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Introduction: The diagnostic value of the D-dimer test varies with variable platelet
numbers and functions in patients suffering from cancer and concomitant pulmonary
thromboembolism (PTE). This requires easy and reliable evaluation tests. In this study,
we aimed to investigate the hypothesis that platelet functions may be more guiding in
the prediction and diagnosis of PTE rather than the number of platelets in cancer pa-
tients.

Methods: The clinical, laboratory and radiological findings of all patients diagnosed
with PTE were retrieved, retrospectively. Comparisons were performed between “can-
cer-free” and “cancer” patients. The patients were also evaluated according to their
active and remission status.

Results: The data of 232 patients with PTE were reviewed. 172 patients were cancer-
free and 60 were diagnosed with cancer. The mean values of D-dimer, mean platelet
volume (MPV) and platelet distribution width (PDW) were found to be significantly
higher in patients with cancer (P=0.015, P=0.026, and P=0.023; respectively). On the
other hand, mean platelet counts were significantly higher in patients without cancer
(P=0.05). It was also observed that the mean values of D-dimer, Troponin-I, MPYV,
and PDW were found to be significantly higher in patients with active cancer (P=0.05,
P=0.044, P=0.05, and P=0.042; respectively). However, the mean platelet counts were
significantly higher in patients with cancer who were in remission (P=0.05).
Conclusions: The morphological characteristics of the platelets are more determinant
than the number of platelets in cancer patients with PTE. Platelet indexes such as MPV
and PDW may be useful in the prediction, diagnosis, and follow-up of PTE in patients
with cancer.

© 2020. Multidisciplinary Cancer Investigation

INTRODUCTION
There is an increased risk of pulmonary the second cause of death in cancer patients after
thromboembolism (PTE) in patients with infections. This tendency to thrombosis in cancer

malignancy. Moreover, PTE may be the first sign of
malignancy which is associated with a high rate of
morbidity and mortality in cancer patients. Cancer
patients have a known propensity for thrombosis
and 20-30% of all PTEs are cancer-related. PTE is

patients may be the result of changes in the amount
and activity of the clotting factor or due to the
underlying disease itself, treatment of the disease,
and changes in platelet function. Also, new evidence
suggests that interactions between platelets and



malignant cells lead to platelet activation and an
increased incidence of thrombosis. Thrombotic
effects of platelets in cancer patients has become
more important; considering both the important
roles of platelets in thrombosis and their prognostic
role in malignancies [1-4]. The prognostic value of
elevated D-dimer in progressive metastatic cancers
without thrombosis has been shown in the previous
studies [5, 6]. Fibrin formation and its removal
occur steadily during cancer progression. On the
other hand, thrombotic disorders may range from
asymptomatic laboratory changes to massive PTE
in cancer patients [5, 6]. Even in the literature, a
case of occult metastatic colorectal adenocarcinoma
has been reported by investigating the etiology
of D-dimer elevation [7]. On the other hand, the
possibility of PTE occurrence in cancer patients
with normal D-dimer levels is under investigation.
In a large study of active cancer patients, D-dimer
levels were not elevated in approximately 3% of
those diagnosed with PTE [6, 8]. This situation
significantly decreases the diagnostic value of high
or low D-dimer levels in cancer patients.

Platelets are small blood cells that play a leading
role in coagulation and homeostasis. They are
circulating anucleate disc-shaped cells with
an average half-life of 8-12 days. The normal
concentration of platelets is between 150,000 and
400,000 / L in peripheral blood. It is well known
that platelets are responsible for the initiation of
the hemostatic mechanisms; repairing the injuries
made to the vascular endothelium. Platelets act a
major role in almost all four major steps of the first
phase of hemostasis which is referred to as primary
hemostasis. These steps include adhesion to the
injury site, activation/secretion, aggregation, and
interaction with coagulation factors. In light of these
facts, it is obvious that changes in coagulation are
one of the key points in thrombosis and thus in the
pathogenesis of thromboembolism. This is the main
basis of the close relationship between platelets
and PTE [9, 10]. The qualitative and quantitative
properties of platelets have been shown to play an
important role in the pathogenesis, morbidity, and
mortality of patients with PTE. Platelet volume
indices are simple and low-cost tests that are
measured as part of complete blood counts (CBC)
and are easy ways to assess platelet functions.
Circulating platelets differ in size and hemostatic
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potential. The mean platelet volume (MPV),
indicative of this variability, is usually routinely
studied as part of a CBC. MPV is determined during
both megakaryopoiesis and thrombopoiesis. MPV is
a simple and accurate sign of platelet activation and
platelet function [11, 12]. Platelet distribution width
(PDW) has also been demonstrated as another sign of
platelet activation which measures the variability in
platelet size. Additionally, a significant association
between increased MPV and both arterial and
venous diseases such as myocardial infarction (MI)
and PTE, has been shown in previous studies [13,
14].

There is a need for an easy and quick assessment
method for screening PTE in cancer patients.
Considering both the suspected diagnostic value of
D-dimer in cancer patients and the significant role
of platelet index in PTE, the idea has emerged that
this relationship may play a prognostic role in the
evaluation of PTE in cancer patients. In this study,
we aimed to investigate the hypothesis that platelet
functions may be more guiding in the prediction and
diagnosis of PTE rather than the number of platelets
in cancer patients.

METHODS

Initially, the approval was obtained from the ethics
committee of the faculty for this retrospective study.
Subsequently, the patients who were diagnosed with
acute PTE between the dates October 2016-October
2019 in Health Sciences University, Gulhane
Medical Faculty, Chest Diseases Department
(Ankara, Turkey) were evaluated, retrospectively.
Patients who had been diagnosed in another health
center, whose data on the date of diagnosis could
not be reached or missing and patients who were
out of the follow-up were excluded from the study.
Additionally, the patients with thrombocytopenia
due to medical treatments or chronic conditions and
patients with active hematological diseases were
excluded from the study. All patients’ demographic
data, hemogram results, Well’s score, pulmonary
embolism severity index (PESI), and simplified
version of PESI (sPESI), mortality risk scores,
malignancy status, type of malignancy (if any),
hospitalization period, and mortality status were
recorded. Other indices in the CBC including
hemoglobin (HGB), hematocrit (HCT), white blood
cell (WBC), platelet (PLT), PDW, and MPV were
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retrieved. Comparisons were performed between
“cancer-free” and “cancer” patients. The patients
were evaluated according to theiractive and remission
status. Malignancy types were also examined.
The statistical relationships between investigated
parameters were evaluated. The obtained data were
analyzed by SPSS for Mac 20.0 package program
(SPSS Inc, Chicago, IL, USA). The mean0Ostandard
deviation (SD) for all variables were calculated.
The meanOSD for continuous variables, frequency,
and percentage for discrete data were used in
descriptive statistics. SDs were determined with the
mean values for each parameter. For the analysis of
demographic data, groups and subgroups values (%)
were calculated with numerical data. The normality
of the continuous variables was analyzed with the
Kolmogorov-Smirnov test. In the assessment of
correlations, the Spearman test was used for data
with non-parametric distribution; while Pearson test
was applied for data with the parametric distribution.
Mean values with non-parametric distributions were
compared by Mann-Whitney U and Kruskal-Wallis
H tests. Mean values with parametric distribution
between groups were compared by Student’s T
test and Oneway Analysis of Variance (ANOVA).
P-value less than 0.05 was considered as statistically
significant.

RESULTS

In the last 3 years, 312 patients with PTE were
followed up in our clinic. Data from 232 patients
were eligible for inclusion in the study. A total of
172 patients were cancer-free and 60 were affected
with cancer. The data of 232 patients with PTE were
reviewed, retrospectively. A total of 120 patients
were female and 112 were male. The mean age of
the patients was 66.48 years. Previous deep vein
thrombosis (DVT) / PTE history was present in
16.38% of the cases. Acute DVT was positive in
36.21%. The mean hospital stay was 7.02 days.
When the early mortality risks of the patients were
evaluated, it was observed that 21 cases (9.05%) had
high mortality risk (massive), 63 cases (27.15%) had
intermediate-high mortality risk, 83 cases (35.77%)
had intermediate-low mortality risk, and 75 cases
(32.32%) had low mortality risk. Comparison
of cancer-free and cancer patients: When the
general clinical features were examined, there was
no significant difference in the age and gender

distribution of these two groups. Previous DVT
or PTE history did not differ between the groups
but acute DVT was significantly more frequent
in cancer patients (P=0.05). While the mean of
Well’s and PESI scores were significantly higher in
cancer patients, there was no significant difference
in the mean sPESI score (P=0.045, P=0.042, and
P=0.7; respectively). When the first 30-day early
mortality risks were examined, it was seen that
the intermediate-high and intermediate-low risk
groups were more frequent in cancer patients and
the low mortality risk was more frequent in cancer-
free patients (P=0.034, P=0.041, and P=0.038;
respectively). High mortality risk did not differ
between the groups. Similarly, the early mortality of
patients did not differ significantly. Similar results
were found during the hospitalization (Table 1).
When the laboratory values were examined, the
mean values of D-dimer, MPV, and PDW were found
to be significantly higher in patients with cancer
(P=0.015, P=0.026, and P=0.023; respectively).
On the other hand, the mean platelet counts were
significantly higher in patients without cancer
(P=0.05). Other laboratory parameters did not show
a significant difference between groups (Table 1).
The localization of thrombi causing PTE was also
investigated. In general, the settlements dominating
the table were recorded. The presence of thrombus in
the pulmonary artery trunk and the main pulmonary
arteries was more frequent in patients with cancer
(P=0.043 and P=0.05; respectively). Other
localization did not differ significantly between
groups (Table 2).

Evaluation of Cancer Patients

A total of 47 patients had active cancer and 13
individuals were in remission. The mean age and
gender distributions did not differ significantly
between the two groups. When cancer areas were
examined, lung, colorectal, breast, and ovarian
malignancies were found to be the most common
in patients with active cancer (Figure 1). In patients
who were in remission period, lung, colorectal and
prostate cancer were most common (Figure 2).

Previous DVT and/or PTE, and acute DVT were
significantly more frequent in patients with active
cancer (P=0.012 and P=0.05; respectively). Well’s
and PESI scores were not significantly different
between the groups, whereas the mean sPESI was
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Table 1: Comparison of Cancer-Free and Cancer Patients®

Cancer-Free Patients Cancer Patients P Value

Cases, No. 172 60 =
Age, yr, mean 67 65 NS
Gender, No.(%)

Female 94 (54.65) 26 (43.33) NS

Male 78 (45.35) 34 (56.66) NS
Previous DVT/PTE History, No.(%) 29 (16.86) 9 (15.00) NS
Acute DVT, No.(%) 57 (33.14) 27 (45.00) 0.050
Well’s Score 4.17 5.32 0.045
PESI Points 105.71 122.78 0.042
sPESI Points 2.12 2.51 NS
Early Mortality Risk (first 30 days), No.(%)

High 16 (9.30) 5(8.33) NS

Intermediate-High 39 (22.67) 24 (40.00) 0.034

Intermediate-Low 56 (32.56) 27 (45.00) 0.041
Low 61 (35.46) 14 (23.33) 0.038
Length of Hospital Stay, d 7.01 7.03 NS
Thrombolytic Therapy, No.(%) 21 (12.21) 3 (5.00) b
Early Mortality Rate (first 30 days), No.(%) 14 (8.14) 7 (11.66) NS
D-Dimer, ng/mL 5139.91 9172.82 0.015
Trop-1, pg/mL 113.82 152.67 NS
CK-MB, U/L 6.66 8.42 NS
Nt-ProBNP 2504.73 2258.38 NS
HGB, g/L 12.71 11.55 NS
HCT, % 38.69 36.35 NS
WBC (x10° cell/pL) 10.48 11.62 NS
Platelet (x10° cell/pL) 292883.67 214661.76 0.050
MPYV, fLL 8.21 10.01 0.026
PDW 9.91 12.31 0.023
ESR 46.45 50.25 NS
CRP 74.67 76.31 NS

* Abbreviations: CRP, C-reactive protein; DVT, deep vein thrombosis; ESR, erythrocyte sedimentation rate; HCT, hematocrit; HGB,

hemoglobin; MPV, mean platelet volume; NS, non-significant; PDW, platelet distribution width; PESI, pulmonary embolism severity

index; PTE, pulmonary thromboembolism; sPESI, simplified pulmonary embolism severity index; WBC, white blood cell

b Since the number of thrombolytic cases was low, statistical comparison was not appropriate.

Table 2: Localizations of Thrombi in Pulmonary Arterial Tree *

Cancer-Free Patients Cancer Patients P Value
Cases, No. 172 60 -
Trunk of PA, No.(%) 6 (3.5) 5(8.3) 0.043
Right/Left PA, No.(%) 45 (26.2) 25 (41.6) 0.050
Lobar Branches, No.(%) 95 (55.2) 43 (71.6) NS
Segment Branches, No.(%) 136 (79.1) 54 (90.0) NS
Subsegment Branches, No.(%) 97 (56.4) 30 (50.0) NS

2 Abbreviations: NS, non-significant; PA, pulmonary artery
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Table 3: Comparison of Patients With Active Cancer and Cancer in Remission®

Active Cancer Cancer in Remission P Value

Cases, No.(%) 47 13 -
Age, yr, No.(%) 65 66 NS

Gender

Female, No.(%) 19 (40.42) 6 (46.15) NS
Male, No.(%) 28 (59.57) 7(53.84) NS
Previous DVT/PTE History, No.(%) 8(17.02) 1 (7.69) 0.012
Acute DVT, No.(%) 22 (46.81) 5(38.46) 0.050
Well’s Score 5.48 4.69 NS
PESI Points 126.51 115.77 NS
sPESI Points 2.74 1.85 0.050

Early Mortality Risk (first 30 days), No.(%)

High 5(10.64) 0 (0.00) 0.001

Intermediate-High 18 (38.29) 6 (46.15) NS
Intermediate-Low 23 (48.94) 4 (30.77) 0.05
Low 9 (19.15) 3(23.07) NS
Length of Hospital Stay, d 6.91 8.08 NS
Thrombolytic Therapy, No.(%) 3(6.38) 0 (0.00) e
Early Mortality Rate (first 30 days), No.(%) 6 (12.76) 1 (7.69) 0.045
D-dimer, ng/mL 9321.85 8634.02 0.050
Trop-I, pg/mL 158.01 66.84 0.044
CK-MB, U/L 8.22 8.36 NS
HGB, g/L 11.47 11.14 NS
HCT, % 35.27 34.55 NS
WBC (x10° cell/pL) 12.22 10.32 NS
Platelet (x10° cell/pL) 209520.23 233251.21 0.047
MPY, fL 10.51 8.21 0.050
PDW 12.92 10.11 0.042
ESR 52.51 46.25 NS
CRP 82.63 53.46 NS

* Abbreviations: CRP, C-reactive protein; DVT, deep vein thrombosis; ESR, erythrocyte sedimentation rate; HCT, hematocrit; HGB,

hemoglobin; MPV, mean platelet volume; NS, non-significant; PDW, platelet distribution width; PESI, pulmonary embolism severity

index; PTE, pulmonary thromboembolism; sPESI, simplified pulmonary embolism severity index; WBC, white blood cell

® Since the number of thrombolytic cases was low, statistical comparison was not appropriate.

significantly higher in patients with active cancer
(P=0.05). The first 30-day early mortality risks were
also compared between patients with active cancer
and those in remission. High mortality risk and
intermediate-low mortality risk were significantly
more frequent in patients with active cancer
(P=0.001 and P=0.05; respectively). Additionally,
the early mortality (mortality in the first 30-days)
was more frequent in patients with active cancer

10

(P=0.045). Other clinical findings did not show a
significant difference between groups (Table 3).
The laboratory values were also compared between
cancer sub-groups. It was observed that the mean
values of D-dimer, Troponin-I, MPV, and PDW
were found to be significantly higher in patients
with active cancer (P=0.05, P=0.044, P=0.05,
and P=0.042; respectively). However, the mean
platelet counts were significantly higher in patients
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who were in remission (P=0.05). Other laboratory
parameters did not show a significant difference
between groups (Table 3).

DISCUSSION

The correlation between cancer and venous
thromboembolism (VTE) was first reported in
1865 by Armand Trousseau [15]. In general,
active cancer is considered to increase the risk of
PTE by 4-7 times [16, 17]. So, there is a need for
evaluating the modalities that can predict PTE in
cancer patients. Although the relationship between
cancer and thrombosis has not been fully elucidated,
there is sufficient evidence to suggest some potential
mechanisms. For example, the association of
circulating cancer cells with platelets can increase
platelet concentration and facilitate thrombosis.
Direct interaction with tumor cells induces platelet
aggregation in experimental cancer models.
Besides, cancer cells directly excrete thrombin
and other mediators, which interact with platelet
surface receptors such as P2Y12, PAR-1, PAR-4
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and thromboxane receptors. Tumors also secrete
matrix metalloproteinases and IL-6, which have
been shown to activate platelets directly. Another
result of this mechanism other than thrombosis is
the increase in the spread of cancer cells [18, 19].
The second mechanism is the protection of platelets
from the cytotoxicity of circulating natural killer
cells by wrapping the cancer cells as a protective
cape [20, 21]. It has not yet been fully clarified if
the number or morphological characteristics of the
platelet is more decisive. It is well known that the
PTE incidence increases despite the increase in the
active platelet count which is frequently observed
especially in patients with active cancer undergoing
chemotherapy [2, 4, 18]. This suggests that increased
thrombocytosis in patients with active cancer is
dominated by changes in platelet morphology and
function rather than the platelet counts. In light of
these findings, evaluation of platelet count alone is
not sufficient in cancer patients and PDW and MPV,
which are morphological indicators of platelet index,
may also be important. In fact, with a retrospective
cohort study in which all these patients were
monitored for pre-PTE platelet levels, this confusion
could be further illuminated. When our results were
examined in terms of isolated platelet counts, it was
seen that cancer patients, especially patients with
active cancer, had lower platelet counts. However,
despite the low platelet count, the higher thrombus
burden in patients with active cancer supports the
morphological and functional relationship we have
just mentioned.

The search for an easy and reliable marker in
diagnostic algorithms in acute PTE and DVT has
been going on for a long time. D-dimer, a fibrin
degradation product, is still considered to be the most
suitable biomarker in light of current guidelines.
However, the diagnostic value of D-dimer is easily
affected by many chronic diseases and cancers. In
such cases, a high baseline value leads the patient to
overdiagnosis, and many cases of cancer diagnosed
with acute PTE have been reported with low D-dimer
levels [5, 7, 19]. It has been well documented that
some hematological malignancies secrete proteolytic
factors. Some patients with hematological
malignancies and PTE have normal D-dimer levels
because of accelerated degradation of D-dimer. In a
large study performed by Qdaisat et al, 1156 cancer
patients diagnosed with PTE were retrospectively

N
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assessed and 35 of those (3.0%) were found to have
normal D-dimer levels [8]. On the other hand, high
levels of D-dimer have been reported to be common
in cancer patients independent of acute thrombosis.
There are even patients diagnosed with cancer when
investigating the etiology of high D-dimer level
[22]. Contradictory results have been obtained in
other studies on this subject. Lee et al. assessed
D-dimer levels in 1068 patients suspected with DVT
in their retrospective study [23]. While they found
similar sensitivity of D-dimer in both patient groups
with and without cancer, they observed that negative
predictive value was lower in cancer patients. In
contrast, in another study performed by Wolde et
al., the negative predictive value for D-dimer testing
was the same in patients with and without cancer
[24]. As a result, the sensitivity and specificity of
the D-dimer test in cancer patients are influenced by
many clinical variables and thus its reliability varies.
This situation requires different clinical evaluations
in cancer patients. The mean D-dimer levels were
significantly higher in cancer patients; especially in
active cancer patients in our study.

Considering the effects of both cancer pathogenesis
and chemotherapy on bone marrow, MPV and
PDW changes are possible in cancer patients. These
morphologic changes also bring about functional
changes. Changes in platelet volume and size have
functional effects. Compared to small platelets,
larger platelets contain more granules. These large
granular platelets, which produce larger amounts
of prothrombotic factors such as thromboxane A2
and serotonin, rapidly aggregate in the presence of
a stimulus to express a greater number of adhesion
molecules such as P-selectin and glycoprotein
IIb / Ma [25]. Increased MPV of such platelets
with significant changes in size is associated with
increased platelet reactivity and shortened bleeding
time. In light of all this information, it is reasonable
to say that larger platelets carry greater risk for
thrombosis and are more active than small platelets.
There are some reports about the role of MPV in PTE
and cancer prognosis [12, 13]. However, there is no
definite conclusion about the relationship between
PTE and MPV in cancer patients. In our study, MPV
was found to be significantly higher in cancer cases,
even in cases with active cancer. This result supports
the association of increased MPV with thrombosis.
PDW is accepted as a more specific marker of

platelet activation because it does not increase in
response to platelet swelling. There are some studies
in the literature regarding the relationship of PDW
with PTE [15, 26]. Sevuk et al reported that PDW
values were higher in patients who developed acute
PTE after DVT than those who did not [27].
Although there are proofs related to alterations of
both PDW and MPV in acute PTE, the underlying
mechanisms are argumentative. Some investigators
have defined the potential mechanism for increased
MPV and PDW levels in PTE patients as the
increased platelet consumption during the evolution
of thrombosis. Large platelets with higher MPV are
released from the bone marrow due to thrombopoiesis;
stimulated by inflammatory cytokines such as
interleukin-1, interleukin-6, and tumor necrosis
factor-alpha in acute PTE. Additionally, many other
researchers stated that the acute hypoxemia caused
by PTE may also be another mechanism for PDW
and MPV elevations [27-29]. On the other hand,
coexistence of acute PTE and cancer has the potential
to affect these increases even more. Our results
revealed that despite the low mean of platelet count
in patients with active cancer, high mean of MPV
and PDW values support this idea. In addition, our
results support the hypothesis that the morphological
characteristics of the platelets are more determinant
than the number of platelets in cancer.

In conclusion, this study demonstrated that active
cancer has both a risk factor for PTE and an increase
in the severity of the disease. On the other hand, the
reliability of the classical diagnostic approach varies
in these patients. Our results suggest that D-dimer
test has a limited value in the clinical evaluation of
acute PTE in cancer patients, and that platelet counts
and platelet indexes such as MPV and PDW which
can be easily obtained from CBC analysis may be
useful in the prediction, diagnosis, and follow-up of
PTE. The retrospective design of our study is the
limitation of the current investigation. The issue will
become clearer with prospective studies with a large
number of cases.
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