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Abstract

Studies of the pathogenesis of thrombosis and inflammation and their contribution to tumor progression and metastasis in cancer 
patients, initiated many decades ago, have been continued to this day. At the same time, thrombosis and inflammation are 
inextricably linked to each other. One of the central places in thromboinflammation is held by the loss of normal antithrombotic and 
anti-inflammatory function in endothelial cells, which leads to dysregulated coagulation, imbalanced the complement system, 
platelet activation and recruitment of leukocytes in the microvasculature. In turn, tumor cells affect the hemostasis by releasing 
procoagulant substances, activating fibrinolysis, proteolysis, increasing platelet activation and aggregation, releasing adhesion 
molecules, secreting pro-inflammatory and pro-angiogenic cytokines. Future research aims to advance an understanding of 
thromboinflammation in oncology, particularly focusing on the role of platelets beyond hemostasis and thrombosis, as well as 
some new players in the process. In the future, the main attention will be paid to investigating molecular mechanisms that regulate 
cancer-related thromboinflammation, providing insights into mechanisms underlying both inflammation and thrombosis as 
pathogenetic components in cancer patients. Altogether, it will provide an opportunity to create new, modern strategies to treat 
cancer patients.
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Резюме

Исследования патогенеза тромбоза и воспаления и их вклад в прогрессию опухоли и метастазирование у онкологических 
больных, начатые много десятилетий назад, продолжаются и в наши дни. При этом тромбообразование и воспаление 
неразрывно связаны друг с другом. Одно из центральных мест в тромбовоспалении занимает потеря нормальной анти-
тромботической и противовоспалительной функций клетками эндотелия, что приводит к нарушению регуляции коагуля-
ции, дисбалансу в системе комплемента, активации тромбоцитов и рекрутированию лейкоцитов в микроциркуляторном 
русле. Опухолевые клетки сами влияют на систему гемостаза путем высвобождения прокоагулянтных субстанций, актива-
ции фибринолиза, протеолиза, повышая активацию и агрегацию тромбоцитов, выделяя молекулы адгезии, секретируя 
провоспалительные и проангиогенные цитокины. Современные исследования направлены на углубление понимания пато-
генеза тромбовоспаления в онкологии с особым акцентом на роль тромбоцитов, а также ряда новых участников процесса. 
Основное внимание уделяется изучению молекулярных механизмов, регулирующих тромбовоспаление при раке, обеспе-
чивая понимание механизмов как воспаления, так и тромбоза как составных частей патогенеза у онкологических больных. 
Все это даст возможность для создания новых, современных стратегий терапии онкологических больных.

Ключевые слова: рак, тромбоз, воспаление, метастазирование, тромбовоспаление

Для цитирования: Слуханчук Е.В., Бицадзе В.О., Солопова А.Г., Хизроева Д.Х., Гри Ж.-К., Элалами И., Панкратьева Л.Л., 
Цибизова В.И., Унгиадзе Д.Ю., Ашрафян Л.А., Макацария А.Д. Тромбовоспаление у онкологических больных. Акушерство, 
Гинекология и Репродукция. 2022;16(5):611–622. https://doi.org/10.17749/2313-7347/ob.gyn.rep.2022.355.

Introduction / Введение

It has long been known that thrombosis complicates 
the oncological process. The relationship between cancer 
and thrombosis is a two-sided interplay [1] because 
activated coagulation in cancer contributes to tumor 
progression (Fig. 1). Thrombosis may be the first symptom 
of an oncological process. Unfortunately, a diagnostic 
search initiated immediately after thrombosis if it took 
place, does not always enhance survival, because, by 
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Figure 1. A relationship between thrombosis and cancer [drawn by 
authors].

Рисунок 1. Взаимосвязь тромбоза и рака [рисунок авторов].
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this time point, tumors usually might have metastasized 
[2]. Armand Trousseau was the first researcher who 
identified the link between cancer and thrombosis. The 
Trousseau phenomenon implies emergence appearance 
of thrombophlebitis in malignant neoplasms. Moreover, 
it was Dr. Trousseau who also reported about the 
relationship between idiopathic venous thrombosis and 
occult cancer [3].

In his study, one of the scientific leaders in the area, 
Cihan Ay, revealed the "Rule 1/5" [4] showing that every 
fifth case of thrombosis is associated with an oncological 
process. At the same time, one in five cancer patients has 
thrombotic complications. Apart from venous thrombosis 
and thromboembolism discussed most often, other 
thrombotic complications are noted in cancer patients, 
such as arterial thrombosis, endocarditis, disseminated 
intravascular coagulation (DIC), and migratory superficial 
thrombophlebitis (Trousseau's syndrome) [4].

Thrombosis risk factors in cancer  
patients / Факторы риска тромбоза  
у онкологических больных

Among the thrombosis risk factors, unavoidable cues, 
e.g., patient-associated risk factors, such as hereditary 
thrombophilia should be distinguished [5]. However, 
in the same cancer patient, thrombotic risk changes in 
developing disease due to change in external and internal 
factors, namely: stage of the disease, surgery, duration 

and type of anesthesia, chemotherapy, hormonal therapy, 
age, presence of central venous catheters, immobilization, 
infections, as in the case of the last COVID-19 pandemic, 
when the risk of thrombotic complications in cancer 
patients increased remarkably [4]. Cancer increases the 
risk of thrombosis by 4–7-fold; in some tumors, it rises the 
risk by 28-fold accounted for by organ-specific location. 
For instance, for tumors of the ovaries, brain, pancreas, 
and stomach, the risk of thrombosis is higher than that 
for tumors of the breast, head and neck, esophagus, and 
prostate. Oncohematological patients with lymphoma and 
leukemia have a high risk of thrombosis [6]. Thrombotic 
risk is affected by tumor extent and histological type, e.g., 
lung squamous cell carcinoma is less thrombogenic than 
lung adenocarcinoma. In the presence of metastases, 
the risk of thrombosis is higher than for confined tumor. 
Tumor metastasis and progression increases an initial 
risk of thrombosis by 4–12-fold [7].

Noteworthy is the section on risk factors associated 
with ongoing cancer therapy. Chemotherapy is of particular 
importance in increasing the risk of thrombosis [8]. In 
a large retrospective study conducted with oncological 
patients of various nosologies during chemotherapy, it 
was shown that the risk of thrombotic complications was 
progressively increased. Extremely high risk was noted 
for tumors of the pancreas, stomach, and lungs. No 
plateau or reduced risk during the 12-month follow-up 
period was observed [9].

Основные моменты

Что уже известно об этой теме?

►  Взаимосвязь тромбоза и рака известна давно. За послед-
ние годы расширились наши знания в отношении основ-
ных факторов риска, основных патогенетических меха-
низмах тромбоза при раке.

►  В последнее время в лексикон исследователей устойчиво 
вошёл термин «тромбовоспаление». Его активно использо-
вали ученые в течение прошедшей пандемии COVID-19, 
актуален он и в отношении онкологического процесса.

Что нового дает статья?

►  Подробно представлены все последние новые данные, каса-
ющиеся процессов тромбовоспаления у онкологических 
пациентов, обозначена их клиническая значимость, в том 
числе и в отношении разработки новых стратегий терапии 
как тромботических осложнений при раке, так и прогресси-
рования и метастазирования.

Как это может повлиять на клиническую практику 
в обозримом будущем?
►  Благодаря накоплению и расширению знаний в этой обла-

сти, ознакомлению широкого круга исследователей  
и врачей с изучаемыми процессами тромбовоспаления,  
в настоящем и будущем удастся разработать новые 
подходы к терапии, что поможет снизить смертность от 
онкологических заболеваний.

Highlights

What is already known about this subject?

►  The relationship between thrombosis and cancer has long 
been known. In recent years, our knowledge has expanded 
regarding the main risk factors and pathogenetic mechanisms 
of cancer-related thrombosis.

►  Recently, the term thromboinflammation has entered the 
researchers’ lexicon. It was actively used by scientists during 
the last COVID-19 pandemic being also relevant in relation to 
the oncological process.

What are the new findings?

►  The article presents all up-to-date detailed data on the process 
of thromboinflammation in cancer patients, outlining their 
clinical significance, including that in relation to developing 
new strategies for treatment of both thrombotic complications 
in cancer and progression and metastasis.

How might it impact on clinical practice in the foreseeable 
future?
►  Owing to accumulated and expanded knowledge in this area, 

familiarization of a wide range of researchers and physicians 
along with investigated thromboinflammation will allow to 
develop new therapeutic approaches in the present and future, 
which will help reduce cancer-related mortality.

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Gris J.-K., Elalamy I.,  
Pankratyeva L.L., Tsibizova V.I., Ungiadze J.Yu., Makatsariya A.D. 

Да
нн
ая

 и
нт
ер
не
т-
ве
рс
ия

 с
та
ть
и 
бы

ла
 с
ка
ча
на

 с
 с
ай
та

 h
ttp

://
w

w
w

.g
yn

ec
ol

og
y.

su
. Н

е 
пр
ед
на
зн
ач
ен
о 
дл
я 
ис
по
ль
зо
ва
ни
я 
в 
ко
м
м
ер
че
ск
их

 ц
ел
ях

. 
И
нф

ор
м
ац
ию

 о
 р
еп
ри
нт
ах

 м
ож

но
 п
ол
уч
ит
ь 
в 
ре
да
кц
ии

. Т
ел

.: 
+7

 (4
95

) 6
49

-5
4-

95
; э
л.

 п
оч
та

: i
nf

o@
irb

is
-1

.ru
. 



А
ку

ш
ер

ст
во

, Г
и

не
ко

ло
ги

я 
и 

Р
еп

ро
ду

кц
и

я

614 http://www.gynecology.su

20
22

 •
 Т

ом
 1

6 
• 

№
 5

Pathogenesis of cancer-associated 
thrombosis / Патогенез 
рак-ассоциированного тромбоза 

In the pathogenesis of cancer-associated thrombosis, 
three groups of cofactors may be distinguished: 
environmental, tumor-associated and patient-associated 
factors [7] (Fig. 2). It is known that tumor cells can disturb 
the hemostatic balance by producing procoagulant 
substances, due to profibrinolytic, proteolytic and 
proaggregant activity, by expressing adhesion molecules, 
secreting pro-inflammatory and pro-angiogenic cytokines 
[10]. Also, new players in the process have now been 
identified [11] (Fig. 3).

The tumor cell expresses a procoagulant, a cysteine 
protease, which directly activates factor X, independently 
of factor VII, and activates platelets. Some tumor cells 
activate factor X due to sialic acid fragments of mucin 
produced by adenocarcinomas [12].

The tissue factor (TF) is a vascular cell transmembrane 
glycoprotein of the subendothelial layer, normally 
lacking contact with blood, which may occur in case 
of damage to the vessel or TF release stimulated by 
inflammatory triggers [13]. Pancreatic adenocarcinoma, 
ovarian tumor, tumor microenvironment cells as well 
as monocytes can independently express TF, including  
TF-rich microparticles [14]. TF acts to activate factors X 
and IX followed by the thrombin formation and, ultimately, 
a fibrin thrombus. In addition to the prothrombogenic 
effect, angiogenesis, metastasis, and tumor progression 
are associated with TF [5]. Studies have demonstrated 
a relationship between TF level and the degree of tumor 
differentiation. Moreover, TF was higher in poorly 
differentiated tumors [14].

In the blood plasma of oncological patients, the level 
of thrombin-generated biomarkers such as D-dimer and 
fragments of prothrombin 1+2, coagulation factors V, VIII, 
IX, and XI is markedly increased paralleled with deficiency 
of natural anticoagulants – antithrombin III, protein C, 
and protein S. Tumor cells secrete both urokinase 
plasminogen activator (uPA) and tissue plasminogen 
activator (tPA) and plasminogen activator inhibitor-1 
(PAI-1) [15].
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Figure 2. Players of сancer-associated thrombosis pathogenesis 
[drawn by authors].

Рисунок 2. Участники патогенеза рак-ассоциированного 
тромбоза [рисунок авторов]. 

Figure 3. Tumor-associated factors in the pathogenesis of cancer-associated thrombosis [drawn by authors].

Рисунок 3. Опухоль-ассоциированные факторы патогенеза рак-ассоциированного тромбоза [рисунок авторов].  

Thromboinflammation in oncogynecological patients
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PAI-1 is the main inhibitor of fibrinolysis so that its 
serum increase reduces fibrinolytic activity by elevating 
risk of thrombosis. The related studies have demonstrated 
an increased expression of PAI-1 by pancreatic tumor 
cells concomitant with patient prothrombotic status. It 
has also been shown that during courses of bevacizumab 
chemotherapy, the concentration of PAI-1 increases, 
whereas elevated risk of thrombosis is leveled out with 
PAI-1 inhibitors [16].

The tumor may secrete pro-inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-α), interleukin-1 
(IL-1), vascular endothelial growth factor (VEGF), and 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF). Interacting with other cells, tumor stimulates 
production of pro-inflammatory cytokines by endothelial 
cells and leukocytes. Pro-inflammatory cytokines 
stimulate PAI-1 production, promote tissue factor 
expression by endothelium and monocytes, and reduce 
the production of endothelial cell thrombomodulin, a 
natural anticoagulant. They damage endothelial cells and 
form a prothrombotic base on the vessel interface [12].

The tumor cell also affects the hemostasis system 
by interacting with immune cells – macrophages and 
monocytes. Leukocytosis is characteristic of cancer 
patients, which magnitude reflects disease prognosis 
[17] and risk of thrombosis [18]. In cancer, large number 
of leukocytes, mainly mature neutrophils are found in the 
circulation.

Tumor cells promote thrombocytosis and trigger 
platelet aggregation, secrete thrombopoietin to stimulate 
megakaryocyte differentiation, proliferation, and platelet 
production. Tumor cells can directly activate platelets and 
enhance thrombogenesis involving podoplanin (PDPN), 
which increased expression by tumor cells, is associated 
with a high risk of thrombosis. Lectin-like platelet C-2 
(CLEC-2) receptor, interacting with tumor podoplanin, 
enhances the prothrombotic state and increases the 
risk of metastasis [19]. Tumor cells can also indirectly 
activate platelets by enhancing endothelial cell release 
of extracellular matrix proteins and TF, creating an 
active surface for platelet adhesion and subsequent 
thrombogenesis. Gas6 is a vitamin K-dependent receptor 
ligand of the tyrosine kinase family, present in both 
tumor and endothelial cells. Gas6 enhances secretion 
of endothelial prostaglandin E2 resulting in platelet 
activation and thrombosis.

Activated platelets release into own alpha-granules 
pro-angiogenic factors such as VEGF, epidermal growth 
factor (EGF), fibroblast growth factor (FGF), transforming 
growth factor-beta (TGF-β), insulin-like growth factor-1 
(IGF-1), and platelet-associated microparticles (PMPs), 

bear several membrane receptors and proteins, including 
P-selectin and integrins, which contain growth factors, 
cytokines, and pro-inflammatory molecules [20]. PMPs 
also promote the chemotaxis of various hematopoietic 
cells. Platelets are the first cells to encounter tumor 
cells in the bloodstream, and facilitate a multi-faceted 
metastasis spreading [21].

Platelets previously known as players solely in 
hemostasis system now are considered to act differently 
because they were recently placed in one row with most 
critical players of immune response [22]. Platelets are 
essential participants in anti-infective immunity and 
are involved in the pathogenesis of autoimmune and 
chronic inflammatory diseases [23]. Thrombocytopenia, 
which develops in patients with oncological diseases, 
is accounted for by not only chronic DIC course but 
also extensive immunothrombosis reactions. The term 
immunothrombosis was first proposed by В. Engelmann 
and S. Massberg to refer to the internal effector pathway 
of innate immunity triggered by pathogens and damaged 
cells, which results in decreased spread and survival of 
newly invading pathogens [24]. The interest to platelets 
is also related to the fact that they can be a new target 
for developing anti-inflammatory therapy with promising 
outcome.

Tumor-secreted microparticles are small membrane 
vesicles originated from tumor cells [23]. The 
procoagulant activity of microparticles is related to an 
active TF and phosphatidylserine located on relevant 
surface, providing a negatively charged platform for 
the cascade of hemostasis reactions [25]. Sources 
of microparticles can also be presented by cancer-
related activated endothelial cells and monocytes [26]. 
Inflammatory cytokines expressed by tumor cells lead 
to activated endothelial cells and monocytes, stimulating 
production of TF-containing microparticles [23].

Podoplanin is a mucin-type transmembrane 
glycoprotein that activates platelets via CLEC-2 receptors 
[27]. Podoplanin is involved at various stages of the 
metastatic cascade: exit of tumor cells through the 
basement membrane, penetration into the connective 
tissue, epithelial-mesenchymal transition, and entry into 
the bloodstream through degradation of the blood vessel-
coupled basement membrane [22] (Fig. 4).

Malignant cells suppress immune cell attacks by 
activating and aggregating platelets involving podoplanin 
[28]. Platelet aggregation promotes adhesion of tumor 
cells and formation of emboli in the microvasculature, 
with further extravasation from the blood vessel [29, 30].

The relationship between podoplanin expression 
and the number of intratumoral intravascular platelet 

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Gris J.-K., Elalamy I.,  
Pankratyeva L.L., Tsibizova V.I., Ungiadze J.Yu., Makatsariya A.D. 
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aggregates has been proven in the study assessing 
podoplanin in primary brain tumors showing that its 
expression was associated with markedly increased risk 
of thrombosis [31]. Another study showed that decreased 
surface CLEC-2 receptor level in platelets led to reduced 
thrombosis, and inoculation of unchanged platelets 
leveled out the effect. At the same time, the podoplanin 
level in the vascular wall correlated with the severity of 
thrombosis [32].

Tumor cells, platelets, cytokines, chemokines, and 
other agents interact with leukocytes and form neutrophil 
extracellular traps (NETs) [33] serving as activated 
neutrophil derivatives and consisting of DNA strands, 
histones, and antimicrobial proteins that can capture 
and detain diverse pathogens until their destruction 
[34]. The process of NETs formation is called NETosis. 
Neutrophils synthesize NETs either due to ejection of the 
entire nucleus (suicidal NETosis) or parts of the nucleus 
without altering cell membrane integrity (vital NETosis). 
The type of NETosis depends on the stimulating agent. 
Suicidal NETosis requires several hours to produce NETs, 
whereas time frame for vital NETosis is shorter. In suicidal 
NETosis, chromatin decondensation occurs, the nuclear 
envelope dissolves, and the cell contents are released 
through cell membrane rupture. Vital NETosis results in 
no neutrophil destruction [35]. The structures secreted 
in NETs are represented by DNA strands intertwined in 
a network with 24 types of proteases and histones such 
as peptidyl arginine deiminase 4 (PAD4), neutrophil 
elastase (NE), myeloperoxidase (MPO), and cathepsin G 
[36]. Tumor cells change the way neutrophils function 
and promote NETosis. NETs, in turn, decorate tumor 
cells, making them inaccessible to T-cells and NK-cells 
(natural killer cells) [37].

Chemokines secreted by tumor cells comprise one of 
the factors stimulating NETosis [38] that was modeled 
before and demonstrated in one of the studies using, e.g., 
the chemokine receptors CXCR1 (С-Х-С Motif Chemok-
ine Receptor-1) and CXCR2 (С-Х-С Motif Chemokine Re-
ceptor-2) [37]. CXCR1 and CXCR2 agonists are signifi-
cant mediators of cancer-induced NETosis so that NETs 
cover tumor cells and protect them from immune cell cy-

totoxicity [39]. Tumor cells protected from cytotoxicity 
with NETs successfully metastasize while using PAD4 in-
hibitors, which reduce NETosis intensity and lowers me-
tastasis.

A multi-layered mechanism was uncovered for the 
NETs histone-related effect on hemostasis (Fig. 5). 

Histones as a part of NETs, activate endothelial cells, 
leading to release of von Willebrand factor (vWF) followed 
by triggered release of platelet inorganic polyphosphates, 
exposure of membrane-bound phosphatidylserine, 
causing activation of factor V, thereby increasing activity 
of the prothrombinase complex, and interfere with 
thrombomodulin-mediated protein C activation [40]. The 
most prominent procoagulant effect display histones 
H3 and H4. In turn, NETs are the basis for direct platelet 
aggregation and activation. Once at the injury site, NETs 
attract several proteins and coagulation factors involved 
in thromboses, such as vWF, factor XII, fibrinogen, and 
fibronectin [41].

Massive neutrophil activation during the cytokine 
storm along with release of a large NETs number and 
uncontrolled course of thromboinflammatory processes 
depends on the developing endotheliopathy in COVID-19 
[38].

Studies show that the increased neutrophil activity 
and NETs number in the placenta increases dramatically 
with developing of pregnancy complications such as 
preeclampsia (PE), miscarriage, and poor pregnancy 
outcome due to the development of autoimmune states 
[42, 43]. Pregnancy may exacerbate the pro-inflammatory 
status, which causes increased activation of neutrophils, 
which is more pronounced in patients with PE [44]. 
Studies have shown that neutrophil activation through 
the complement cascade contributes to developing 
PE-like states or is characteristic of fetal loss [45]. 
The latter is corroborated by recent reports showing 
that antiphospholipid antibodies causing NETosis are 
frequently detected in case of recurrent fetal loss [42].

The von Willebrand factor is a multi-functional acute 
phase glycoprotein that plays one of the main roles in 
primary hemostasis. Sometimes, it is located within 
multimers inside Weibel-Palade bodies in endothelial 

Activated blood clotting promotes
tumor progression

Cancer increases the risk
of thrombosis

Thrombosis Cancer

Cancer-associated
thrombosis

Tumor

Environmental
factors

Tumor

Organism

Adhesion
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Pro-inflammatory 
cytokines

Proaggregants

Procoagulants

Pro-angiogenic 
cytokines
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cells
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Platelet
activation

and aggregation
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New players...

Figure 4. Podoplanin and platelets [drawn by authors].
Note: CLEC-2 – C-type lectin-like receptor-2.

Рисунок 4. Подопланин и тромбоциты [рисунок авторов].
Примечание: CLEC-2 – лектиноподобный рецептор-2 С-типа тромбоцитов.
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genous stimulants, such as inflammatory cytokines, 
histamine, thrombin, fibrin, or exogenous desmopressin. 
The vWF multimers show a great potential to associate 
with platelets. They are highly thrombogenic, therefore 
undergoing enzymatic degradation into smaller 
fragments that exhibit less thrombogenicity until 
entering the bloodstream. Multimer trimming occurs 
due to metalloprotease ADAMTS-13 (a disintegrin and 
metalloprotease with thrombospondin type 1 motif, 
member 13) after binding to the A2 region of the vWF 
domain. Platelets and factor VIII activate this process. 
One of the factors in the pathogenesis of thrombosis 
during oncological diseases is tumor cell-dependent 
endothelial activation, which leads to released von 
Willebrand factor multimers, activated ADAMTS-13 
followed by ADAMTS-13 pool exhaustion due to its active 
consumption (Fig. 6).

NETs contain PAD4, an enzyme capable of modifying 
arginine in other proteases. An increased PAD4 
concentration during tumor growth affects ADAMTS-13 
by altering its structure, reducing affinity to the vWF 
A2 domain, thereby lowering ADAMTS-13 activity 
[46] (Fig. 7). Under SARS-CoV-2-mediated endothelial 

damage, as a vivid example of immunoinflammation, 
ADAMTS-13 is consumed by excessive amounts of vWF 
and accumulation of its ultra-high molecular weight 
multimers, which, together with platelets, lead to 
microthromosis and multiple organ failure.

All noted above does not fully reflect the complete 
picture of cancer-coupled hemostasis changes. Tumor 
cells express specific adhesion molecules (E-selectin, 
P-selectin, ets.), which ensure attachment to the 
blood vessel wall and interaction with the endothelium, 
platelets, and leukocytes [47, 48]. Studies have shown 
that in cancer patients P-selectin is a high risk marker of 
thrombosis [48].

Damage-associated molecular patterns (DAMPs) are 
a heterogeneous group of molecules (histones, acute 
phase proteins, etc.) that are released by tumor cells 
during death events. DAMPs have a significant influence 
on the hemostasis activation [49].

Over the past decades, knowledge on the thrombosis 
pathogenesis in cancer has been profoundly deepened, 
many mechanisms, and factors have been identified. 
One recent study has hypothesized that the underlying 
mechanism in each case that controls thrombosis may 
depend on the tumor type. For example, lung tumor 

Hypercoagulation
– ↑ factor XII activation (internal coagulation  
   pathway activation)
– factor XI activation (external coagulation 
   pathway activation)
– platelets activation
– ↑ prothrombin autoactivation

Disturbances in anticoagulant system
– endothelial damage
– decreased glycosaminoglycans synthesis in the 
   endothelium
– impaired antithrombin-dependent thrombin inactivation 
– impaired thrombin–thrombomodulin interactions
– proteolysis of tissue factor pathway inhibitors

Hypofibrinolysis
– ↑ formation of tPA complexes with PAI-1
– ↓ intensity of plasmin synthesis from plasminogen under tPA
– binding of proteins responsible for fibrin degradation, 
   and reducing of its secretion by fibrin clots
– ↓ plasmin (competitive inhibition)
– covalent binding to fibrin with participation of XIIIa factor
– non-covalent binding with thickening of fibrin filaments 
– ↑ fibrinogen resistance to fibrinolysis
– ↑ fibrin polymerization
– ↓ tPA-mediated plasmin synthesis

ADAMTS-13 and APA
– associated with von Willebrand factor
– proteolytically cleave ADAMTS-13
– proteolytically cleave the binding site 
   of ADAMTS-13 on von Willebrand factor
– promote production of antiphospholipid 
   antibodies

Figure 5. NETs multicomponent influence on hemostasis [drawn by authors].
Note: NETs – neutrophil extracellular traps; tPA – tissue plasminogen activator; PAI-1 – plasminogen activator inhibitor-1; PAD4 – peptidyl arginine deiminase 4; 
NE – neutrophil elastase; MPO – myeloperoxidase; citH4 – citrullinated histone H4; citH2B – citrullinated histone H2B; ADAMTS-13 – a disintegrin and 
metalloprotease with thrombospondin type 1 motif; АРА – antiphospholipid antibodies; TF – tissue factor.

Рисунок 5. Многокомпонентное влияние NETs на гемостаз [рисунок авторов]. 
Примечание: NETs – внеклеточные ловушки нейтрофилов; tPA – тканевой активатор плазминогена; PAI-1 – ингибитор активатора плазминогена-1; 
PAD4 – пептидил-аргинин деиминаза 4; NE – эластаза нейтрофилов; MPO – миелопероксидаза; citH4 – цитрулированный гистон Н4; citH2B – 
цитрулированный гистон Н2В; ADAMTS-13 – дизинтегрин-подобная металлопротеаза с мотивом тромбоспондина 1; АФА – антифосфолипидные 
антитела; TF – тканевой фактор.

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Gris J.-K., Elalamy I.,  
Pankratyeva L.L., Tsibizova V.I., Ungiadze J.Yu., Makatsariya A.D. 
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granulocyte colony-stimulating factor (G-CSF) leads 
to increased neutrophil count and related NETs release, 
which increase thrombosis in patients with lung cancer. 
Thrombocytosis is the leading mechanism in ovarian 
cancer, with interleukin-6 (IL-6) stimulating hepatocytes 
to express thrombopoietin, increasing platelet production 
and thrombosis.

Pancreatic tumor cells release tissue factor and 
microvesicles (TF + MV) into the bloodstream, promoting 
thrombosis [50]. Brain tumor cells can release 
podoplanin-containing microvesicles (PDPN+MV) that 
activate circulating platelets and increase thrombosis in 
patients with brain cancer [2].

Not only in non-infectious inflammatory and 
oncological diseases but also in severe infections, 
including new coronavirus infection COVID-19 and sepsis, 
the systemic inflammatory response is accompanied by 
the production of a large NETs number and the activation 
of many pathways noted above, with subsequent 
endothelial damage, intravascular coagulation, and 
organ dysfunction, which evidence about common 
features in underlying pathogenetic mechanisms [51]. 
Since the COVID-19 pandemic start, many publications 
have appeared (description of clinical cases and review 

Figure 6. Interaction of ADAMTS-13 metalloprotease and von 
Willebrand factor [drawn by authors].
Note: GP1b – glycoprotein 1b; A1, A2, A3 – domains of von Willebrand 
factor multimer; ADAMTS-13 – a disintegrin and metalloprotease with 
thrombospondin type 1 motif;  Met – methionine amino acid;  
Tyr – tyrosine amino acid.

Рисунок 6. Взаимодействие металлопротеазы ADAMTS-13  
и фактора фон Виллебранда [рисунок авторов]. 
Примечание: GP1b – гликопротеин 1b; А1, А2, А3 – домены мультимера 
фактора фон Виллебранда; ADAMTS-13 – дизинтегрин-подобная 
металлопротеаза с мотивом тромбоспондина 1; Мet – аминокислота 
метионин; Tyr – аминокислота тирозин.

Figure 7. NETs effect on ADAMTS-13 activity [drawn by authors].
Note: NETs – neutrophil extracellular traps; PAD4 – peptidyl arginine deiminase 4; GP1b – glycoprotein 1b; A1, A2, A3 – domains of von Willebrand factor 
multimer; ADAMTS-13 – a disintegrin and metalloprotease with thrombospondin type 1 motif; Tyr – tyrosine amino acid; NE – neutrophil elastase;  
MPO – myeloperoxidase; citH4 – citrullinated histone H4; citH2B – citrullinated histone H2B; TF – tissue factor.

Рисунок 7. Влияние NETs на активность ADAMTS-13 [рисунок авторов]. 
Примечание: NETs – внеклеточные ловушки нейтрофилов; PAD4 – пептидил-аргинин деиминаза 4; GP1b – гликопротеин 1b; А1, А2, А3 – домены 
мультимера фактора фон Виллебранда; ADAMTS-13 – дизинтегрин-подобная металлопротеаза с мотивом тромбоспондина 1; Tyr – аминокислота 
тирозин; NE – эластаза нейтрофилов; MPO – миелопероксидаза; citH4 – цитрулированный гистон Н4; citH2B – цитрулированный гистон Н2В;  
TF – тканевой фактор.
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articles) devoted to impaired hemostasis and thrombosis. 
Decompensation of the systemic inflammatory response 
and a prothrombotic state is now recognized as the 
pivotal pathogenetic arms of severe COVID-19 course 
[52]. Regarding COVID-19 it is worth noting that 
the terms thrombosis, endothelial dysfunction, and 
immunothrombosis have been increasingly more often 
associated with its pathogenesis.

NETs are one of the causes for developing severe 
COVID-19 [53]. Histones, the main NETs components, 
have a cytotoxic effect, induce cell damage being 
detected within thrombi along with platelets in the lungs 
of infected subjects [54]. Excessive neutrophil activation 
and NETs production contribute to acute lung tissue 
injury, microthrombosis, hemorrhage, and pulmonary 
insufficiency. Chromatin networks disrupt the alveolar-
capillary barrier, leading to endothelial damage and 
hemorrhage [55].

The common features in the pathogenetic mechanisms 
between acute infectious process and tumor growth 

allow to advance the understanding of cancer-linked 
pathogenesis after the last pandemic.

Conclusion / Заключение

Cancer-associated thrombosis is a special type of 
prothrombotic condition. Moreover, risk assessment, 
monitoring, and management should be carried out 
considering the existing knowledge about etiopatho- 
genesis. Inflammation and thrombosis play an essential 
role in tumor progression and metastasis in cancer patients. 
Coronavirus infection has become a vivid example of  
severe conditions caused by immunothrombosis. The 
main arms in the pathogenesis of severe COVID-19 
are presented by intravascular coagulation along with 
increased thrombin generation, endotheliopathy in 
parallel with cytokine storm, NETosis, as well as activation 
of platelets and the complement system. Altogether, it 
opens up new horizons for developing modern innovative 
strategies for treating cancer patients.
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