International Journal of General Medicine Dove

ORIGINAL RESEARCH

Correlation of Inflammation and Coagulation
Markers with the Incidence of Deep Vein
Thrombosis in Cancer Patients with High Risk
of Thrombosis

Budi Setiawan @', Widi Budianto', Tri Wahyu Sukarnowati', Daniel Rizky (', Eko Adhi Pangarsa®',
Damai Santosa(', Rahajuningsih Dharma Setiabudy?, Catharina Suharti

'"Hematology-Medical Oncology Division, Internal Medicine Department, Faculty of Medicine, Diponegoro University/Dr. Kariadi Hospital, Semarang,
Indonesia; 2Clinical Pathology Department, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia

Correspondence: Budi Setiawan, Hematology-Medical Oncology Division, Internal Medicine Department, Faculty of Medicine, Diponegoro University/Dr. Kariadi
Hospital, JI. Dr. Soetomo No. |6, Semarang, Indonesia, Email boedhi_smg73@yahoo.com

Background: Deep vein thrombosis (DVT) is a common complication and the second leading cause of death in cancer patients. Pro-
inflammatory stimuli in the cancer microenvironment induce nuclear factor kappa B (NF-kB) signaling pathway that plays an integral
role in immunothrombosis mechanism.

Objective: To investigate the role of inflammatory and coagulation biomarkers in the development of DVT in cancer patients with
high risk of thrombosis (Khorana score >2).

Subjects and methods: This study was a cross-sectional study at Dr. Kariadi General Hospital. The serum levels of proinflamma-
tory cytokines, ie, NF-«xB, interleukin-6 (IL-6), C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), and coagulation
biomarkers, ie, tissue factor (TF), prothrombin fragment F1+2 (F1+2), fibrinogen and D-dimer were measured in newlydiagnosed
cancer patients with a highrisk of thrombosis. Color duplex sonography was used for DVT screening.

Results: From January to November 2021, there were 83 eligible patients. DVT was confirmed in 8 subjects (9.63%). Univariate
analysis revealed a significant difference between the median age of patients with DVT compared to non-DVT patients, 49.5 years
(range: 2360 years) and 42 years (range: 19-60 years), with p=0.046. D-dimer level was higher in DVT patients [(6.020 ug/L, range
2.090-20.000) vs (1.940 pg/L, range 270-20.000), p=0.005]. Multivariate analysis revealed age and D-dimer were significantly
correlated with DVT incidence. In all patients, there were significant positive correlations between several inflammatory and
coagulation activation parameters, which were IL-6 with D-dimer and F14+2, CRP with F1+2 and D-dimer as well as TNF-a with
F1+2. However, these findings were not shown in DVT patients.

Conclusion: In cancer patients with a high risk of thrombosis, age and D-dimer level are the significant variables towards the
incidence of DVT. In patients with DVT, there was no significant correlation between inflammatory and coagulation activation
parameters.
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Introduction

Venous thromboembolism (VTE) is a common condition, which can be life-threatening in cancer patients. VTE risk

increases nine-times in cancer patients compared to non-cancer patients.' Studies reported that the incidence of

thrombosis in patients with cancer has been increasing overtime, partly due to its increasing incidence in recent years.”
The annual incidence of VTE in cancer patients is estimated to be 0.5%, compared to 0.1% in general population.

Cancer patients who experience VTE at the time of diagnosis tend to have poorer prognosis compared to cancer patients

without VTE.?> Thrombotic events are the second leading cause of mortality after the cancer progression itself.*
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Cancer is an acquired thrombophilia, which is prone to increase the risk of VTE. Tumor cells can activate coagulation
pathway through various mechanism, including procoagulant production, pro-aggregation process, release of proinflam-
matory and proangiogenic cytokines, as well as direct interaction between blood vessels and blood cells through adhesion
molecules.’

In cancer, there was an exposure of proinflammatory stimuli in the cancer microenvironment,® causing endothelial
cell damage which induce inflammatory responses.”® Inflammatory stimuli such as tumor necrosis factor (TNF)-o,
interleukin (IL)-1a, IL-6, IL-17, IL-18 and epidermal growth factor (EGF) mediate inflammation through interaction with
Toll-like receptors (TLRs), IL-1 receptors (IL-1R), IL-6 receptors (IL-6R), and TNF receptors (TNFR).*’ The activation
of receptors induces intracellular signaling pathway of nuclear factor kappa B (NF-kB) and mitogen-activated protein
kinase (MAPK) to produce proinflammatory cytokines, namely IL-6, TNF a, IL-1, IL-8 and CRP.®

These proinflammatory cytokines play a key role in promoting procoagulant status, particularly by inducing the expression
of tissue factor (TF),'® which causes the activation of coagulation cascade to form thrombus, characterized by an increase in
markers for thrombin formation, including F1+2, TAT, FpA, fibrinogen, and D-Dimer. "'In addition, NF-xB signaling pathway
induces the production of adhesion molecules, eg, ICAM-1, ECAM-1, PCAM-1, selectin and chemokines (MCP-1, IL-18,
MP-2, CXCL), which leads to the event of thrombosis. >4

Khorana risk score can be utilized to stratify risk of VTE in cancer patients into low, moderate, and high risks.'
Ambulatory cancer patients with a high risk of thrombosis (Khorana score >2) might be offered to receive pharmacologic
thromboprophylaxis during receiving systemic chemotherapeutic agents. However, hospitalized cancer patients with
active disease and immobility should also be offered pharmacologic thromboprophylaxis.'®!’

Based on the aforementioned reasons, this study aims to investigate the role of proinflammatory cytokines (NF-«xB,
TNF-a, IL-6, and CRP) in promoting procoagulant status with activation of coagulation biomarkers (TF, prothrombin F1
+2, fibrinogen, and D-dimer), which are the risk factors for DVT in cancer patients with high risk of thrombosis. This
study is expected to provide a better understanding of the pathophysiology of cancer-associated thrombosis, thus
contributing to an early primary evaluation for particular cancer patients based on DVT risk stratification.

Methods
Study Setting

This is a cross-sectional study performed in Dr. Kariadi Hospital, the main teaching hospital for Medical Faculty of
Diponegoro University, Semarang, Indonesia. This study aims to investigate the role of proinflammatory biomarkers
(NF-xB, TNF-a, IL-6, and CRP) and biomarkers for coagulation activation (TF, prothrombin F1+2, fibrinogen, and
D-dimer) in the development of DVT in cancer patients with high risk of thrombosis who never received chemotherapy.
All patients were evaluated for their Khorana score. Cancer patients with high risk of thrombosis (Khorana score >2)
were referred for vascular duplex ultrasound evaluation. This study was approved by Dr. Kariadi Hospital institutional
review board and complies with the Declaration of Helsinki.

Patient Selection and Data Collection

From January 2021 to November 2021, we included a total of 310 consecutive and unselected newly-diagnosed cancer
patients for screening. Eighty-three cancer patients with high risk of thrombosis were enrolled in the study. Figure 1
presents the study cohort and patient distribution. The inclusion criteria were as follows: 1) newly diagnosed with cancer
as confirmed with histological examination, 2) had never received chemotherapy, 3) high risk of thrombosis (Khorana
score =2), 4) aged 18-60 years, and 5) is willing and able to give informed consent for participation in the study.
Exclusion criteria include patients who 1) underwent surgery in the last 14 days, 2) were pregnant, 3) were receiving
antithrombotic therapy, 4) Eastern Cooperative Oncology Group (ECOG) >3, 45) congenital disorders affecting coagula-
tion system, (6) creatinine clearance <30 mL/minute, (7) ALT level more than 3 times of upper reference value, (8) total
bilirubin level >5 mg/dl, (9) cardiac and cerebrovascular diseases, (10) signs of infection, (11) active bleeding, and (12)
severe thrombocytopenia (<20.,00/uL). All patients were screened for DVT using probability test for Wells score and
Doppler duplex ultrasound.
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Consecutive patients with new
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* Newly-diagnosed with cancer as confirmed with
histological examination,
* Had never received chemotherapy
* Khorana score > 2
Aged 18-60 years old
Willing and able to give written informed
Assessed for Eligibility consent
(n=94)
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Receiving antithrombotic therapy =11
* ECOG=3

n
n
* Cardiac and cerebrovascular diseases n
n
n

Active bleeding

1
2
5
2
* Severe thrombocytopenia (<20.000/pL) 1

Analyzed (n=83), see Table 1

No DVT DVT
75 patients 8 patients

Figure | Selection of the study cohort and patients distribution. A total of 310 patients with cancer between January 2021 and November 2021 were initially evaluated for
enrollment. Of those, only 83 met the inclusion and exclusion criteria. Eight patients (9.63%) were diagnosed with DVT upon examination with Doppler ultrasound.

Before this study was conducted, all patients had been informed about the study details in an individual interview. The
informed consent must be signed by the patient before participating in the study. Then, the patients’ cancer history, tumor site,
tumor histology and tumor stage were documented. Patients who met the inclusion criteria were selected as the subjects of this
study. Samples were examined to see the plasma levels of NFkB, TNF-a, IL-6, CRP, TF, Prothrombin F1+2, fibrinogen and
D-dimer.

Prediction Score

Two prediction scores were used in this study: the Khorana and Wells. For each patient, we calculated the Khorana risk
score to stratify the risk of VTE in cancer patients undergoing chemotherapy. Patients were assigned to two risk
categories: low risk (score of <2) and high risk (score of >2).'® Wells score considers 1 point each for active cancer,
paralysis, paresis, recent plaster immobilization of lower limb, recently bed-ridden for >3 days, major surgery in the past
4 weeks, localized tenderness along distribution of deep venous system, entire leg swollen, calf swelling >3 cm compared
to asymptomatic leg, pitting edema, and collateral superficial veins. DVT is considered likely in patients with a Wells
score of 2 or above and unlikely in patients with a score of less than 2.'®

Outcome and Measures: Deep Vein Thrombosis

The endpoint of the study was the occurrence of DVT, either asymptomatic, symptomatic or fatal VTE, confirmed by
color duplex ultrasound. Color duplex ultrasound was performed once patients meet inclusion and exclusion criteria and
was performed at the Radiology Department of Dr. Kariadi Hospital, Semarang, Indonesia. All patients were assessed for
DVT using Logiq 7 pro US imaging system (Logiq 7 pro; GE Healthcare, USA) with the 7-10 Hz linear probe. The
diagnosis of DVT was based either on the presence of a non-compressible segment (compression ultrasound test — CUS)
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or flow impairment on color Doppler imaging. Patients were examined for both proximal (popliteal, femoral, and
common femoral vein) and distal (peroneal and tibial veins) DVT. To avoid investigator-related variations of the results,
color duplex ultrasound was performed in each patient by the same investigator.

Laboratory Measurements

Complete blood count was measured by an automatic flow cytometry technique using Sysmex XN 1000 automated
hematology analyzer (Sysmex Corporation, Japan). Plasma prothrombin time, activated partial thromboplastin time,
fibrinogen, and D-dimer levels were measured by the turbidimetry chromogenic immunoassay method using Sysmex CS-
21001 automated blood coagulation analyzer (Sysmex Corporation, Japan).

The plasma levels of NF-«B, TNF-a, IL-6, CRP, TF, F1+2 were measured using venous blood specimens collected
through sterile and atraumatic antecubital venipuncture. The specimens were collected in 5 mL citrate vacutainer tubes
SST, containing 0.5 mL of liquid anticoagulant. Plasma NF«B levels, plasma TNF-a levels, and plasma IL-6 levels were
measured using ELISA method (kit catalog numbers E-EL-H1386 96T, E-EL-H0109 96T, and E-EL-H0102 96T,
respectively, Elabscience Biotechnology USA). Plasma CRP levels were measured using anti-human CRP mouse
monoclonal antibody-coated latex (Sekisui Medical Co., LTD, Japan) following the manufacturer’s instruction. Plasma
TF levels and Prothrombin F1+2 levels were measured using ELISA method (kit catalog numbers E-EL-H0040 96T and
E-EL-H1793, respectively, Elabscience Biotechnology, USA). Plasma fibrinogen, was measured with coagulation
method, and D-dimer levels was measured using the turbidimetry chromogenic immunoassay method with Sysmex
CS-2100i automated blood coagulation analyzer (Sysmex Corporation, Japan).

Samples for ELISA were immediately centrifuged at 2500 g for 15 minutes, and plasma samples were aliquoted,
coded, and stored at —80°C until the assays were performed. Samples were prepared according to manufacturer’s
instructions, and plates were read on an EIx808 plate reader (Biotek, Vermont, USA) at 450 nm wavelength. Results
were normalized to total protein using the bicinchoninic acid (BCA) assay (Pierce Rockford, Illinois, USA) and reported
as ng/mg total protein. Measurements were done in a blinded fashion. All samples were assayed in duplicate and those
showing values above the standard curve were retested with appropriate dilutions.

Statistical Analysis

Statistical analysis was performed to analyze the difference between patients with DVT and without DVT. Multivariate
analysis was performed on variables with p<0.1 and parameters which theoretically have close associations with the
incidence of DVT. Analysis was performed to investigate the correlation between inflammatory parameters and
coagulation activation parameters in all patients who fulfilled the inclusion criteria. Data were then analyzed to
investigate the correlation between inflammatory parameters and coagulation parameters in patients with DVT.

Results

Patients’ Characteristics

From January 2021 to November 2021, we included a total of 310 consecutive and unselected newly-diagnosed cancer
patients for screening. Eighty-three consecutive cancer patients with high risk of thrombosis were enrolled in the study.
From the 83 patients, 8 were diagnosed with DVT. The characteristics of study subjects are shown in Table 1.

The median age of the subjects was 42 years (range: 19—60 years) and the data distribution was not normal. There was
a significant difference between the median age of patients with DVT, (49.5 years, range: 23—60 years), and patients
without DVT (42 years, range: 19—60 years), with p=0.046.

There were more male patients compared to female patients (50.6% vs 49.4%). There was no significant difference in
terms of gender between patients with DVT and patients without DVT. Most patients were overweight (50.6%).
However, there was no significant difference in terms of BMI between patients with DVT and patients without DVT.

In this study, the most common cancer type was colorectal cancer (33.7%). Statistical analysis revealed that there was
no significant difference in terms of cancer type between patients with DVT and patients without DVT (p=0.367). This
result might be caused by the abnormal distribution of cancer type among two groups. The majority of patients had stage
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Table | Clinical Characteristics of Study Participants

Variable n DVT No DVT p value
n=8 n=75
Age at study entry (years), 42 (19-60) 49.5 (23-60) 42 (19-60) 0.046"
median (minimum—maximum)
Gender, n (%)
Male 42 (50.6%) 4 (50%) 38 (50.7%) 1.000%*
Female 41 (49.4%) 4 (50%) 37 (49.3%)
Body mass index (kg/m?)
Underweight 1 (1.2%) I (12.5%) 0 (0%) 0.712"
Normal weight 33 (39.8%) 4 (50%) 29 (38.7%)
Overweight 42 (50.6%) 3 (37.5%) 39 (52%)
Obesity 7 (8.4%) 0 (0%) 7 (9.3%)
Primary cancer site, n (%)
Gastric 2 (2.4%) 0 (0%) 2 (2.7%) 0.367"
Pancreas 9 (10.8%) 2 (25%) 7 (9.3%)
Lung 16 (19.2%) 2 (25%) 14 (18.7%)
Lymphoma 8 (9.6%) 0 (0%) 8 (10.7%)
Gynecology I (1.2%) I (12.5%) 0 (0%)
Genitourinary 6 (7.2%) I (12.5%) 5 (6.7%)
Colorectal 28 (33.7%) I (12.5%) 27 (36%)
Sarcoma 3 (3.6%) I (12.5%) 2 (2.7%)
Mammae 3 (3.6%) 0 (0%) 3 (4%)
Kidney 2 (2.4%) 0 (0%) 2 (2.7%)
Others 5 (6%) 0 (0%) 5 (6.7%)
Stage at diagnosis, n (%)
Stage | 6 (7.2%) 0 (0%) 6 (7.2%) 0.270"
Stage Il 10 (12%) 2 (25%) 8 (12%)
Stage llI 27 (32.5%) 4 (50%) 23 (32.5%)
Stage IV 40 (48.1%) 2 (25%) 38 (48.2%)
ECOG, n (%)
0 53 (63.9%) 3 (37.5%) 50 (66.7%) 0.085"
| 21 (25.3%) 3 (37.5%) 18 (24.0%)
2 9 (10.8%) 2 (25%) 7 (9.3%)
(Continued)
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Table 1 (Continued).

Variable n DVT No DVT p value
n=8 n=75

Wells score, n (%)

| 77 (92.8%) 7 (87.5%) 70 (93.3%) 0.492"

2 4 (4.8%) 0 (0%) 4 (5.3%)

3 1 (1.2%) 0 (0%) I (1.3%)

4 1 (1.2%) I (12.5%) 0 (0%)

Khorana score, n (%)

<2 54 (65%) 4 (50%) 50 (66.7%) 0.582%

>2 29 (34.9%) 4 (50%) 25 (33.3%)

Laboratory parameters, median (minimum—maximum)
Hemoglobin (g/dL) 11.3 (7.3-15.9) 10.7 (8.2-14.8) 1.3 (7.3-15.9) 0.654"
WBC (x10%/uL) 12.2 (5.1-37) 14 (6.6-22.9) 12.4 (5.1-37) 0.405"
Platelet (% 10°/uL) 440 (219-951) 414 (219-92) 443 (238-951) 0.445"
NF-«xB (ng/mL) 1.76 (0.1-21.0) 1.93 (0.8-10.1) 1.76 (0.1-21.0)_ 0.793"
IL-6 (pg/mL) 37.3 (0.1-506.5) 43.1 (16.7-223.3) 31.7 (0.1-506.5) 0.379"
CRP (mg/dL) 2.8 (0.0-27.6) 5.4 (1.8-12.0) 2.7 (0.0-27.6) 0.109"
TNF-a (pg/mL) 1.1 (0.3-525.0) 12.0 (5.4-60.4) 10.6 (0.3-525) 0.781"
Tissue factor (pg/mL) 20.2 (1.2-365.5) 160.5 (1.8-365.5) 18.8 (1.2-360.7) 0.080"
FI+2 (pg/mL) 4.798 (363-8.993) 4.077 (823-5.421) 4.859 (363-8.993) 0.241"
D-dimer (ug/L) 2.180 (270-20.000) | 6.020 (2.090-20.000) | 1.940 (270-20.000) 0.005"
Fibrinogen (mg/dL) 454 (40-1940) 406 (243-798) 462 (40-1.940) 0.167"

Notes: 'rMann—Whitney test; *Chi-square test; *Fisher's exact test.

IV cancer (48.1%) and there was no significant difference in terms of cancer stage at the time of diagnosis between
patients with DVT and patients without DVT (p=0.270).

Most patients had ECOG score of 0 (63.9%) and there was no significant difference in terms of ECOG between patients
with DVT and patients without DVT (p=0.088). The majority of patients had Wells score of 1, identified in 77 subjects
(92.8%). Most patients had Khorana score of 2, identified in 54 subjects (65%), and there was no significant difference in terms
of Wells score and Khorana score between patients with DVT and patients without DVT (p=0.492 and p=0.582, respectively).

Based on laboratory examination, the median Hb level was 11.3 g/dL (7.3-15.9 g/dL), median WBC count was
12,200/pL (5100-37,000/uL), and the median platelet count was 440,000/uL (219,000-951,000/uL), the data distribu-
tions were not normal. Statistical analysis revealed that there was no significant difference in Hb, WBC, and platelet
counts between patients with DVT and patients without DVT (p=0.654; p=0.459; and p=0.445, respectively).

In terms of inflammatory parameters, the differences of the median NF-KB, IL-6, CRP and TNF-a levels in patients with
DVT were not significant compared to those in patients without DVT (p=0.793; p=0.379; p=0.109; and p=0.781, respectively)
and data distributions were not normal. As for the coagulation activation parameters, the median TF and D-dimer in patients
with DVT were higher compared to those in patients without DVT (p=0.080 and p=0.005, respectively). However, the F1+2
and fibrinogen levels in patients with DVT were not significantly different than those in patients without DVT (p=0.241 and
p=0.167, respectively).
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Table 2 Multivariate Analysis of Age, Coagulation Activation Parameters, and Inflammatory Parameters in
Correlation with the Incidence of Deep Vein Thrombosis

Variable p HR 95% CI
Age at study entry (years), median (minimum—maximum) 0.020 1.593 1.076-2.359
ECOG 0.169 5.353 0.489-58.567
NF-«xB 0.442 1.168 0.787-1.733
IL-6 0.995 1.001 0.974-1.029
CRP 0.076 1.300 0.973-1.738
TNF-a 0.996 1.000 0.934-1.070
Tissue factor 0.654 1.003 0.991-1.015
FI+2 0.024 0.999 0.998-1.000
D-dimer 0.028 1.001 1.000-1.001
Fibrinogen 0.480 1.002 0.997-1.007

In this study, we performed multivariate analysis on variables with p<0.1 and parameters that theoretically have close
associations with the incidence of DVT. From logistic regression multivariate analysis, we found that significant variables
associated with the incidence of DVT include age (p=0.020; hazard ratio [HR]=1.593; 95% confidence interval [CI]=1.076—
2.359), D-dimer (p=0.028; HR=1.001; 95% CI=1.000-1.001), and F1+2 (p=0.024; HR=0.999; 95% CI=0.998-1.000) (Table 2).

This study found that age, D-dimer, and F1+2 had significant association with the incidence of DVT. It can be
concluded that the patients’ risk increase as they age, at 1.593 times increment every year. Similarly, every increase of
one point of D-dimer level increases the risk of DVT by 1.001 times. Although F1+2 level had significant association
with the incidence of DVT, the HR was less than 1.

In cancer patients with high risk of thrombosis, the correlation between inflammatory parameters and coagulation
parameters can be seen in Figure 2. There was significant positive correlation between inflammatory parameters and
coagulation activation parameters, which were IL-6 and D-dimer (»=0.3), IL-6 and F1+2 (=0.46), CRP and F1+2 (=0.24),
CRP and D-dimer (+=0.29) as well as TNF-a and F1+2 (=0.39). On the other hand, there was significant negative correlation

Correlation Coefficient of all subject Significance of all subject
1.0
-0.41 | -0.04 | 0.13 | -0.18 NFkB 0.0 0.38 0.28 WS 024 0.10
IL-6 WCZRRGIETA -0.10 (1046 | 0.30 [ 0.01 [ 0.0 0.39 GGl 0.95 0.8
0.5
CRP 1.00 -0.25 | 0.24 | 0.29 | 0.19 CRP kL 0.03 0.03 001 009
0.6
TNF-Alpha 0.47 EEIOOE -0. 0.39 [ 0.11 | 0.06 TNF-Alpha—J0EE 0.04 0
- 10
TF| -0: -0.22 TF 0.39 0.0 0.04 0.0 WREN 0.96 0.4
F1+2|-0.04 | 046 | 0.24 | 0.39 F1+2- 0.74 0.0 0.0 Wl 0.82
- -0.5
D-dimer| 0.13 | 0.30 | 0.29 | 0.11 D-dimer 27BN 0.0 0 0.18 0.09 0 0.2
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Figure 2 Correlation between inflammatory parameters and coagulation activation parameters in cancer patients with high risk of thrombosis (Khorana score 22) (The
bluer, the stronger the correlation).
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between TF and NF-KB (=—0.41), TF and TNF-a (r=—0.22), as well as TF and CRP (=—0.25) (Figure 3). However, in DVT
patients, there were no significant correlations between inflammatory parameters and coagulation parameters, as shown in

Figure 4 All data distributions were abnormal and statistical analysis was performed with Spearman analysis.
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Figure 3 Scatterplot of significant correlation between inflammatory parameters and coagulation activation parameters.
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Figure 4 Correlation between inflammatory parameters and coagulation activation parameters in cancer patients with high risk of thrombosis (Khorana score 22) who also
had DVT.

From the 83 patients, Doppler ultrasound showed that 8 patients had DVT. Data analysis of the eight patients revealed
no significant correlation between inflammatory parameters and coagulation activation parameters in patients with DVT,

Discussion

Univariate and multivariate analyses revealed significant differences between patients with DVT and patients without
DVT in terms of age and D-dimer, as seen in Table 1. The incidence of vein thrombosis increases as the age increases.
Vein thrombosis is very rare in young individual (<1 event per 10,000 people-years). However, it increases to 1%
per year in elderly, which showed that age is one of the most common risk factors for vein thrombosis.'” A study by
Khorana et al, showed that increasing age is a risk factor for VTE in cancer patient population. In a retrospective cohort
study, cancer patients aged 65 years old are more prone to develop VTE compared to younger patients.*’

D-Dimer, a product of fibrin degradation that usually increases in acute thrombosis, is a global indicator for
coagulation activation and fibrinolysis. There is a close correlation between the development of cancer and the activation
of coagulation system. Several studies have shown that D-dimer was associated with VTE risk in cancer patients.
Additionally, in CATS, D-dimer is proven to be an important biomarker for predicting VTE in cancer patients. D-dimer
as a predictive parameter has been validated in an independent cohort study of CATS patient.>'** A study by Setiawan
et al reported that a combination of D-dimer (>5030 pg/L), hs- CRP (>51.05 mg/L) and Wells score >3 can predict DVT
incidence in cancer patients.”

The results of this study support the notion that age and D-dimer are important factors in the development of DVT;
thus, cancer patients who are of older age with high D-dimer level can be considered at high risk of thrombosis and could
be candidates for thromboprophylaxis.

In this study, significant positive correlation between inflammatory parameters and coagulation activation were
observed, which were IL-6 and D-dimer, IL-6 and F1+2, CRP and F1+2, CRP and D-dimer, as well as TNF-a and F1
+2. In addition, there were significant negative correlation between TF and NF-KB as well as TNF-a and CRP. This
might be the result of damages to the blood vessel due to cancer cells invasion, which leads to inflammation in the blood
vessels. The direct toxic effects of chemotherapeutic agents toward endothelial cells and insertion of central vein catheter
which activates endothelial cells also cause an increase in coagulation activation in cancer patients.***> Several
evidences showed that immune cells and inflammatory process induce the development of DVT. The effect of immune
cells on endothelial cells activity and immune cascade leads to the expression of adhesion receptor on endothelial cells.?
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The main event in the initiation of VTE is most likely the inflammation on the venous wall. This had been demonstrated
in studies reporting associations between VTE and inflammatory markers, including CRP, IL-6, IL-8, and TNF-o.'°

In cancer, there was an exposure towards proinflammatory stimuli in the cancer microenvironment.® Additionally,
administration of chemotherapeutic agents induces endothelial cell damage, which leads to inflammatory responses.”*
Inflammatory stimuli, such as TNF-a, IL-1a, IL-6, IL-17, IL-18 and epidermal growth factor (EGF), mediate inflamma-
tion through interaction with Toll-like receptors (TLRs), IL-1 receptors (IL-1R), IL-6 receptors (IL-6R), and receptors
TNF (TNFR).®? Activation of these receptors induces intracellular signaling pathway of NF-kB and MAPK to produce
proinflammatory cytokines, including IL- 6, TNF «, IL-1, IL-8 and CRP.*

These proinflammatory cytokines play a role in promoting procoagulant status, particularly by inducing the expres-
sion of TF,' which activates the coagulation cascade to form thrombus, characterized by an increase in marker for
thrombin formation, namely F1+2, TAT, FpA and D Dimer."' In addition, NF-kB signaling pathway produces adhesion
molecules, such as ICAM-1, ECAM-1, PCAM-1, selectin, and chemokines (MCP-1, IL-18, MP-2, CXCL), leading to the
event of thrombosis.'* '

Theoretically, cancer patients with high risk of thrombosis who were diagnosed with DVT would have higher
inflammatory parameters, which lead to activation of coagulation and subsequently the development of DVT.
However, in this study, further analysis investigating the role of inflammation and coagulation activation in DVT patients
showed that there was no significant association between inflammatory parameters and coagulation activation parameters
with DVT. This result may be caused by the big difference in the number of patients in both groups. Other inflammation
markers that might be more correlated with the coagulation markers should be further evaluated.

VTE prophylaxis anticoagulants, eg, unfractionated heparin (UFH), low-molecular-weight heparin (LMWH), direct
oral anticoagulant (DOAC), such as rivaroxaban or apixaban have been recommended for cancer patients with in
international guidelines such as from the American Society of Clinical Oncology (ASCO),'® International Initiative on
Thrombosis and Cancer (ITAC),'” National Comprehensive Cancer Network (NCCN)*¢ as well as national guidelines
from the Indonesian Society of Thrombosis and Hemostasis.?” Several clinical studies had shown the benefits and safety
of VTE prophylaxis for medical patients. Those studies used enoxaparin, dalteparin, and fondaparinux compared to
placebo with acute medical patients. Enoxaparin was used in Medical Patients with Enoxaparin (MEDENOX),*
dalteparin was used in Prevention of VTE in Immobilized Patients (PREVENT),?’ fondaparinux was used in Arixtra
for Thromboembolism Prevention in a Medical Indications Study (ARTeMIS),*® as well as rivaroxaban was compared
placebo in cancer patients with high risk of thrombosis in CASSINI study.*' All those studies showed significant
decrease of VTE incidence. These results support the evidence-based recommendation for thromboprophylaxis in clinical
practice.

Although the guidelines and studies regarding the benefits and safety of VTE prophylaxis exist, the use of
thromboprophylaxis by clinicians remains infrequent.>” > The main reasons for infrequent administration of prophylaxis

323436 concerns for bleeding complication,* ™ lack of knowledge or

34,37

in patients with high risk of VTE include the costs,
confidence regarding the thromboprophylaxis guidelines,*® lack of vigilance, and reluctance to administer injection
daily for anticoagulant injection as prophylaxis.*

The most recent understanding on the mechanism of VTE showed the importance of immune system and inflamma-
tory system activities in the pathogenesis of VTE, stating that VTE as a process is related not only to the coagulation
process but also to immunity and inflammation, which leads to thrombosis. The aforementioned paradigm presents a new
idea for studies regarding new therapy for VTE prophylaxis by inhibiting immune and inflammatory processes, instead of
directly inhibiting clotting factors in the coagulation cascade, in order to reduce the risk of bleeding which can occur
when administering anticoagulant as VTE prophylaxis.*’

The limitation of the study is the uneven distribution of cancer types. This is due to the fact that our main inclusion
criteria were the Khorana score (>2), which contributes to the uneven distribution of cancer types in the study sample.

This study also has a big difference in the number of patients in both groups.
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Conclusion

In conclusion, in cancer patients with high-risk thrombosis, there were significant positive correlations between
inflammatory parameters and coagulation activation, which were IL-6 and D-dimer, IL-6 and F1+2, CRP and F1+2,
CRP and D-dimer, as well as TNF-a and F1+2. No significant correlation between inflammatory parameters and
coagulation parameters in patients with DVT was observed in the same population. Significant variables for the
development of DVT include age and D-dimer. Further studies are needed to deepen the understanding the role of
immune and inflammatory systems in the pathogenesis of VTE and finding other inflammatory markers that define better
relationship between inflammatory and coagulation in VTE patients.
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