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Abstract
Hemostatic parameters have been investigated as molecular determinants of tumor progression. To analyze the dynamics of
microparticle-associated tissue factor activity (MPTF), tissue factor antigen (TF-Ag), and angiopоietin-2 (ANG-2) in cancer
patients before, during, and after active treatment and to explore their potential as biomarkers for metastatic occurrence
and death. Blood for the analysis of MPTF, TF-Ag, ANG-2, and conventional hemostatic tests was sampled in 111 patients
with various cancers at 4 consecutive visits: before first chemotherapy cycle, after 3 courses, at the sixth course, and 3 months
after chemotherapy cessation. Patients were followed up until metastatic progression/death or the end of the study. MPTF did
not change during chemotherapy, but increased significantly after treatment cessation. Total TF-Ag and ANG-2 decreased
throughout active treatment. Significant drop of their levels was observed 3 months post therapy cessation. Progressive disease
was significantly associated with higher pre-chemotherapy TF-Ag and fibrinogen. Elevated baseline levels of fibrinogen were asso-
ciated with increased risk of shortened progression free survival. Cessation of chemotherapy is associated with significant change
of hemostatic parameters. Pre-chemotherapy levels of TF-Ag and fibrinogen may be informative of disease state and prognosis.

Keywords
hemostasis, angiopoietins, progression-free survival, neoplasms

Date received: 27 July 2021; revised: 3 October 2021; accepted: 12 October 2021.

Introduction
Malignancy is associated with hypercoagulability as evidenced
by the observation that cancer patients have increased risk of
developing thromboembolic events.1 Extensive research has
elucidated some of the biological mechanisms linking hemo-
static system and neoplasia.2 It is now recognized that onco-
genic mechanisms intertwine with hemostatic processes,
leading to shift of hemostatic equilibrium towards either
increased thrombogenicity or bleeding tendency. Basic research
has shown that factors of hemostatic system facilitate tumor
inherent processes such as tumor initiation, growth, neo-
angiogenesis, anoikis, epithelial-to-mesenchymal transition,
invasion, and metastasis.3–6 It is also suggested that cancer-
associated hemostatic imbalance is largely driven by the
tumor itself through the release of procoagulant substances,
prothrombotic conversion of endothelium, and suppression of
natural anticoagulants.

Tissue factor (TF) is one of the major mediators of the cross-
talk between malignancy and hemostatic system. In situ TF
expression by tumor cells is a hallmark of cancer and is
found to be defined by oncogenic events. Circulating isoforms
of TF: total TF antigen (TF-Ag), alternatively spliced TF,
and extracellular vesicles expressing TF activity
(microparticle-associated TF activity, MPTF) have been
studied for their implication in cancer-associated thrombosis.7
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Fewer studies have assessed their utility as markers for biologic
activity in tumors.

Proangiogenic switch of cancers is coupled with coagulation
processes. It is well known that positive regulators of angio-
genesis such as VEGF enhance TF endothelial expression
and inversely, TF downregulates the negative regulator of
angiogenesis thrombospondin.8 Angiopoietin-1,2/Tie-2 system
is a crucial regulator of angiogenesis and controls VEGF produc-
tion. Angiopoietin-1 suppresses TF expression in HUVECs by
putative mechanism of PI3k/Akt signaling.9,10 Angiopietin-2
derepression has been implicated in the loss of vascular quies-
cence and thrombus formation in endotoxemic mice.11

However, data on TF and Angiopoietin-2 relationship in
cancer is still scarce.

We hypothesized that markers of coagulation (MPTF,
TF-Ag) and angiogenesis (ANG-2) in cancer are in a straight
relationship and can be informative of disease state and tumor
activity. We expected MPTF, TF-Ag, ANG-2 to be higher in
patients with metastatic spread and to decrease throughout che-
motherapy mirroring suppression of the disease. We also
expected to observe different profiles of coagulation activity
according to the achieved response—hypercoagulability main-
tained in patients with progression as opposed to decreased
levels of those markers in patients with responsive disease.

Material and Methods

Study Design and Setting
The study was conducted as prospective, observational, diagnos-
tic, and longitudinal single-center study at the Clinic of Medical
Oncology, University Hospital “Sveti Georgi,” Plovdiv, Bulgaria
and was approved by the Ethics Committee of Medical
University of Plovdiv, Bulgaria. From all cancer patients admit-
ted to the clinic for initiation of systemic treatment between
April 2013 and April 2015 a total of 128 cancer patients were
recruited and included in the study. Patients were followed up
from the date of first chemotherapy cycle until the occurrence
of event of interest or end of study. If patients did not attend
for their regular clinic visit, an attempt to contact them was
made to register patient status. If no contact was achieved and
patients were lost to follow-up, the last date of registered clinic
visit was considered end of follow-up.

Participants
Patients with lung, ovary, colorectal, and breast cancer expected
to receive chemotherapy were assessed for study eligibility, if
following inclusion criteria were met: age ≥ 18 years, histolog-
ically verified cancer, newly diagnosed or indicated for a new
line of chemotherapy. Patients were excluded from the study,
if they had one or more exclusion criteria: history of arterial
or venous thrombosis in the last 3 months prior to study inclu-
sion, history of significant cardio-vascular disease: heart failure
NYHA class III/IV, arterial bypass angioplasty, stenting, valve
prosthesis; ECOG/Performance status ≥ 4; oral contraceptive

use; concomitant malignancy, acute viral or bacterial infection
during the last 2 weeks prior to study entry; anticoagulant treat-
ment with vitamin K antagonists and DOACs during last 3
months prior to study inclusion, vitamin K treatment 1 month
before study entry.

Study consisted of 4 planned visits defined as follows: time-
point 1 (TP1)—baseline at study inclusion and prior to chemo-
therapy initiation; timepoint 2 (TP2)—after third chemotherapy
cycle (prior to infusion of fourth chemotherapy cycle); time-
point 3 (TP3)—at sixth chemotherapy cycle; timepoint 4
(TP4)—at the third-month follow-up post chemotherapy cessa-
tion. During the first visit data on patient demographic, disease
stage, histology type, planned chemotherapy regimen, date of
cancer diagnosis, surgical volume (if applicable), date of pro-
gression/ metastasis (if applicable) was obtained from patient
records. Blood was drawn for the analysis of
microparticle-associated tissue factor activity (MPTF), total
tissue factor antigen (TF-Ag), angiopoietin-2 (ANG-2), CBC,
creatinine, screening coagulation tests: thrombin time, activated
partial thromboplastin time, prothrombin time (%), INR, fibrin-
ogen, tumor markers—CEA, CA19-9, CA15-3, CA125. During
each subsequent visit (TP 2-4) blood was drawn for the analysis
of MPTF, TF-Ag, and ANG-2, screening coagulation tests, and
CBC. Assessment of disease activity and response to treatment
was performed within routine clinical care which adheres to the
National Standards of Bulgarian Oncology Society and
Response Evaluation Criteria in Solid Tumors (RECIST).12

Endpoints
Metastatic occurrence and/or death (irrespective of cause) were
chosen as primary clinical endpoints for the evaluation of pro-
gression free survival (PFS). PFS was defined as time between
chemotherapy initiation and either metastatic progression or
death (excluding local/locoregional relapse).

All patient relevant data was captured on individual hard
copy records. Patients were enrolled in the study after written
informed consent was obtained.

Biological Material, Sampling, and Storage
Blood sampling for all laboratory parameters was performed in
the morning before infusion of any chemotherapy by sterile
atraumatic venipuncture. For determination of MPTF activity,
TF-Ag levels and screening clotting tests blood was sampled
in vacuum tubes containing 0.106 molar solution sodium
citrate (Monovette Sarstedt Sodium Citrate, 2.9 mL) and
mixing ratio of 1:10 was strictly observed; for ANG-2 determi-
nation blood was collected in serum tubes with sillicate beads
(S-Monovette Sarstedt, 2.6 mL) and for CBC analysis—in
EDTA K3 tubes with concentration 1.6 mg EDTA/mL blood
(Monovette Potassium EDTA, 2.7 mL). After sample process-
ing plasma/serum aliquots were stored at −80 °C for MPTF
and TF-Ag or at −20 °C for ANG-2 for up to 6 months until
serial measurements.
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Microparticle-Associated Tissue Factor Activity
MPTF procoagulant activity was determined by immune-
chromogenic assay (Zymuphen-MPTF, HYPHEN Biomed,
France). Plasma supernatant was removed after centrifugation
for 15 min at 1500 g at room temperature and then centrifuged
again for 2 min at 13 000 g. MPTF activity measurement pro-
ceeded as per manufacturer’s specifications described else-
where.13 In brief: enhancer solution and patient sample were
added to wells of polyvinylchloride plate coated with mouse
antihuman tissue factor monoclonal antibody that does not
interfere with TF activity. After incubation for 18 h (to allow
TF expressing microparticles to bind to the plate) f.VIIa and
f.X were added. Finally, yellow-color chromogenic substrate
for f.Xa was added. Absorption at 405 nm that is directly pro-
portional to MPTF concentration in sample was determined
spectrophotometrically. MPTF activity was measured in pg/
mL. The major characteristics of analytic reliability of ELISA
for MPTF procoagulant activity were: intraassay imprecision
—CV 4% to 6%; interassay imprecision—CV 9% to 10%.

Tissue Factor Antigen Levels
Plasma concentration of tissue factor antigen levels was deter-
mined with quantitative ELISA (ZYMUTEST Total Tissue
Factor, HYPHEN Biomed France). Plasma supernatant was
removed after centrifugation for 20 min at 2500 g.
Measurement of TF-Ag levels was performed according to
manufacturer’s instructions and TF-Ag concentration was
expressed in pg/mL. Characteristics of analytic reliability of
ELISA for TFAg were: intraassay imprecision—CV 5% to
7%; interassay imprecision—CV 6% to 9%.

Angiopoietin-2
Serum Angiopoietin-2 levels were measured with quantitative
ELISA (Angiopoietin-2 Human ELISA kit, Abcam, UK).
Serum was removed from venous blood after centrifugation at
1500 g for 10 min. ANG-2 levels were expressed in ng/mL.
Characteristics of analytic reliability of ELISA for ANG-2
were: intraassay imprecision—CV 4.2% to 6.9%; interassay
imprecision—CV 7.4% to 10.4%.

Prothrombin time, activated partial thromboplastin time,
thrombin time, fibrinogen, complete blood count, creatinine,
CEA, CA15-3, CA125, CA19-9 were immediately analyzed.
PT, aPTT, and TT were measured on a Sysmex CS 2000 ana-
lyzer (Siemens Diagnostica), fibrinogen was measured accord-
ing to Clauss.14 CBC was measured on ADVIA 2120i
hematology analyzer (Siemens Diagnostica), tumor markers—
on automatic Immulite 2000 system (Siemens Diagnostica).
Analytical coefficients of variation for PT were 4% to 7%,
aPTT—4% to 6%, fbg—3.05% to 4.54%.

Statistical Methods
In order to account both for the unbalanced number of subjects
at each subsequent visit and repeated measures over time we
chose linear mixed effect analysis to assess the effect of
disease and therapy-related factors on MPTF, TF-Ag, and
ANG-2 levels. The analysis was performed using R packages
lme4 and lmerModTest.15,16 We followed the procedure out-
lined by Zuur et al: first, with all variables of interest in the
model we chose random error structure using REML. Next,
we searched for the optimal fixed components in a top-down
approach by gradually reducing variables using ML and
AIC.17 The final model is presented using REML estimation.
We entered visit, diagnosis, disease stage, age, gender, and
interaction term of targeted therapy with visit as fixed effects.
As random effects we included both intercept (subjects) and
slope (visit). After selecting the final model a likelihood ratio
test was performed on the final model with the effect in question
against the null model without the effect in question. To
compare whether dynamics of MPTF, TF-Ag, and ANG-2 par-
allels changes of conventional blood parameters with respect to
chemotherapy, dynamics of hemoglobin (HGB), white blood
cells (WBC) and platelets (PLT) was analyzed according to
the aforementioned procedure. A separate model was fit to eval-
uate differences in studied parameters with respect to response
to therapy where response was added as fixed effect for inter-
cept and an interaction term between visit and response as
fixed effect on slope with random effects for both intercept
(subject) and slope (visit).

To analyze relationships between MPTF, TF-Ag, and
ANG-2 Pearson correlation was performed by each visit. For
the purpose of the analysis MPTF and TF-Ag were square
root transformed and ANG-2 was log-transformed.

Cox regression analysis was performed to quantitate the
effect of tested hemostatic biomarkers on progression free sur-
vival. Occurrence of distant metastases and /or death were
defined as primary event of progression free survival. ROC
analysis was applied to determine discriminatory threshold
values of studied parameters for the occurrence of a PFS
event. Then based on cutoff values significant variables were
dichotomized and the Kaplan–Meier method was applied to
build survival curves and compare survival distributions.
Linear mixed effect analysis, correlation, Kaplan–Meier sur-
vival analysis, and Cox regression were performed in R pro-
graming environment v.4.0.4 and packages lme4,
lmerModTest, survival, survminer, ggplot, tidyverse, lattice,
sjPlot were used.18–23 ROC analysis was performed on
MedCalc 12.3 (mariakerke, Belgium).

Results

Participants
A total of 128 patients enrolled in the study and completed first
visit. Of them, 17 patients were excluded from longitudinal and
survival analysis because twelve patients did not undergo
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chemotherapy and 5 patients did not return for treatment contin-
uation after their first chemotherapy cycle and could not be fol-
lowed up beyond their discharge date. Final number of patients
completing follow-up was 111: breast (n= 37), lung (n= 25),
ovary (n= 17), colorectal (n= 32). Of them 79 patients com-
pleted visit TP2, 56 completed visit TP3, and 37—Visit TP4,
accounting for totally of 277 samples. Median follow-up was

220 days. Distribution of patients by tumor site and visit is pre-
sented in Table 1. 70 patients received adjuvant chemotherapy
and 41—first or next line of therapy. Overall, 39 patients
(35.1%) experienced PFS event, 46 patients (41.4%) had pro-
gressive disease as defined by RECIST. Patients’ demographic
and disease-related characteristics are presented in Table 2 and
Supplemental Table S1. Median age was 59.31 years (21-81),
females represented 64% (n= 71).

Longitudinal Analysis of MPTF, TF-Ag, and ANG-2
MPTF Activity Levels Do Not Change Throughout Active Treatment
and Increase After Chemotherapy Cessation. The estimated initial
MPTF activity was 1.065 pg/mL (± 0.338) and the estimated
subject-to-subject variation in initial MPTF corresponded to a
standard deviation of 0.182 pg/mL (Supplemental Tables S2
and S3). During chemotherapy administration MPTF activity
fluctuated nonsignificantly compared to pre-chemotherapy
levels (BTP2=−0.018, P= .87, BTP3= 0.171, P= .25). A statis-
tically significant increase of 0.834 pg/mL (± 0.194) was
observed at the third-month follow-up post chemotherapy ces-
sation (P < .001), Figure 1A. Estimated subject-to-subject indi-
vidual dynamics varied within standard deviation of 0.261 pg/
mL. Subsequent models indicated that tumor site and stage
were not predictive of initial MPTF activity levels and admin-
istration of targeted therapy was not associated with changes
of MPTF levels over time. The final model that described lon-
gitudinal change of MPTF included age, gender, and visit as
fixed effects, random effect for intercept, and slope (time) by
subject. Loglikelihood ratio test indicated that the model was
significant compared to a null model without visit (AIC 737.
66 vs 724.3, LogLik −361.53 vs −352.17, χdf=3= 19.323, P
= .0002).

TF-Ag Levels Decrease After Chemotherapy Cessation. As indi-
cated by AIC comparison the best model representing longitu-
dinal dynamics of TF-Ag levels included factors visit, age, and
gender (Supplemental Tables S2 and S3). TF-Ag decreased
nonsignificantly after 3 (at TP2) and after 5 (at TP3) chemother-
apy cycles when compared to its pre-chemotherapy levels
(TP1). On average TF-Ag levels decreased with 3.94 pg/mL
after 3 cycles of chemotherapy and with ∼ 9.61 pg/mL after 5
cycles. Significant decrease with > 50% of pre-chemotherapy
values was observed 3 months after chemotherapy cessation
(102.46 pg/mL± 25.67 pg/mL), Figure 1B. Gender-related
changes were observed. Male patients showed significantly
higher intercept levels than female patients (33.76 pg/mL±
16.25). Stage and tumor site were not predictive of TF intercept
levels. Administration of targeted therapy was not associated
with different dynamics of TF. Loglikelihood ratio test indi-
cated that the model was significant compared to a null model
without visit (AIC 2537.3 vs 2547.4, LogLik −1258.7 vs
−1266.7, χdf=3= 16.03, P= .001).

ANG-2 Levels Decrease During Active Treatment and After
Chemotherapy Cessation. Angiopoietin-2 exhibited clear

Table 1. Distribution of Patients by Tumor Type and Visit.

Visit

Tumor type

TotalBreast (n) Lung (n) Ovary (n) Colorectal (n)

Visit 1 37 25 17 32 111
Visit 2 28 15 13 23 79
Visit 3 19 12 9 16 56
Visit 4 14 7 6 10 37

Abbreviation: n, number of patients.

Table 2. Demographic and Disease-related Patient Characteristics (n
= 111).

Patient characteristic Descriptive value

Age (years)
Median 60.00
Range 21-81

Gender, n (%)
Male 40 (36)
Female 71 (64)

Localization, n (%)
Breast 37 (33.3)
Lung 25 (22.5)
Ovary 17 (15.3)
Colorectal 32 (28.8)

Disease stage, n (%)
I 15 (13.5)
II 36 (32.4)
III 35 (31.5)
IV 25 (22.5)

Chemotherapy line, n (%)
Adjuvant 70 (63.1)
First 36 (32.4)
Second 2 (1.8)
Third 3 (2.7)

Targeted therapy
Yes 17 (84.7)
No 94 (84.7)

BMI ≥ 35, n (%) 4 (3.6)
Hgb < 100 g/l, n (%) 7 (6.3)
WBC ≥ 11 G/l, n (%) 18 (16.2)
PLT ≥ 350 G/l, n (%) 36 (32.4)
Response, n (%)

Disease progression 46 (41.4)
Without progression 65 (58.5)

Follow-up (days)
Median 220
Range 9-688

Abbreviations: PLT, platelets; WBC, white blood cells; BMI, body mass index.
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dynamics of decrease during antineoplastic treatment and at
follow-up. The best model describing longitudinal change of
angiopoietin levels with respect to treatment included fixed
effects of age, gender, tumor site and visit on intercept, fixed
effects of visit and targeted therapy on the slope and random
effects of individual dynamics over time and intercept
(Supplemental Tables S2 and S3). Removal of either tumor
site or targeted therapy from the model did not change AIC in
subsequent models and therefore they were both kept in the
final model. On average, initial angiopoietin-2 levels were
551.78 pg/mL (± 196.5). Individual subject-to-subject variation
in initial values corresponded to standard deviation of 303.82
pg/mL. Angiopoietin-2 decreased throughout chemotherapy
administration and during follow-up, Figure 1C. Compared to
pre-chemotherapy levels decrease was significant at the sixth
course (TP2) and at 3 months post chemotherapy cessation
(TP4) (BTP3=−152.15, P= .03, BTP4=−307.67, P= .0003,
ML estimation). Administration of targeted therapy did not
exhibit significant effect on ANG-2 level dynamics. No signifi-
cant effect on intercept was found for age, gender, stage, and

primary tumor site as well. Loglikelihood ratio test was signifi-
cant in favor of the model with visit versus without (AIC 2996.9
vs 2996.4, LogLik−1488.4 vs−1481.2, χ7= 14.498, P= .042).

TF-Ag and ANG-2 Parallel WBC and PLT Dynamics During
Longitudinal Follow-up. Longitudinal analysis of blood parame-
ters revealed steady and significant decrease of WBC and
PLT counts over time compared to pre-chemotherapy levels,
Figure 1E and F. Dynamics of Hgb levels showed significant
drop during active treatment, whereas nonsignificant increase
of Hgb was observed 3 months post chemotherapy cessation
in comparison to baseline levels, Figure 1D.

Conventional Hemostatic Tests
Longitudinal analysis of conventional hemostatic parameters
revealed significant effect of chemotherapy administration on
INR, thrombin time, and MPV (Supplemental Table S8).
During active treatment significant change was observed only
for MPV. Compared to pre-chemotherapy values MPV

Figure 1. Forrest plots of model coefficients for studied parameters, REML estimation. Significance codes for P-value are “***” < .001 < “**” < .01
< “*” < .05. TP2—timepoint 2, TP3—timepoint 3, TP4—timepoint 4. Reference category is timepoint 1 (TP1) for visit, female for gender.
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decreased with 0.28 fl after 3 courses of chemotherapy and with
0.3 fl—after 6. Cessation of chemotherapy was associated with
further decrease in MPV (BTP4=−0.47, P= .03), increase in
thrombin time (BTP4= 0.71, P= .02), and increase in INR
(BTP4= 0.185, P= .046). Lung cancer patients had significantly
increased fibrinogen levels and INR (Bfbg= 1.84, P< .001,
BINR= 0.244, P= .01), as well as aPTT, but with borderline sig-
nificance (BAPTT= 2.24, P= .05); PT% values were signifi-
cantly lower (BPT=−14.27, P= .003). MPV was significantly
higher in colorectal cancer patients (BMPV= 0.50, P= .043).
Advanced disease stage was associated with decrease in MPV
(Bstage=−0.19, P= .043) and borderline decrease in INR
(BINR= 0.059, P= .057). Male patients had significantly
longer aPTT and lower PT% values than female patients
(BAPTT= 1.80, P= .049).

Differences in Longitudinal Dynamics According to
Response
No significant difference was observed in baseline values of
MPTF (B= 0.02± 0.04, P= .67) and ANG-2 (B= 118.39±
93.18, P= .2) between patients who progressed and those
who did not. In patients with progressive disease TF-Ag
levels were significantly higher compared to patients with
stable disease, partial remission, and complete remission (B=
64.57± 23.28, P= .006). No significant difference was found
in dynamics of MPTF (BTP2= 0.015± 0.07, P= .84; BTP3=
−0.002± 0.101, P= .9; BTP4= 0.13± 0.13), TF-Ag (BTP2=
−25.52± 34.92, P= .46; BTP3=−64.54± 40.15, P= .11;
BTP4=−97.16± 52.17, P= .06) and ANG-2 (BTP2=−106.41
± 118.90, P= .37; BTP3=−180.6± 133.023, P= .17; BTP4=
−145.231± 158.8, P= .3) with respect to disease response
(Figure 2). Significantly higher baseline values of fibrinogen
(B= 0.82± 0.25, P= .001) and significantly decreased PT%
values (B=−10.32± 4.56) at TP2 were observed in in patients
with progressive disease. No difference was found in other con-
ventional parameters with respect to baseline values or
dynamics.

Correlation Between Parameters
No significant correlations were observed between investigated
parameters at baseline and at the last visit. At the second visit
TF-Ag and ANG-2 exhibited moderate straight significant cor-
relation, which was also maintained at the next visit (ρTP2 0.41,
P= .007; ρTP3 0.52, P= .005). Significant correlations were
found for MPTF at the third visit: moderate inverse with both
TF-Ag (ρTP3 −0.50, P= .001) and Ang-2 (ρTP3 −0.42, P=
.009). Overall MPTF and TF-Ag showed a trend of inverse rela-
tionship, whereas TF-Ag and ANG-2 maintained trend of pos-
itive relationship over time (Supplemental Table S7).

Association of Hemostatic Parameters With PFS
Cox regression analysis revealed significant association for ele-
vated levels of fibrinogen with increased risk for metastatic pro-
gression and/or death (HR 1.53, 95% CI 1.18-1.97, P= .001).
No statistically significant associations were found between
PFS and other investigated parameters (Table 3). ROC analysis
determined the cutoff values of fibrinogen for occurrence of
PFS event. Fibrinogen levels > 4.08 g/l correctly identified
69.7% of cases with PFS event (AUC 95% CI 0.60-0.78, P=
.005, Figure 3). Further, Kaplan–Meier survival analysis
showed significantly shorter PFS time for patients with fibrino-
gen > 4.08 g/l (median 212 days, 95% CI 125-540) compared to
patients with fibrinogen ≤ 4.08 g/l (median 552 days, 95% CI
440—not reached, χ2[1]= 15.7, P< .005), Figure 4.

Discussion
In this study we aimed to determine the longitudinal dynamics
of hemostatic (MPTF, TF-Ag) and angiogenic (ANG-2)
markers during active treatment and after chemotherapy-free
interval in patients with breast, lung, colorectal, and ovary
cancer. We also assessed longitudinal dynamics with respect
to disease progression and analyzed potential associations
with metastatic occurrence and adverse outcome.

Contrary to our initial assumptions, during active treatment
we did not observe significant changes of MPTF procoagulant
activity and found significant increase in MPTF activity after
chemotherapy cessation. Other studies have reported no signifi-
cant change in MPTF activity over the course of cytolytic
therapy and disconnectedness was observed between MPTF
activity and thrombin generation.24–26 Serial measurements of
microparticle-associated tissue factor procoagulant activity in
thirteen patients with metastatic testicular cancer did not find
change at days 1, 2, and 4 of 2 consecutive chemotherapy
cycles.24 Study on breast cancer patients assessing impact of
chemotherapy on coagulation has shown that MPTF activity
remained unchanged 24 h and 8 days post infusion of chemo-
therapy, while TAT levels were significantly elevated at the
same timepoints compared to baseline.25 In the RASTEN trial
no change of TF-extra vesicle associated procoagulant activity
was observed during active treatment while all parameters of
thrombin generation were significantly higher at the third chemo-
therapy cycle compared to their pretreatment levels.26 This study
also assessed TF-extra vesicle activity 2 months post therapy ces-
sation, but found no difference in procoagulant activity levels.
Based on this data we suggest that unchanged MPTF activity
during chemotherapy is not necessarily indicative of suppressed
coagulation. It may rather be the result of consumed coagulation
potential during ongoing thrombin generation and the observed
increase in MPTF activity several months post treatment may be
reflective of its reinstatement after removal of the perturbing stim-
ulus. One limitation of our study is that no dynamic assessment of
thrombin generation parameters was employed and thus no direct
comparisons can be made.

6 Clinical and Applied Thrombosis/Hemostasis
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Figure 2. Levels of investigated parameters in patients with and without progressive disease at each visit /timepoint/. Significance codes for
P-value are “***” < .001 < “**” < .01 < “*” < .05. TP1—timepoint 1, TP2—timepoint 2, TP3—timepoint 3, TP4—timepoint 4.
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In our study total TF and ANG-2 showed a trend of decrease
throughout course of chemotherapy and dropped significantly
during the 3-month treatment free interval. Importantly,
TF-Ag and ANG-2 exhibited similar dynamics of decrease as
leukocytes and platelets. One aspect to consider is the enhanced
cancer-associated myeloproliferation of solid tumors driven by
tumor-derived cytokines.27 With disease control exerted by
chemotherapy over time this effect is expected to be abrogated.
This is in line with our observation on dynamics of decrease for
platelets and leukocytes over the span of several months.
Furthermore, platelets have been established as the major
source of TF in circulation and blood-borne TF was also
found to originate from monocytes and neutrophils.28,29

Given these findings we find it plausible to consider that TF
dynamics reflects disease- and treatment-related changes of
WBC and PLT longitudinally through their contribution to
TF concentration. Since ANG-2 is exclusively secreted by
endothelial cells, its dynamics can be attributed to related
effects on endothelium. Thus, as another aspect we suppose
that the drop of total TF and ANG-2 levels after cessation of
chemotherapy is attributed at least in part to suspension of vas-
cular and cellular damage induced by cytostatics. Vascular tox-
icity is a well-known effect of cancer therapies. Chemotherapy
induces endothelial apoptosis, decreased production of nitric

oxide, secretion of inflammatory cytokines, and conversion to
prothrombotic phenotype.30 Release of TF-positive apoptotic
vesicles by endothelial and tumor cells is considered a potential
mechanism for cytotoxic thrombogenicity. Preclinical studies
have demonstrated increased TF activity in cultured endothelial
cells after treatment with cisplatin, gemcitabine, and anthracy-
clines.31,32 Doxorubicin, 5FU, and vincristine have been
shown to induce the release of apoptotic vesicles with
TF-dependent procoagulant effect by tumor cells.33,34 Clinical
studies have notwithstanding detected seemingly constant
TF-Ag levels throughout chemotherapy. Stable levels of TF-Ag
throughout chemotherapy have been reported in pancreatic
cancer patients who did not develop VTE.35 TF-Ag levels mea-
sured at baseline and 4 to 6 months after treatment onset showed
no significant difference in patients with various cancers.36

Dynamics of total TF blood levels during active treatment have
been assessed in metastatic prostate cancer patients. No differ-
ence in serum levels was observed between baseline and after
2 to 5 weeks of treatment, but TF levels dropped significantly
6 to 8 weeks after treatment initiation.37 Likely, kinetics of
TF-Ag depends on the timing of measurement to detect subtle
changes in plasma levels and is in temporal relationship with
chemotherapy administration. With respect to angiopoietin-2
effect of chemotherapy has also been investigated.
Immunohistochemical evaluation of Ang-2 expression in cervical
cancer patients showed lower scores in patients who underwent
neoadjuvant chemotherapy compared to surgical patients.38

Serum ANG-2 levels decreased significantly after 4 cycles of
bortezomib-based therapy in relapsed/refractory multiple
myeloma patients.39 During the course of neoadjuvant chemo-
therapy in breast cancer patients significant increase in ANG-2
levels was observed, but levels decreased several weeks there-
after, prior to surgery.40 That was accompanied by the same
dynamics of endothelial progenitor cells and other angiogenic

Table 3. Univariate Cox Regression of Investigated Parameters.

HR 95% CI P-value

MPTF 1.182 0.82-1.7 .4
TFAg 1.002 0.99-1.005 .3
Ang-2 1 0.99-1.001 .6
aPTT 1.011 0.96-1.064 .7
PT% 0.98 0.97-1.002 .09
INR 1.079 0.65-1.77 .8
TT 0.90 0.64-1.25 .5
*Fbg 1.53 1.18-1.97 .001
MPV 0.86 0.57-1.31 .5

Abbreviations: CI, confidence interval; HR, hazard ratio.

Figure 3. ROC curve for fibrinogen cutoff value of 4.08 g/l for binary
classification of PFS event.

Figure 4. Kaplan–Meier survival curves of patients with fibrinogen
levels below and above the cutoff value.
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factors—VEGF, erythropoietin, and endoglin. Serum concentra-
tions of ANG-2, ANG-1, and Tie-2 did not differ before chemo-
therapy and 28 days postinfusion in nonsmall cell lung cancer
patients.41 Altogether these findings support the notion that
removal of the cytotoxic stimulus leads to decrease of hemostatic
and angiogenic factors.

We found inverse correlation between MPTF activity and
total TF-Ag levels. A positive straight correlation between
TF-Ag levels and TF mediated procoagulant activity of MPs
has been reported in 11 pancreatic cancer patients with and
without VTE.35 Another study found no association between
TF-Ag levels and MPTF activity in 252 patients with various
tumors and showed that most of TF procoagulant activity was
present in MP free plasma.35,36 Evaluation of plasma TF-Ag
and MPTF procoagulant activity in patients with ovarian carci-
noma found inverse, albeit nonsignificant correlation between
the 2 variables.42 We suppose that the observed dissociation
between TF-Ag levels and MPTF activity in our study can be
attributed to the measurement of different fractions of TF.
MPTF activity assay captures only membrane bound TF,
whereas ZYMUTEST captures total antigenic form (full length
and truncated). Important to note is that lower specificity and sen-
sitivity of TF-dependent procoagulant activity have been reported
for the commercial MPTF assay used in our study compared to
“in-house” TF activity assay.43,44 Inability to capture all
TF+MPs and higher f.VIIa related background noise was outlined
as potential reasons and they may contribute partly to the observed
dissociation. Even though that this does not fully explain the
inverse relationship between activity and total antigen in the
context of their dynamic monitoring, this finding must be inter-
preted with caution until further evidence on the concomitant
changes of TF-Ag and MPTF activity is accumulated.

Significant positive correlation was observed between
TF-Ag levels and ANG-2 that also reflects their simultaneous
dynamics during longitudinal follow-up. Several lines of evi-
dence suggest that ANG-2 controls VEGF expression and func-
tion and that the two angiogenic factors work in concert to
promote tumor growth and angiogenesis.45,46 Given the estab-
lished synergistic relationship between TF and VEGF,6,47 we
expected that TF and ANG-2 will exhibit the same pattern of
dynamic changes. Our data support the observation that angio-
genesis and coagulation are tightly coupled processes. No data
on the simultaneous dynamics of TF-Ag and ANG-2 were
found in the literature.

We did not find significant differences in MPTF, TF-Ag, and
ANG-2 with respect to disease stage and primary site. In con-
trast, elevated numbers of TF+-MPs in patients with metastatic
disease have been reported by other studies.48,49 Significantly
higher TF-Ag levels have been measured in patients with
advanced stage (III-IV) versus localized disease (I-II), but
MP-associated TF activity was not different regarding stage
or presence of metastases.36 Same study found no difference
in TF across cancer types. Elevated levels of ANG-2 have
been reported in stage III CRC patients compared to stage
II.50 Also, elevated levels ANG-2 were reported across
disease stages in lung cancer patients in a meta-analysis.51 In

this study significant association with disease stage was
observed only for MPV. Advancing stage was associated with
decrease in MPV. In a retrospective study of DLBCL patients
no difference was found in the proportional distribution of
patients according to stage between MPV below or above the
cutoff of 6.11 fl. However, lower MPV was significantly asso-
ciated with adverse survival outcome.52 In the Vienna CAT
Study significantly lower MPV was found in patients with
metastasis compared to those without and was associated with
increased risk of VTE.53

With respect to disease course and outcome longitudinal
analysis of hemostatic parameters revealed that only TF-Ag
and fibrinogen levels were significantly elevated at baseline in
patients who subsequently progressed. Our findings are consis-
tent with results from another longitudinal study, which showed
that fibrinogen levels in patients who achieved complete remis-
sion remain lower over time than in patients without.54 In our
study throughout the course of time fibrinogen levels remained
higher in patients with progressive disease, whereas TF-Ag
levels varied, albeit those differences did not reach statistical
significance. This might also imply that chemotherapy contrib-
utes to leveling out differences between groups by exerting pro-
coagulant effect and disease control at the same time.

In keeping with the association between fibrinogen and pro-
gressive disease there was also significant association of height-
ened risk for shorter progression free survival with increasing
levels of fibrinogen. While elevated preoperative fibrinogen
has been consistently associated with mortality in patients
with various cancers, several studies have also shown that pre-
chemotherapy fibrinogen is linked to increased risk of short-
ened survival in patients with multiple myeloma, lung cancer,
and melanoma.55–60 Altogether this supports observations
from animal models that fibrinogen promotes metastasis in
cancer and is in accordance with the concept that heightened
thrombotic risk mirrors propensity for disease evolution.61

Our study has several limitations one of which is that no
direct assessment with thrombin generation parameters could
be made with respect to the measured MPTF activity. Next,
studied population is heterogenous, comprising of primary
sites with varying thrombotic risk and longitudinal cohort is rel-
atively small, thus limiting the opportunity to perform separate
analyses by tumor site. However, conduct of longitudinal
studies faces several challenges among which are serial sam-
pling procedures and keeping patient in follow-up especially
after treatment cessation. We consider simultaneous measure-
ment of angiogenic and hemostatic markers as well as extended
follow-up beyond treatment cessation strengths of our study.

Conclusion
Our study presents data on longitudinal dynamics of TF-Ag,
MPTF, and ANG-2 that suggests possible effect of chemother-
apy on the levels of hemostatic and angiogenic biomarkers that
significantly change after cessation of chemotherapy.
Pre-chemotherapy levels of fibrinogen and tissue factor
antigen are higher in patients who subsequently progress,
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implying that hypercoagulability is indicative of aggressive
disease. There is evidence that elevated pre-chemotherapy
fibrinogen levels are associated with increased risk for meta-
static progression and death, but this association needs to be
further investigated for the other hemostatic parameters.
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