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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Patients with malignancy have higher risk 

of developing venous thromboembolism. The incidence 
among different groups of cancer patients varies considerably 
depending on clinical factors, the most important being tumor 
entity and stage. The study was approved by the local ethics 
committee on human research, and written informed consent 
was obtained from all the study participants. After written 
informed consent was obtained, a precise medical history was 
taken, with particular attention to questions about the presence 
of thrombotic risk factors at the onset of VTE.

Method: We retrospectively enrolled 50 patients with Venous 
Thromboembolism (DVT and PTE) having malignancy 
and 50 healthy controls from January 2020 to December 
2020. DVT were diagnosed using peripheral vascular duplex 
ultrasonography while PTE was confirmed in all cases 
by computed tomography. Patients having treatment with 
anticoagulant therapy, recent surgery less than 8 days previously, 
refusal or inability to give informed consent, and inability for 
ascending contrast venography or inadequate results of the 
venographic examination were excluded from the study.

Results: Biomarkers have been specifically investigated 
for their capacity of predicting venous thromboembolism 
(VTE) during the course of disease. The relationships between 
inflammation markers e.g., IL-6, IL-8 and CRP as indicators of 
the inflammatory process and clinical venous thromboembolism 
need to be investigated. We investigated IL-6, IL-8 and CRP in 
50 patients with venous thromboembolism having malignancy 
and reported that patients having venous thromboembolism 
have increased levels of IL-6, IL-8 and CRP (p value < 0.05).

Conclusions: Our study concluded that in cancer patients, 
inflammatory biomarkers play significant role in developing 
venous thromboembolism.  This supports the hypothesis that, 
markers of systemic inflammatory response are involved in 
development of thromboembolism in patients with malignancy.

Key words. Venous thromboembolism, inflammatory 
biomarkers, systemic inflammatory response syndrome, 
malignant neoplasms.
Introduction.

Systemic inflammatory response syndrome (SIRS) is a clinical 
expression of host response of the body towards virulent 
stimuli and involves the release of acute-phase reactants, which 
are direct mediators of widespread autonomic, endocrine, 
hematological, and immunological alteration in the subject. 

Even though the purpose is defensive, the dysregulated 
cytokine storm can cause a massive inflammatory cascade 
leading to reversible or irreversible end-organ dysfunction and 
even death  [1]. It is present in one-third of the indoor patients 
and 50 % of the patients admitted in ICU [2].  According To 
latest studies, chronic inflammation plays an essential role in 
the development and progression of malignancies [3] and it is 
involved in the mechanism that determine thrombus formation 
which is characterized by damage to the vascular walls leads 
to the activation of platelets, leukocytes, and endothelial cells 
activating the coagulation cascade [4]. Armand Trousseau first 
reported on the relationship between thrombosis and cancer in 
1865 [5].  Since then, several studies reported that thrombosis is 
most common complication of malignancy and second leading 
cause of mortality in cancer patients [6]. Despite advancement, 
the association between inflammation and thrombus formation 
in malignancies has not yet been established. Recent studies 
demonstrated that the correlation between the thrombus 
formation and markers of system inflammatory markers i.e., 
CRP, IL-6, IL-8, Leukocytes exists [7]. Cancer patients have 4 
to 7 times higher risk of having VTE than those without cancer. 
Around 20–30% of deep venous thrombosis cases occur in 
cancer patients [8]. Khorana et al found in the ANC Study Group 
Registry that cancer patients with leukocytosis had a twofold 
increased risk of venous thromboembolism [9]. In a subsequent, 
several studies observed significantly higher incidence of venous 
thromboembolism (3%) due to persistence of leukocytosis even 
after first cycle of chemotherapy. Not only leukocytosis but 
absolute neutrophil and absolute monocyte count also associated 
with greater incidence of venous thromboembolism [10]. Pro-
inflammatory cytokines i.e., IL-6, IL-8 produced by various 
types of cells including inflammatory cells, keratinocytes, 
fibroblasts, and endothelial cells play their part in promoting 
pro-coagulant status especially by inducing TISSUE FACTOR 
expression and it induces several acute phase reactants including 
CRP [11]. However, the real connection between markers of 
systemic inflammatory response and thromboembolism in 
cancer patient is not completely understood. In this study we 
ought to determine the role of markers of systemic inflammatory 
response in thrombus formation by knowing the molecular 
and immune mechanisms and identifying the inflammation 
markers relevant for venous thrombosis to identify targets for 
future therapies in malignancies. Role of biomarkers in the 
pathophysiology of venous thromboembolism is shown below 
(Table 1).
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Materials and methods.
We retrospectively enrolled 50 patients with Venous 

Thromboembolism (DVT and PTE) having malignancy 
and 50 healthy controls from January 2020 to December 
2020. DVT were diagnosed using peripheral vascular duplex 
ultrasonography while PTE was confirmed in all cases 
by computed tomography. Patients having treatment with 
anticoagulant therapy, recent surgery less than 8 days previously, 
refusal or inability to give informed consent, and inability for 
ascending contrast venography or inadequate results of the 
venographic examination were excluded from the study. The 
study was approved by the local ethics committee on human 
research, and written informed consent was obtained from all 
the study participants. After written informed consent was 
obtained, a precise medical history was taken, with particular 
attention to questions about the presence of thrombotic risk 
factors at the onset of VTE. Interleukin-6 and interleukin-8 
concentrations were determined with a commercially available 
enzyme-linked immunosorbent assay. CRP was assayed with an 
immunoassay on a Vitros 250.
Diagnosis of VTE.

Distal and proximal DVT were diagnosed using peripheral 
vascular duplex ultrasonography. Proximal DVT was defined 
as thrombosis at the level of the popliteal veins or above. Distal 
DVT was defined as thrombosis occurring within the calf 
veins. Duplex examinations were performed by 2 experienced 
vascular technicians using Mindray DC-T6 (Shenzhen, China) 
with a 7-MHz probe. The examination was performed with the 
patient in a reverse Trendelenburg position at 45o, the knees 
flexed, and the feet resting on a foot support. The common 
femoral vein, the femoral vein (proximal and middle), the great 
saphenous vein (proximal, middle, and distal), the popliteal 
vein, the short saphenous vein, the posterior and anterior tibial 
veins, and the peroneal and gastrocnemial veins were examined. 
The diagnosis of PTE was confirmed in all cases by computed 
tomography. The VTE was defined as idiopathic if the event 
occurred in the absence of a known triggering condition, 
such as surgery, trauma, fracture, immobilization, pregnancy, 
puerperium, and the use of oral contraceptive. The VTE was 
defined as secondary if it occurred in the presence of at least1 of 
the previous conditions.

Statistics.
The significance of differences in concentrations between the 

patients and the control subjects was tested with the Mann-
Whitney test. Elevated levels of interleukin-6, interleukin-8, 
and CRP were defined as concentrations of more than the 
90th percentile of the distribution in the control subjects. The 
significance of the difference in concentration during the time 
course was evaluated with the Mann-Whitney test for paired 
samples P values of less than 0.05 were considered significant.

Figure 1. Plasma levels of IL-8 in control patients and patients with 
Venous Thromboembolism.

Figure 2. Plasma levels of CRP in control patients and patients with 
Venous Thromboembolism.

Results.
The median age of the patients with DVT was 53.7 years 

(range, 26 to 88 years) and of the control subjects was 54.0 

Biomarkers Role in the Pathophysiology of venous 
thromboembolism

C-Reactive 
protein

CRP is a non-glycosylated protein, synthesized 
mainly in the hepatocyte. Its production is 
stimulated by cytokines. It modulates innate 
immunity [12].

Interleukins

Released by leukocytes, endothelial cells, and other 
cell types that promote inflammation, they influence 
endothelial function, and the expression of tissue 
factor.IL-6 increases tissue factor production and 
factor VIII transcription, along with fibrinogen 
production [13].
IL-8induces tissue factor production and adhesion 
of monocytes to the endothelium, thus inducing a 
procoagulant surface [14].

Table 1. Role of biomarkers in the pathophysiology of venous 
thromboembolism.
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years (range, 28 to 85 years). The median plasma concentrations 
of interleukin-6, interleukin-8, and CRP were higher in the 
patients with VTE as compared with the control subjects. In the 
patients with VTE, the median plasma levels of interleukin-6, 
interleukin-8, and CRP were 16.0 pg/mL (range, <4 to 72 
pg/mL), 14.5pg/mL (range, <4 to 78 pg/mL), and 42.5 mg/L 
(range,<6 to 166 mg/L), respectively, and in the control subjects 
were less than 5 pg/mL (range, <1 to 12 pg/mL; P <.001), 9.0 
pg/mL (range, <2 to 55 pg/mL; P < .001), and 8.5mg/L (range, 
<2 to 65mg/L; P < .001), respectively (Figures 1 and 2).
Discussion.

In patients with venous thromboembolism, this study found 
an apparent systemic inflammatory response with increased 
plasma levels of interleukin-6,interleukin-8, and CRP. The 
most common cause of morbidity and mortality is found to 
be venous thromboembolism [15]. It has been observed that 
low-grade inflammation results in venous thromboembolism 
because inflammatory markers like interleukin-6, interleukin-8, 
and monocyte chemo attractive protein-1 concentration were 
raised in patients after a thrombotic event [14]. And some 
studies also suggest the involvement of inflammation not 
only in the pathophysiology of arterial thrombosis but also, 
in venous thromboembolism [16,17]. According to some 
studies, it is evident that there is an established relationship 
between inflammatory status and the prothrombotic state 
[18]. Inflammation impedes various levels of hemostasis, 
by activation of coagulation or inhibition of fibrinolysis and 
anticoagulant pathways. Proinflammatory cytokines are the 
primary mediators of inflammation induced coagulation 
activation. Cytokines, particularly IL-6, stimulate the synthesis 
of acute-phase proteins, like CRP in the liver [19,20]. The 
role of CRP in venous thromboembolism, on the other 
hand, remains unknown. CRP’s causative significance in 
development of venous thromboembolism was shown to be 
weak in recent studies [21]. According to population-based 
study, individuals with high CRP have 1.6-fold greater risk of 
venous thromboembolism. These results contradict the findings 
of two major prospective trials that found no association 
between blood CRP levels and the incidence of venous 
thromboembolism [22]. Except for elevated CRP levels at the 
diagnosis of venous thromboembolism, no other studies have 
been published on inflammatory markers in the acute phase of 
venous thromboembolism in patients with malignancy [23]. A 
study by Edith M. stated that an apparent inflammatory response 
with highest measured concentrations of inflammatory markers 
on the day of admission and a subsequent decrease during the 
next days. This response supports the hypothesis that elevated 
inflammatory markers are a result rather than a cause of venous 
thrombosis [16]. Although numerous studies have been done on 
the relationship between various inflammatory biomarkers such 
as IL-6, IL-8, sP-selectin, MCP1, TNFα, and CRP,4,6,17 and 
VTE, our study demonstrated the role of inflammatory markers 
in thromboembolism in patients with malignancy and observed 
raised concentrations of inflammatory markers in patients with 
venous thromboembolism.

Conclusions.
We concluded that, in the acute phase of venous 

thromboembolism, there is an apparent systemic inflammatory 
response with highest measured concentrations of inflammatory 
markers in patients with malignancy. This supports the 
hypothesis that, markers of systemic inflammatory response are 
involved in development of thromboembolism in patients with 
malignancy.
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Роль маркеров системного воспалительного ответа 
в патогенезе тромботических осложнений при 
злокачественных опухолях

Аннотация
Предпосылки: У пациентов со злокачественными 

опухолями наблюдается повышенный риск развития 
венозной тромбоэмболии. Уровень заболеваемости среди 
различных групп онкологических больных значительно 
варьирует в зависимости от клинических факторов, 
наиболее важными из которых являются тип опухоли и 
стадия заболевания. Исследование было одобрено местным 
этическим комитетом по исследованиям на людях, и от 
всех участников исследования было получено письменное 

информированное согласие. После получения письменного 
информированного согласия был собран точный анамнез, 
особое внимание уделялось вопросам о наличии факторов 
риска тромбозов при возникновении ВТЭ.

Метод: Мы ретроспективно включили 50 пациентов 
с венозной тромбоэмболией (ТГВ и ТЭЛА), имеющих 
злокачественные опухоли, и 50 здоровых пациентов 
контрольной группы с января 2020 года по декабрь 2020 года. 
Диагностика ТГВ проводилась с помощью дуплексного 
ультразвукового исследования периферических сосудов, 
а ТЭЛА во всех случаях подтверждалась компьютерной 
томографией. Из исследования были исключены пациенты, 
получавшие антикоагулянтную терапию, пациенты, 
перенесшие операцию менее 8 дней назад, отказавшиеся 
или неспособные дать информированное согласие, а также 
неспособные к проведению восходящей контрастной 
венографии или пациенты, у которых были неадекватные 
результаты венографического исследования.

Результаты: Биомаркеры были специально изучены 
на предмет их способности предсказывать венозную 
тромбоэмболию (ВТЭ) в течение болезни. Необходимо 
изучить взаимосвязь между маркерами воспаления, 
например, IL-6, IL-8 и CRP, как показателями 
воспалительного процесса и клинической картины венозной 
тромбоэмболии. Мы исследовали IL-6, IL-8 и CRP у 50 
пациентов со злокачественной венозной тромбоэмболией 
и сообщили, что у пациентов с венозной тромбоэмболией 
повышен уровень IL-6, IL-8 и CRP (p<0,05). 

Выводы: Наше исследование показало, что у 
онкологических больных биомаркеры воспаления играют 
значительную роль в развитии венозной тромбоэмболии.  
Это подтверждает гипотезу о том, что маркеры 
системного воспалительного ответа участвуют в развитии 
тромбоэмболии у пациентов со злокачественными 
опухолями.

Ключевые слова: венозная тромбоэмболия, биомаркеры 
воспаления, синдром системного воспалительного ответа, 
злокачественные новообразования.
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