.
45. Pyo JS, Sohn JH, Kang G. Diagnostic and prognostic
roles of the mean platelet volume in malignant tumors: a

www.oncotarget.com

21200

Oncotarget

