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Abstract

Background: Venous thromboembolism (VTE) is a common
complication of cancer. This study aimed to evaluate imma-
ture platelet fraction (IPF), mean platelet volume (MPV), P-
selectin, D-dimer, and thrombin generation (TG) as predic-
tive biomarkers for VTE and further the improvement of
existing risk assessment models (RAMs). Methods: A pro-
spective, observational, exploratory study was conducted
on ambulatory cancer patients with indication for systemic
chemotherapy. Baseline RAMs included the Khorana-, Vien-
na Cancer, Thrombosis-, Protecht-, ONKOTEV-, and Catscore.
IPF, MPV, P-selectin, D-dimer, and TG were analysed at base-
line and 3-month follow-up. Results: We enrolled 100 pa-
tients, of whom 89 completed the follow-up. Frequent tu-
mour types were breast (30%), gastric (14%), gynaecological
(14%), and colorectal (14%) cancer. Ten of the 89 patients
(11.2%) developed VTE. The highest VTE rate was observed
in patients with cholangiocarcinoma (3/5; 60%). Baseline D-
dimer levels but not IPF, MPV, or P-selectin were associated
with the risk of developing VTE (HR 6.9; p = 0.021). None of
the RAMs showed statistical significance in predicting VTE.
Peak thrombin and endogenous thrombin potential were

lower in patients who developed VTE. Biomarker changes
between baseline and follow-up were not associated with
VTE risk. Conclusions: VTE risk was well predicted by base-
line D-dimer levels. Adding D-dimer could improve existing
RAMs to better identify patients who may benefit from pri-
mary VTE prophylaxis. The VTE risk among patients with
cholangiocarcinoma should be further evaluated.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Venous thromboembolism (VTE) is a frequent com-
plication of cancer and one of the leading causes of death
in cancer patients [1]. Compared to the general popula-
tion, the risk of VTE is up to 7-fold higher in cancer pa-
tients [2]. The lack of robust data for evidence-based
guidelines for prophylactic anticoagulation in ambula-
tory cancer patients results in low-grade recommenda-
tions for routine use of anticoagulant drugs [3]. Several
approaches to stratify the VTE risk via risk assessment
models (RAMs) have been proposed, including the Kho-
rana [4], the Vienna Cancer and Thrombosis (CATS) [5],
the Protecht [6], and the ONKOTEYV scores [7], including
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clinical and laboratory parameters. Most recently, the
Catscore was established by Pabinger et al. [8] using D-
dimer levels and tumour localization for VTE risk calcu-
lation.

Another focus of thrombosis research lies on quantita-
tive and qualitative cellular abnormalities. While throm-
bocytosis has been established as an independent risk fac-
tor for VTE in several studies [7, 9], platelet-specific pa-
rameters such as immature platelet fraction (IPF) and
mean platelet volume (MPV) have barely been studied in
the context of cancer and VTE. However, first observa-
tions indicate an association of P-selectin, D-dimer, and
thrombin generation (TG) parameters with VTE risk
[10, 11].

Immature Platelet Fraction

The fraction of reticulated platelets is called IPF and is
a marker of platelet turnover. Reticulated platelets have a
remaining protein synthesis capability [12] and tend to
participate in arterial thrombus formation [13]. Higher
levels of IPF have been measured in patients with major
adverse cardiovascular events, including the acute coro-
nary syndrome [14], cardioembolic stroke [15], and car-
diovascular death [16]. While IPF has been investigated
in myeloproliferative diseases [17], there are no published
data on its possible correlation with the incidence of VTE
in solid tumours.

Mean Platelet Volume

MPYV is inversely correlated with platelet count [18]
and is a parameter of platelet activity associated with
higher platelet aggregation [19], increased expression of
glycoprotein IIb-IIIa [20], and thromboxane B2 release
[21]. While an association of increased MPV with throm-
boembolic diseases has been established in numerous
studies in non-cancer patients [22-25], the role of MPV
in patients with cancer and VTE remains unclear. CATS
showed that MPV was significantly lower in cancer pa-
tients than healthy individuals, but the difference was
minimal (10.2 vs. 10.3 {L, p = 0.022) [26]. In that study,
MPV levels above the 75th percentile were associated
with a lower VTE risk, lower all-cause mortality, and a
better prognosis of cancer.

P-Selectin and D-Dimer

P-selectin is expressed on platelets and endothelial
cells and mediates cell interaction. In CATS, P-selectin
levels were significantly higher in patients who developed
VTE. The risk of VTE was 2.5-fold higher for patients
with P-selectin levels above the 75th percentile, corre-
sponding to 53 ng/mL [10]. D-dimers are a product of
fibrinolysis routinely used to exclude VTE because of
their high negative predictive value. In the CATS cohort,
baseline D-dimers were significantly higher in patients
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who developed VTE during the observation period [11].
The risk of VTE in patients with D-dimer levels above the
75th percentile was significantly elevated (hazard ratio,
HR, 1.8,95% CI 1.0-3.2).

Thrombin Generation

TG is a functional assay determining the global coagu-
lation capacity. Several studies have shown that TG is in-
creased in patients with cancer [27, 28]. While patients
with an elevated peak thrombin had a higher risk of de-
veloping VTE in CATS [29], another recent study from
the same group of investigators failed to detect an asso-
ciation between TG parameters and the development of
VTE. Interestingly, peak thrombin decreased during che-
motherapy and the course of the disease [30].

The aim of this study was to evaluate IPF, MPV, P-
selectin, D-dimer, and TG parameters at 2 time points as
potential biomarkers for the prediction of VTE in pa-
tients with cancer. Five established risk assessment scores
were applied at baseline and compared regarding their
predictive value.

Methods

Study Design and Population

This study was conducted within the framework of the
ONKOTEYV 2 study, which is a prospective, observational multi-
centre study validating the previously established ONKOTEV
score for VTE risk assessment. The present study comprises a part
of the ONKOTEV 2 study population recruited at the University
Cancer Center Leipzig (UCCL) between August 2016 and March
2017. It was conducted as a primarily exploratory evaluation of
biomarkers independently from the ONKOTEV 2 analysis. The
study was approved by the Ethics Committee of the University of
Leipzig and conducted in accordance with the Declaration of Hel-
sinki. Study inclusion criteria were as follows: (1) newly diagnosed
or recurred cancer of the breast, gastrointestinal tract, prostate,
gynaecological system, urinary tract, lung, head, and neck; (2) his-
tologically confirmed diagnosis; (3) planned treatment with che-
motherapy including targeted drugs; (4) written informed con-
sent; and (5) age 218 years. Exclusion criteria were chemotherapy
within the previous 3 months, surgery within the previous 2 weeks,
ongoing treatment with anticoagulants other than acetylsalicylic
acid, or evidence of VTE at study inclusion. Information concern-
ing the history of VTE was assessed in an individual interview.
Blood samples were drawn before the start of anti-cancer treat-
ment marking the beginning of the 3-month observation period.
The follow-up investigation after 3 months included another
blood sampling and evaluation of VTE incidents including the re-
view of available imaging for staging purposes.

Risk Assessment Models

Baseline data collection and laboratory tests included the risk
assessment according to Khorana score, Vienna CATS score, Pro-
techt score, ONKOTEYV score, and Catscore. The Khorana score
stratifies into low-risk (0-1 patient), intermediate-risk (2 patients),
and high-risk (>3 patients) groups by assigning 2 points to very-
high-risk cancer sites (pancreatic or gastric), 1 point to high-risk
cancer sites (lung, ovary, or bladder) and 1 point each for platelet
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Fig. 1. Study design and data availability.

count >350 x 10°/L, haemoglobin <10 g/dL, and/or use of eryth-
ropoietin-stimulating agents, leukocyte count >11 x 10°/L, and
body mass index >35 kg/m?. The Vienna CATS group enhanced
the Khorana risk score with the inclusion of 2 additional blood
biomarkers: D-dimer and soluble P-selectin. The Protecht score is
an expansion of the Khorana score, adding platinum- and gem-
citabine-based chemotherapy as predictive variables, while the
ONKOTEV score includes further clinical parameters such as
metastatic disease, vascular or lymphatic compression, and a his-
tory of VTE. The Catscore represents a simplified risk model in-
cluding only tumour site and D-dimer level, calculating the abso-
lute 6-month VTE risk and suggesting a threshold at 10% for strat-
ification into low- and high-risk patients [8]. The grouping of
high- and low-risk tumour entities applied in the Catscore differ
from the established classification in the Khorana score [8].

Blood Sampling and Laboratory Analysis

Blood samples were collected in vacuum containers with eth-
ylenediamine tetraacetic acid (EDTA) or citrate. MPV and IPF
were measured within 2 h after venipuncture with a Sysmex
XN-9000™ haematology analyser. Soluble P-selectin levels were
assessed in a human sP-selectin immunoassay (R&D Systems®,
Minneapolis, MN, USA) using an Apollo 11 ELISA photometer,
while D-dimer levels were determined by the particle-enhanced
immunoturbidimetric assay INNOVANCE® D-DIMER (Siemens
Medical Solutions) on the Behring coagulation system analyser.
TG was assessed using the calibrated automated thrombogram and
commercially available test kits according to the manufacturer’s
instructions on a Fluoroskan Ascent (ThermoLabsystems OY,

Biomarkers for the Prediction of
Thrombosis in Cancer

Helsinki, Finland) at 360/460 nm wavelength. Blood samples were
centrifuged at 18 °C and 1,000 rpm 170 g for 10 min to prepare
platelet-rich plasma (PRP), and then at another 4,000 rpm 1,800 g
for 20 min to prepare platelet-poor plasma (PPP). Calibrated au-
tomated thrombogram was carried out using 5 pM tissue factor as
a final concentration. TG parameter lag time, endogenous throm-
bin potential (ETP), peak thrombin, and time to peak (TTP) were
measured. In case of blood sampling from an implanted port sys-
tem, residual heparin levels were measured and antagonised using
polybrene [31] before the TG assay was performed.

Diagnosis of VTE

Regular screenings for VTE were not performed but duplex
ultrasound and/or computer tomography were carried out in case
of clinical symptoms. Incidental, asymptomatic VTE was counted
as an event if anticoagulant treatment was required. VTE was de-
fined as deep vein thrombosis (DVT) at any location including
limb and abdomen as well as pulmonary embolism (PE).

Statistical Analyses

Descriptive data are presented using medians and interquartile
ranges (IQR) for continuous variables and absolute numbers and
percentages for categorial variables. Standard nonparametric tests
were run for hypothesis testing: the Kruskal-Wallis test was ap-
plied to test for differences between various tumour sites, whereas
the Mann-Whitney U test was used to analyse differences in con-
tinuous over dichotomous variable distribution. Correlations be-
tween continuous variables are described by Spearman’s coeffi-
cient. We evaluated whether RAMs, IPF, MPV, P-selectin, D-di-
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Table 1. Baseline characteristics

Variable All cancer VTE during
patients (n = 100) follow-up (n = 10)
Median age (IQR), years 58 (51-68) 62 (56-72)
Gender, n
Female 62 6
Male 38 4
Tumour site grouped by risk category, n (at follow-up)
Breast 30 (29) 2
Stomach/gastro-oesophageal junction 14 (13) 1
Pancreas 6 (4) 0
Colorectal 14 (14) 2
Lung 4(2) 1
Genitourinary tract 16 (13) 1
Cholangiocarcinoma 6 (5) 3
Other (head and neck, oesophagus, prostate, cancer of
unknown primary) 10 (9) 0
Tumour stage, n
Localized disease 36 1
Distant metastases 64 9
First diagnosis, n 82 10
Personal history of VTE, n 6 1
Vascular/lymphatic macroscopic compression 5 1
Body mass index (IQR), kg/m? 24 (22-28) 23 (21-25)

Laboratory parameters (IQR)
Platelet count, x10°/L
Leucocyte count, x10°/L
Haemoglobin, g/dL
Mean platelet volume, fL
Immature platelet fraction, %
D-dimer, ug/mL
Soluble P-selectin, ng/mL
Lag time in PPP, min
Time to peak thrombin in PPP, min
Peak thrombin in PPP, nM
Endogenous thrombin potential in PPP, nM X min
Lag time in PRP, min
Time to thrombin peak in PRP, min
Peak thrombin in PRP, nM
Endogenous thrombin potential in PRP, nM x min
Median observation time (IQR), days
Cancer treatment during the observation period, n
Cisplatin based
Other platinum-based compounds
Non-platinum-based chemotherapy

298 (242-374)

330 (216-409)

7.9 (3.1-9.7) 8.5 (6.4-10.9)
12.7 (11.2-13.9) 12.0 (10.3-13.5)
10.0 (9.3-10.7) 9.7 (9.2-11.0)

2.8 (2.0-4.3) 2.3 (1.9-4.9)

1.2 (0.6-2.1) 2.8 (1.5-4.6)
47.0 (37.0-63.0) 49 (34.8-83.5)

2.2 (1.5-3.0) 3.2 (1.8-5.8)

4.5 (3.7-5.7) 6.7 (4.1-10.4)

364 (275-447)

1,917 (1,659-2,354)

8.8 (6.9-11.0)
15.7 (12.9-20.1)
194 (164-251)

2,308 (1,945-2,978)

260 (113-328)
1,689 (1,240-1,860)
10 (6.7-16.8)
16.0 (13.7-25.2)
186 (130-214)
1,943 (1,705-2,533)

92 (87-100)

13 3
51 6
36 1

Laboratory parameters are given as medians unless indicated otherwise.

mer, or TG parameters at baseline were predictive of VTE. Risk Results

scores were dichotomized into low- and high-risk groups as pre-

defined in the original literature, while biomarkers were evaluated .
dichotomously using the 75th percentile as the cut-off. Using the Study Population

competing risk regression model by Fine and Gray [32], the pre-
dictive value was evaluated by estimating the sub-distribution HR.
Death was treated as competing event for VTE. Cumulative inci-
dences with 95% CIs were calculated in a competing risk analysis
using Choudhury’s method [33]. Statistical analyses were per-
formed using SPSS version 22. The competing risk analysis was
assessed in R, version 3.5.0 (R Foundation for Statistical Comput-
ing, Vienna, Austria), using the cmprsk package version 2.2-7.
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We enrolled 100 patients between August 2016 and
March 2017, of whom 89 patients completed the follow-
up procedures after a median of 92 (IQR 87-100) days.
Overall, 4 patients died, and 7 patients dropped out due
to premature discontinuation of systemic therapy (Fig. 1).
Baseline characteristics of the study population are shown
in Table 1.

Schorling et al.
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Fig. 2. IPF (A), MPV (B), and P-selectin (C) levels at baseline, according to the occurrence of a venous thromboembolic event during 3
months of follow-up (p = 0.815; p = 0.633; and p = 0.680, respectively).

Table 2. Study population and venous thromboembolism (VTE) rates according to risk assessment models

Risk assessment model Total study

VTE during HRs for VTE p value

population (n=100) follow-up (n=10) occurrence (95% CI)

Khorana score (n = 100), n (%)

Low-risk group (0 patient) 32/100 5/30 (16.7)
Intermediate-risk group (1-2 patients) 57/100 4/53 (7.5)
High-risk group (=3 patients) 11/100 1/9 (11.1) 0.9 (0.1-7.5) 0.951
ONKOTEYV score (n = 100), n (%)
0-1 patients 83/100 7/78 (9.0)
>2 patients 17/100 3/14 (21.4) 2.5(0.7-9.1) 0.182
Vienna Cancer and Thrombosis score (n = 72), n (%)
0-2 patients 43/72 (59.7) 3/43 (7.0)
>3 patient 29/72 (40.3) 3/29 (10.3) 1.5(0.3-7.2) 0.621
Protecht score (n = 100), n (%)
0-2 patients 73/100 7/69 (10.1)
>3 patients 27/100 3/23(13.4) 1.3 (0.3-4.9) 0.720
Catscore (n = 84), n (%) 6.38 6.84 0.9 (0.1-7.3) 0.891
<10% 71/84 (84.5) 6/66 (9.1)
>10% 13/84 (15.5) 1/13 (7.7)
Occurrence of VTE The highest VTE rate was observed in the group of

Ten of the 89 patients (11.2%) developed VTE during the
3-month follow-up period, including 5 isolated DVTs, 3 iso-
lated PEs, 1 combined DVT plus PE, and 1 portal vein throm-
bosis. Median time from study inclusion to VTE was 27 days
(22-59). VTE rates according to the risk assessment scores
and HR for high-risk score groups are listed in Table 2.

Nine out of 10 VTEs occurred in patients with platin-
based chemotherapy: in the group of patients receiving
cisplatin, carboplatin, and oxaliplatin, 25.0% (3/12),
14.3% (3/21), and 12.0% (3/25) developed VTE, respec-
tively. Only 1 of 31 (3.2%) patients with non-platin-based
chemotherapy developed VTE.

420 Oncol Res Treat 2020;43:414-426
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cholangiocarcinoma patients of whom 3/5 (60%) with
completed follow-up data developed VTE (2 DVTs and
1 PE). The VTE distribution by tumour site in patients
with completed follow-up data was: lung cancer 1/2
(50%), colorectal cancer 2/14 (14.3%), gastric cancer
1/13 (7.7%), breast cancer 2/29 (6.9%), and genitouri-
nary cancer 1/13 (7.7%). No patient with pancreatic can-
cer and completed follow-up (0/4) developed VTE. All
patients with cholangiocarcinoma had platinum-based
chemotherapy, and all but 1 patient had metastatic dis-
ease.

Schorling et al.
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thromboembolic event during 3 months of follow-up (p = 0.031).

Biomarkers at Baseline and Their Association with VTE

MPV, IPF, and P-Selectin

Baseline IPF was available in 96 patients and showed a
median level of 2.8% (IQR 2.0-4.3). MPV was assessed in
all patients at study entry (median 10.0 L, IQR 9.3-10.7).
P-selectin was available in 84 patients with a median lev-
el of 47 ng/mL (IQR 37-63). No association was found
between levels of IPF, MPV, or P-selectin and the occur-
rence of VTE. There was no statistically significant differ-
ence in IPF, MPV, or P-selectin levels between the groups
of patients with and without VTE (p = 0.815; p = 0.633;
p = 0.680, respectively), as shown in Figure 2.

A strong correlation between IPF and MPV was ob-
served at study entry (Spearman coefficient: r = 0.839,
P <0.001), and both parameters showed a moderately sig-
nificant negative correlation with platelet count (Spear-
man coefficient: r = -0.364, p < 0.001 for IPF; r = -0.420;
p <0.001 for MPV).

The distribution of IPF levels among various tumour
types was significantly different (Table 3).

The highest median IPF level was seen in breast and
the lowest in colorectal cancer. The distribution of MPV
showed some differences among tumour sites without
reaching statistical significance (p = 0.082). There was a
significantly higher level of IPF in patients with newly di-
agnosed cancer compared to those diagnosed with recur-
rent cancers (3.0 vs. 2.5%, p = 0.018). IPF and MPV were
not associated with gender, age, or status of distant me-
tastasis.

Biomarkers for the Prediction of
Thrombosis in Cancer

Table 3. Median levels of immature platelet fraction (IPF) and
mean platelet volume (MPV) associated with primary tumour site

Primary tumour site IPF, % MPV, fL
Breast (n = 30) 3.6 10.2
Lung (n =4) 33 10.0
Gastropancreatic (n = 20) 2.9 10.3
Gynaecological/urological (n = 14) 24 9.5
Colorectal (n=13) 2.0 9.4
Other (n=19) 2.4 10.0

p value 0.041 0.082

p value (Kruskal-Wallis test) for the association of IPF/MPV
with the primary tumour site in the total study population.

D-Dimer

D-dimer levels were available in 84 patients. Median
D-dimer level was 1.2 pg/mL (IQR 0.6-2.1). Baseline D-
dimer levels were significantly higher in patients who de-
veloped VTE (median 2.8 pg/mL) compared to patients
without VTE (median 1.15 pg/mL, p = 0.031; Fig. 3).
Among 22 patients with baseline D-dimer levels above
the 75th percentile (2.1 ug/mL), 5 developed VTE (cumu-
lative incidence: 22.8,95% CI 8.0-42.0) compared to 2 out
of 57 patients (cumulative incidence: 3.5%, 95% CI 0.6-
10.8) with D-dimer levels <75th percentile (HR 6.9; 95%
CI 1.3-35.6; p = 0.021; Fig. 4).

Thrombin Generation

TG in PRP at baseline was available in 48 and PPP in
76 patients. Eight patients who developed VTE had a sig-
nificantly lower baseline peak thrombin (p = 0.005) and
ETP (p = 0.036) in PPP compared to those who did not
develop VTE (Fig. 5). There was no difference in PRP in
these patient groups. Patients with P-selectin >53.1 ng/
mL had a lower median TTP in PRP (p = 0.05; Fig. 6).
There was no significant correlation between TG param-
eters and D-dimer, P-selectin, IPF, or MPV values and no
significant correlation between TG parameters and Kho-
rana-, Vienna CATS, and Protecht-, ONKOTEYV scores,
or Catscore.

Biomarkers during Follow-Up

A total of 89 patients completed the follow-up period
and returned for the second blood sampling after a me-
dian of 92 (IQR 87-100) days. IPF, MPV, P-selectin, D-
dimer, TG in PPP, and TG in PRP at this time point were
available in 86, 89, 73, 73, 75, and 55 patients, respec-
tively.

Median changes in IPF, MPV, P-selectin, and D-dimer
levels were 0.8% (IQR 0.3-1.5), 0.4 fL. (IQR 0.2-0.7), 21
ng/mL (IQR 8.0-34.5), and 0.6 pg/mL (IQR 0.2-1.4), re-
spectively. Changes from baseline to follow-up were not
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Fig. 5. Peak thrombin in platelet-poor plasma according to the oc-
currence of a venous thromboembolic event (p = 0.005).

significantly different between patients who did and did
not develop VTE (changes in IPF p = 0.841, MPV p =
0.371, P-selectin p = 0.968, and D-dimer p = 0.951). Re-
garding TG data, there was a trend towards a significant
reduction in lag time between baseline and follow-up
(2.17 vs. 1.67 min, p = 0.054), while TTP, ETP, and peak
thrombin where not different between the 2 time points.
TG parameters at follow-up were not significantly differ-
ent whether patients developed VTE or not.

422 Oncol Res Treat 2020;43:414-426
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Fig. 6. Time to peak thrombin (TTP) in platelet-rich plasma (PRP)
in patients with P-selectin according to the 75th percentile in
CATS (<53.1 ng/mL [n=22] and 253.1 ng/mL [n = 14], p = 0.05).

Discussion

This study was particularly dedicated to explore sev-
eral blood biomarkers (IPF, MPV, P-selectin, D-dimer,
and TG parameters) to increase the accuracy of identify-
ing ambulatory cancer patients at risk for VTE.

The most relevant finding is that D-dimer levels before
treatment initiation are predictive of VTE in cancer pa-
tients receiving ambulatory chemotherapy. Elevated D-

Schorling et al.



dimer levels above the 75th percentile were associated
with a more than 6-fold increased risk of VTE. This find-
ing is in accordance with a previously published study
from the Vienna group investigating the VTE risk in can-
cer patients [11]. In contrast, our study could not demon-
strate a correlation between IPF, MPV, or P-selectin lev-
els and the occurrence of VTE. These results do not con-
firm observations from CATS concerning the potential
role of MPV and P-selectin. Riedl et al. [26] reported a
significant decrease in VTE risk in patients with MPV
levels above the 75th percentile. A possible explanation
for this discrepancy could be the difference in patient
characteristics at baseline and the incidence of VTE
among different tumour groups. Regarding different tu-
mour types, a significantly elevated VTE risk in patients
with low MPV levels in CATS was described in the sub-
group of pancreatic cancer patients after 6 months. In
contrast, no pancreatic cancer patient developed VTE in
our cohort, but follow-up might have been too short to
detect the effect of MPV levels in our patients. MPV re-
sults should be handled carefully because MPV is easily
influenced by technical and individual factors such as in-
take of anticoagulants and EDTA-containing tubes,
which are known to cause platelet swelling in the course
of time [34]. We used the same haematology analyser for
all samples, defined use of anticoagulant drugs as exclu-
sion criterion, and established a time shorter than 2 h
from venipuncture to blood testing to anticipate and
minimize these limitations.

Peak thrombin and ETP measured in PPP at baseline
were lower in patients who developed VTE. Taking into
account that these TG parameters were higher in patients
developing thrombosis in the study by Ay et al. [29], while
they were not different in the study from Reitter et al. [30],
it seems that TG is not a good predictive parameter in
cancer patients. This might be due to the high inter- and
intra-individual differences and the dynamics of TG dur-
ing the course of disease, so that a single measurement
may not be appropriate. The D-dimer level seems to bet-
ter predict VTE in cancer patients than TG as it is a mark-
er for the activation of the coagulation cascade and fibrin
turnover, while TG only reflects the patients’ potential to
generate thrombin that is further modulated in vivo by
external factors like endothelial and platelet activation by
the tumour. This is in accordance with the finding that
TTP measured in PRP was lower in patients with elevated
P-selectin because in PRP the additional effect of platelets
on TG is included.

Being aware of the relatively small study population,
comparing the predictive value of different RAMs was
not a primary objective of this study. Therefore, our eval-
uation is only exploratory. However, ONKOTEV scores
showed the highest HR in the high-risk group but without
reaching statistical significance. This could be explained
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by the high number of patients with distant metastases in
our cohort, which is part of the ONKOTEV score. Distant
metastases were recorded in 64% of the entire study pop-
ulation and in 90% of the patients who developed VTE.
In contrast, only 39% of all patients showed distant me-
tastasis in the CATS cohort.

The Catscore failed to predict VTE risk in our cohort
despite the integration of D-dimer levels although the dis-
tribution of tumour sites in our cohort was comparable
to the CATS cohort. However, only 1 VTE occurred in
our very-high-risk group (5.6%), and 15.9% VTE oc-
curred in our high-risk group when calculated according
to the Catscore. The VTE rate in our high-risk group was
mainly due to the high proportion of patients with chol-
angiocarcinoma which are not mentioned as a specific
tumour entity in any existing RAM-defining study. There
is only one retrospective study reporting a 14.7% VTE
incidence in patients with cholangiocarcinoma [35]. Risk
factors for the development of VTE in these patients were
elevated C-reactive protein, metastatic disease, and che-
motherapy. In comparison, the VTE incidence in patients
with pancreas carcinoma was 14.9% in the Vienna CATS
study [5] and 8.1% in the cohort published by Khorana et
al. [36]. We strongly recommend further research on the
VTE risk of cholangiocarcinoma patients and integration
into existing RAMs, since our findings can only be re-
garded as exploratory due to small patient numbers. As-
signing this entity to the very-high-risk tumour group
improved the risk calculation in nearly all considered
RAMs (online suppl. Table 1, for all online suppl. mate-
rial see www.karger.com/doi/10.1159/000508271).

Nine out of 10 VTEs occurred in patients with plati-
num-based therapy without reaching a level of signifi-
cance due to a high proportion of platinum-based re-
gimes in our total cohort. However, the observed trend is
in accordance with previous findings, showing a signifi-
cantly elevated risk of VTE under cisplatin-based chemo-
therapy [37, 38].

There was a significant difference in IPF levels among
different tumour types, with IPF levels being highest in
breast cancer and lowest in colorectal cancer. The clinical
relevance of this finding remains unclear, as both tumour
types are not known as especially high or low VTE risk
tumours. Furthermore, a strong correlation between IPF
and MPV and a moderate negative correlation between
platelet count, MPV, and IPF were observed at study en-
try, which would be physiologically expected. The higher
MPYV in patients with higher IPF might be explained by
the fact that IPF represents immature platelets having a
higher volume because they were recently shed from
megakaryocytes. The negative correlation between IPF
and platelet count is most likely caused by a higher plate-
let turnover in these patients. The significantly higher
median IPF levels in patients with initial diagnosis com-
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pared to those diagnosed with progressive disease were
also remarkable, which potentially indicating a stronger
bone marrow reserve in patients without previous treat-
ment.

The strength of the present study is the prospective
study design and the use of well-known risk scores for
screening. However, the results must be interpreted with-
in the limitations of this study. One limitation of the study
is the relatively small sample size and the diversity of the
study population, especially regarding tumour type and
stage, and the chemotherapy regimen. One might argue
that diversity in tumour type and treatment modalities is
part of the ambulatory reality, for which RAMs were de-
signed. However, tumour types differ significantly re-
garding baseline VTE risk, which renders a comparison
of different study populations difficult. Therefore, our re-
sults should be regarded as exploratory and require fur-
ther prospective validation in specific patient cohorts.
Further analyses in larger patient samples are necessary
to clarify the predictive value of IPF, MPV, and P-selectin
regarding the development of VTE in cancer patients.

Conclusions

VTE risk was well predicted by D-dimer baseline blood
levels in our cohort. Adding D-dimer could improve exist-
ing RAMs to better identify high-risk patients who may ben-
efit from primary VTE prophylaxis as realized in the Vienna
CATS score and the Catscore. Further research is needed
concerning the VTE risk in cholangiocarcinoma patients.
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