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Abstract

Venous thromboembolism (VTE), including deep venous thrombosis (DVT) and pulmonary embolism (PE), represents a substan-
tial healthcare challenge. Provoked and unprovoked DVT cases carry distinct risks and treatment considerations. Recognizing the
limitations of this classification, molecular markers may enhance diagnostic precision and guide anticoagulation therapy duration
relying on patient history and risk factors. This preliminary, open-label, prospective cohort study was conducted including |5
patients (10 provoked DVT and 5 unprovoked DVT) and a control group of healthy plasmatic subjects. Plasma levels of 9 bio-
markers were measured at diagnosis (baseline, day 0, and D0) and after 30 days (day 30-D30). Patient demographics, clinical data,
and biomarker concentrations were analyzed. Serum concentrations of D-dimer, von Willebrand factor, C-reactive protein, and
Anti-Xa were elevated in DVT groups at DO compared to controls. No significant differences were observed between the
provoked and unprovoked groups on the day of diagnosis and 30 days later. Over 30 days, the provoked group exhibited
significant biomarker changes related to temporal assessment. No significant differences were noted in the biomarker profile
between provoked and unprovoked DVT groups. This study is indicative of the concept of individualized thrombosis assessment
and subsequent treatment for VTE. Larger cohorts are warranted to validate these findings and further define the most
appropriate use of the molecular markers.
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Introduction

Venous thromboembolism (VTE), which includes deep venous
thrombosis (DVT) and pulmonary embolism (PE), represents a
substantial global burden in terms of morbidity and mortality.'
Data from 2021 suggests the occurrence of nearly 10 million
cases worldwide, with an annual incidence of 1 to 2 cases per
1000 population, rising exponentially with age for both men
and women.”

DVT varies between provoked and unprovoked instances.
Provoked DVT results from a temporary environmental risk
factor, such as surgery, trauma, immobilization, pregnancy, or
puerperium. Unprovoked DVT occurs without any discernible
provoking risk factors.>*

Patients with provoked DVT exhibit a reduced risk of recur-
rence when compared to individuals with unprovoked DVT.>¢
Individuals with unprovoked PE exhibit elevated Wells scores
and a more significant thrombotic burden when contrasted
with provoked PE cases.’ A first occurrence of unprovoked iso-
lated DVT carries 2.1 times higher recurrent VTE episodes than
a first episode of unprovoked PE.® This suggests that there may
be variations in the natural progression and outcomes of pro-
voked and unprovoked VTE.®

The duration of treatment for VTE varies based on whether it
is provoked or unprovoked. Guidelines have long advised a
3-month treatment period for VTE provoked by a reversible
risk factor or a first unprovoked isolated distal DVT, given
the low risk of recurrences.”'® In contrast, patients with unpro-
voked proximal DVT or PE are recommended to undergo
extended or indefinite-duration anticoagulation therapy due to
the increased risk of recurrences.”'' Despite the influence of
this classification on clinical decisions, it still relies mainly on
the precise collection of patient history and is susceptible to
memory and information biases.

Nevertheless, it is known that recognizing molecular markers
can aid in diagnosis, determining the duration of anticoagulant
therapy, and forecasting the thrombus’ biological activity when
caring for high-risk patients who may gain from extended
anticoagulation.'*'?

Markers such as D-dimer,'* von Willebrand factor (VWF),'?
C-reactive protein (CRP),'® thrombin generation (TG),'” plas-
minogen activator inhibitor 1 (PAI-1),'® thrombin-activatable
fibrinolysis inhibitor (TAFI),'® and neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR)**2! have
been linked to outcomes in the treatment of VTE and the risk
of recurrences. Additional markers, such as the anti-factor Xa
(Anti-Xa), while not yet established to provide reliable out-
comes, are still employed in clinical practice as indicators for
anticoagulation therapy.?>*

To the best of our understanding, no previous studies have
assessed the distinct biomarker profile of provoked and unpro-
voked DVT cases. In this study, we introduce a preliminary pro-
spective cohort of 20 patients to examine the serum levels of 9
biomarkers at diagnosis and after 30 days of follow-up in both
provoked and unprovoked DVT patient groups to establish a
comparative biomarker profile for these patients.

Methods
Study Design and Patient Enrolment

This was a preliminary, open-label, prospective cohort study com-
prising 2 follow-up arms: one for provoked DVT and another for
unprovoked DVT, with a control group consisting of healthy indi-
viduals. Patient recruitment occurred between February and
December 2022 at the Vascular Ultrasound Department of the
Dante Pazzanese Cardiology Institute in Sao Paulo, Brazil.

A control group was included exclusively for plasmatic
assessments, utilizing plasma from healthy volunteers produced
by George King Biomedical, Inc. (Overland Park, KS, USA).

The laboratory assessments were conducted at the Hemostasis
& Thrombosis Research Laboratories of Loyola University,
Chicago, USA.

Hyphen Biomed provided the ELISA kit used in this study.
Complete identification of the kit, including the manufacturer
and reference number, was recorded to ensure traceability and
transparency in the experimental process.

This study adhered to the principles outlined in the Helsinki
Declaration and received approval from the Ethics Committee
of the Dante Pazzanese Cardiology Institute under protocol
number 40421120.2.0000.5462. Before participation, all
patients received comprehensive information about the study’s
objectives and procedures, and signed informed consent was
obtained from all participants.

All data was handled confidentially and de-identified.

Patients were included following a positive diagnosis of
lower- or upper-limb DVT, confirmed by a venous Doppler
ultrasound of the limbs after clinical suspicion.

Patients who declined to sign the informed consent form,
those already on therapeutic doses of anticoagulant medication
for DVT for over 48 h before diagnosis, or individuals with
contraindications to anticoagulation, including intracranial
bleeding, active bleeding, active gastroduodenal ulcers, and
blood disorders were excluded from the study.

Demographic and Clinical Data Collection

Upon enrolment, all patient’s medical history, information on
age, gender, race, weight, height, body mass index (BMI), pre-
existing medical conditions, and signs and symptoms of DVT
were collected. Patients were also stratified according to their
Wells score and quality of life (QoL) status as assessed by
the EQ-5D-5L questionnaire.

In a 30-day follow-up visit, patients were reassessed regarding
QoL status and interviewed about the use of concurrent medications
and the occurrence of adverse events (AEs) and serious adverse
events (SAEs) during treatment following the International
Society on Thrombosis and Haemostasis (ISTH) definitions.**

Serum Biomarker Collection

Serum biomarkers were collected on the day of diagnosis (DO0)
and after 30 days of treatment (D30).

The blood samples were adequately collected and stored for
the assessment of D-dimer, von Willebrand factor, C-reactive
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protein, thrombin generation, anti-factor Xa; PAI-1, TAFIL,
NLR, and PLR.

All blood collections and laboratory analyses were con-
ducted following the Hemostasis & Thrombosis Research
Laboratories guidelines of Loyola University. The frozen
samples were sent on dry ice and arrived at their destination
within 24 to 48 h at the partner laboratory of this research.

The plasma levels of various biomarkers involved in this
study were analyzed using commercially available sandwich
enzyme-linked immunosorbent assays (ELISA). D-dimer,
PAI-1 antigen, TAFI (TAFla), von Willebrand factor (vWF),
C-reactive protein (CRP), thrombin, and coagulation factor X
were sourced from HYPHEN BioMed (Neuville dur Oise,
France). The closed-kit protocol was employed for conducting
the assays for all the studied biomarkers. The citrated plasma
control was obtained from healthy volunteers without comor-
bidities, sourced from the commercial supplier George King
Biomedical, Inc., based in Overland Park, Kansas, USA.

Group Selection

The patients were divided into “Provoked DVT” and
“Unprovoked DVT” groups following the ISTH definitions®
based on their clinical history.

Statistical Analysis

Demographic and clinical data, as well as relative frequencies
and mean values, were presented.

The data for inflammatory biomarkers from the groups of
provoked and unprovoked DVT and the plasmatic control
group were presented with the median and interquartile interval
values. The serum concentration of all biomarkers was com-
pared between groups at DO and D30. In-group concentration
differences between the DO and D30 were also assessed. All
statistical analyses were conducted using the SPSS software,
version 25.0. Due to the small sample sizes, nonparametric
tests were employed for data analysis, with a significance level
set at P<.05. Significant data were represented using boxplots.

Results

Fifteen patients with DVT were assessed, comprising 10 with
provoked venous thrombosis and 5 with unprovoked venous
thrombosis, as presented in the CONSORT diagram, as shown
in Figure 1.

Among patients with provoked venous thrombosis, the most
common comorbidities were hypertension (60%) and diabetes
mellitus (50%), while in the unprovoked group, hypertension

20 patients for eligibility assessment

Acute deep vein thrombosis

l

\4

Unprovoked venous thrombosis (n=7)

Provoked venous thrombosis (n=13)

Discontinued (n= 2)

Added healthy patients, control group
(maximum value n= 20)

\ 4

A

4

\ 4

- 1 did not attend the return
- 1death

15 patients evaluated with deep vein thrombosis
(Provoked n =10/ Unprovoked n = 5)
+
Healthy patients control group

Figure I. Consort diagram.
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Table I. Demographic Characteristics and Comorbidities of Patients, Quantitative Variables Analyzed Using the Mann-Whitney Test, and

Qualitative Variables Using Fisher’s Exact Test or Chi-Square.

Characteristics Provoked Unprovoked P value
Age years 62.2 (50.1;73.7) 69.8 (55.5; 79.0) A462*
Weight (kg) 68.0 (67.8; 87.3) 86.0 (56.5; 106.0) .354*
Height (cm) 161.5 (155.8; 166.3) 174.0 (162.5; 182.5) .057%*
Body mass index 26.9 (24.6; 34.5) 31.7 (19.2; 32.9) 759*%
Health perception 50.0 (47.8; 80.0) 50.0 (45.0; 71.0) .750%
Wells score 44 (2.8; 6.0) 3.0 (1.5; 4.5) .750*
Female sex - n (%) 6 (60.0%) 2 (40.0%) .608**
Ethnicity
White 4 (40%) 2 (40.0%) .86 | #F*
Black I (10.0%) | (20.0%)
Other 5 (50.0%) 2 (40.0%)
Previous illnesses
Previous thrombosis 3 (30.0%) | (20.0%) 1000**
Hypertension 6 (60.0%) 4 (80.0%) .600**
Diabetes 5 (50.0%) | (20.0%) .580%*
Renal insufficiency 0 (0.0%) | (20.0%) 333
Coronary artery disease I (10.0%) 2 (40.0%) 242+
Stroke I (10.0%) 1 (20.0%) 1000%*
Lung disease 0 (0.0%) | (20.0%) .333%k
Cardiac insufficiency 3 (30.0%) 2 (40.0%) 1000*+*
Active smoking 2 (20.0%) | (20.0%) 1000*+*
Heart transplant 1 (10.0%) 0 (0.0%) 1000**
Others 8 (80.0%) I (20.0%) .089**

Quantitative variables — Median (QI; Q3) — * Mann-Whitney test.
Qualitative variables — N and % — ** Fisher’s exact test or *** chi-square.

Table 2. Veins Affected by Deep Vein Thrombosis (DVT) According
to the Provoked and Unprovoked Groups, Analysis Using Fisher’s
Exact Test.

Table 3. Main Symptoms Presented at the Time of Diagnosis,
Analysis Between the Provoked and Unprovoked Groups with
Fisher’s Exact Test.

Provoked Unprovoked Provoked Unprovoked

Location of thrombosis N (%) P value ** Symptoms N (%) P-value**
Proximal DVT Spontaneous pain 8 (80.0%) 3 (60.0%) 0.560

lliac 2 (20.0) 0 (0.0 0.524 Edema 9 (90.0%) 3 (60.0%) 0.242

Common femoral 4 (40.0) I (20.0) 0.600 Erythema 5(50.0%) 1(20.0%) 0.580

Femoral 4 (40.0) | (20.0) 0.600 Cyanosis 3 (30.0%) 0 (0.0%) 0.505

Deep femoral 3 (30.0) 0 (0.0) 0.505 Dilation of the superficial 6 (60.0%) 1 (20.0%) 0.282

Subclavian 2 (20.0) 0 (0.0) 0.524 venous system

Axillary 2 (20.0) 0 (0.0) 0.524 Temperature increase 4 (40.0%) 1 (20.0%) 0.600

Brachial 2 (20.0) 0 (0.0 0.524 Muscle filling 8 (80.0%) 2 (40.0%) 0.25I
Distal DVT Pain on palpation 8 (80.0%) 4 (80.0%) 1000

Popliteal 6 (60.0) 2 (40.0) 0.608 I

Tibial anterior 1 (10.0) 0 (0.0) 1000 Fisher’s exact test.

Posterior tibial 4 (40.0) | (20.0) 0.600

Fibular 5 (50.0) | (20.0) 0.580

Muscles 3 (30.0) 4 (80.0) 0.119

**Fisher’s exact test.

(80%), coronary artery disease (40%), and cardiac insufficiency
(40%) were prevalent. Previous surgeries in the provoked group
were percutaneous coronary angioplasty followed by open peri-
cardiotomy, reconstruction of the ascending aorta and resuspen-
sion of the aortic valve, angiography and debridement of the
lower limb for peripheral obstructive arterial disease (PAD),

varicose veins surgery with associated foam sclerotherapy,
and myocardial revascularization for coronary disease. Patient
demographic and clinical characteristics are detailed in Table 1.

The average Wells score in the provoked thrombosis group
was 4.4 and 3.0 in the unprovoked group. Most patients with
provoked and unprovoked DVT (60%) had distal vein involve-
ment. In the provoked thrombosis group, the main veins
affected were popliteal (60.0%) and peroneal (50.0%), and in
the unprovoked group, the muscular veins (80.0%) and the pop-
liteal vein (40.0%). When evaluating each group individually,
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Figure 2. Factors that provoked deep vein thrombosis in the provoked group.

the provoked group had more affected proximal veins than the
unprovoked group, as depicted in Table 2 (veins affected by
deep vein thrombosis according to the provoked and unpro-
voked groups, analysis using Fisher’s exact test). Table 3
describes the main symptoms presented at the time of diagnosis,
and analysis between the provoked and unprovoked groups
with Fisher’s exact test.

The was no difference in QoL status as assessed by the
EQ-5D-5L questionnaire (health perception mean rank 8.25
vs 7.50, P=.750).

The frequency of DVT-provocating factors is listed in
Figure 2.

The analysis of the day of diagnosis between control groups
of healthy patients and those with unprovoked and provoked
venous thrombosis (using the Kruskal-Wallis test) and the
comparison of unprovoked group versus control and provoked
group versus control (using the Mann—Whitney test) are sum-
marized in Table 4.

Concentrations of Anti-Xa, CRP, D-dimer, and vWF were
significantly elevated in the thrombosis groups when compared
to healthy patients. Significant differences were observed
between the provoked and unprovoked groups compared to
the control in 4 of the 7 tested biomarkers.

Serum concentration did not differ, at DO, between the pro-
voked and unprovoked groups, as shown in Table 5.

Discussion

The increase in Anti-Xa, CRP, D-dimer, and VWF concentra-
tions in patients with thrombosis (provoked and unprovoked)
compared to the control group of healthy patients reinforces
the already-known interaction between inflammation and

thrombosis. These inflammatory biomarkers aid in diagnosing
thrombotic events and offer potential as predictive indicators
of recurrence.”

Comparative investigation of biomarker levels in patients
with provoked and unprovoked venous thrombosis revealed
compelling results that challenge traditional categorizations of
VTE and argue for a more differentiated, patient-centered
approach. In this study, 2 groups were examined: 10 individuals
with provoked venous thrombosis and 5 with unprovoked
thrombosis. Laboratory tests covering D-dimer, PAI-1, CRP,
vWF, TAFI, thrombin, Anti Xa, blood count, and coagulogram
were performed on the day of diagnosis and again 30 days later.

At baseline, serum concentrations of selected biomarkers
showed no differences between the provoked and unprovoked
groups on the day of diagnosis, challenging prevailing assump-
tions about distinctions in thrombotic mechanisms between
these 2 groups.

However, when considering the temporal evolution of bio-
markers over a 30-day interval, it was observed that the chal-
lenged group had a significant reduction in CRP, D-dimer,
and VWF values, along with an increase in Anti-Xa. This
dynamic change in biomarker levels suggests a distinct
response to thrombosis in the challenged group over time.
These evolutionary marker changes were not found in the
unprovoked group, where biomarker levels remained relatively
stable between the 2-time points.

When comparing the provoked and unprovoked groups, the
most striking difference was found in the delta values (D0O—
D30), specifically in plasma vWF levels. Patients with pro-
voked DVT exhibited a more pronounced drop in vWF levels
30 days after baseline compared to their unprovoked counter-
parts. This subtle distinction highlights the need for a more
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individualized assessment based on specific biomarkers’ tem-
poral evolution, challenging VTE’s simplistic dichotomization
into provoked and unprovoked categories.

The main objective of this study was to obtain preliminary
information on serum levels of relevant biomarkers in provoked
and unprovoked DVT patients to gain insight into the need to
adjust VTE assessment and treatment in provoked and unpro-
voked DVT. The terms “provoked” and “unprovoked” have
been criticized as this 2-fold designation. Many patients may
exist within a spectrum of risk factor severity despite being
included in one group or another.?® Patients with unprovoked
VTE have a high risk of recurrence. However, the concept
that all patients with provoked VTE are considered generally
with a low risk of VTE recurrence might be misleading.
Patients with VTE provoked by persistent minor factors, such
as heart failure, immobility, and frequent flyers with extended
travel, have a cumulative risk of 15% over 5 years compared
with 3% over 5 years in patients with a VTE provoked by
major risk factor, such as orthopedic surgery.?’

The results of our study also highlight the importance of con-
sidering temporal changes in biomarker levels, particularly in
the challenged group, where statistically significant changes
were evident within 30 days.

The values found in the provoked group are higher than in
the unprovoked group, which may be related to a greater throm-
botic/inflammatory burden as this group of patients had a more
significant number of proximal veins affected than the unpro-
voked group. In general, provoked thrombosis may result in a
thrombotic load that is more predictable and related to the spe-
cific triggering event. In contrast, unprovoked thrombosis may
be more unpredictable because it occurs without an apparent
precipitating event.”®

The findings of this study resonate with the 2019 European
Society of Cardiology (ESC) guideline that suggests that
doctors abandon the dichotomization of VTE, preferring a
more individualized assessment based on the patient’s risk
factors. This approach aligns with our results, highlighting the
need for a personalized approach to anticoagulant treatment
in patients with thrombosis, regardless of whether the thrombo-
sis is provoked or unprovoked.?’

The current study has limitations, mainly the small sample
size in each group, making it a pilot project. It is also important
to notice that previous comorbidities such as hypertension and
coronary artery disease were more prevalent in the unprovoked
group, which may lead to biomarker bias. Additionally, because
this was designed and approved as a preliminary study, there
was an Institutional Review Board restriction that limited the
number of healthy volunteers recruited, meaning that the
control groups ought to be considered as reference only.
Although the results provide valuable information, the general-
izability of the results may be limited. Future research with
larger cohorts is needed to validate and expand the implications
of this pilot study.

Despite its limitations, this study presents, to the best of our
knowledge, preliminary evidence into the biomarker profile of
patients presenting with “provoked” and “unprovoked” DVT,

and may present the basis for further research remarking on the
importance of considering individual risk factors rather than a
simple dichotomized classification, possibly altering therapeutic
orientation as well as other clinical aspects such as electronic
record forms, patient information material and others.

Conclusion

No significant differences in biomarker levels between pro-
voked and unprovoked DVT groups were observed. This
study is indicative of the concept of individualized thrombosis
assessment and subsequent treatment for VTE. Larger cohorts
are warranted to validate these findings and further define the
most appropriate use of the molecular markers.
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