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Resumo 

O cancro de ovário (CO) é a segunda neoplasia ginecológica mais mortal, sendo o seu 

prognóstico desfavorável atribuído ao diagnóstico tardio e à aquisição de 

quimiorresistência. Para além disso, as doentes com CO são frequentemente 

diagnosticadas com tromboembolismo venoso (TEV), um distúrbio cardiovascular que, 

para além de deteriorar a sua qualidade de vida, é potencialmente fatal. Estas duas 

patologias têm uma relação próxima, na qual as células tumorais recrutam o sistema 

hemostático para favorecer o seu crescimento e disseminação. Os RNAs longos não 

codificantes (do inglês long non-coding RNAs (lncRNAs)) parecem estar implicados na 

patogénese de TEV na população geral. No entanto, os seus papéis em TEV associado 

a cancro permanecem por explorar. Compreender como os lncRNAs impactam a 

trombogénese venosa e a tumorigénese em CO pode levar à identificação de novos 

biomarcadores para a prevenção e/ou tratamento de TEV assim como o tratamento de 

CO. Neste presente estudo, o papel de cinco lncRNAs, nomeadamente MALAT1, TUG1, 

NEAT1, XIST e MEG8, foi avaliado numa coorte de 40 doentes com CO. Um total de 

sete doentes desenvolveram TEV associado a CO. Considerando aqueles que sofreram 

TEV após diagnóstico de CO (n=5), a ocorrência de trombose foi associada a uma pior 

sobrevivência global (teste de log-rank, p=0,028). Níveis elevados de MEG8 pré-

quimioterapia em células do sangue periférico foram um preditor de TEV após o 

diagnóstico de CO (teste de Man Whitney, p=0,037; teste Χ², p=0,033). Contrariamente, 

baixos níveis de MEG8 foram associados a um maior risco de progressão de CO (razão 

de risco ajustada (do inglês, adjusted hazard ratio (aHR)) = 3,00; intervalo de confiança 

de 95% (IC), 1,06-8,51; p=0,039). Adicionalmente, baixos níveis de NEAT1 pré-

quimioterapia em células do sangue periférico foram associados a um maior risco de 

morte de CO (aHR=6,25; 95%CI, 1,60-24,43; p=0,008). Relativamente aos restantes 

lncRNAs, não se verificou nenhuma associação significativa com a incidência de TEV, 

progressão tumoral e sobrevivência das doentes. Futuramente, estudos de validação 

deverão ser realizados a fim de explorar os papéis destes lncRNAs em doentes com 

CO.  

Palavras-chave: neoplasias do ovário, trombose venosa, RNAs longos não 

codificantes, terapia, tromboprofilaxia, prognóstico. 
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Abstract 

Ovarian cancer (OC) is the second deadliest gynaecological tumour. Its poor prognosis 

is attributed to the common late diagnosis of the disease and the acquisition of 

chemoresistance. Patients with OC are commonly diagnosed with venous 

thromboembolism (VTE), a cardiovascular disorder that deteriorates their quality of life, 

being also possibly life-threatening. These two diseases have a close relationship, in 

which tumour cells capture the haemostatic system to boost their growth and 

dissemination. Long non-coding RNAs (lncRNAs) seem to be implicated in VTE 

pathogenesis in the general population. Yet, their roles in cancer-associated VTE are 

unexplored. Comprehending how lncRNAs impact venous thrombogenesis and ovarian 

tumorigenesis may help identify valuable biomarkers for both VTE and OC management, 

which are currently needed. In this study, the roles of five lncRNAs, namely MALAT1, 

TUG1, NEAT1, XIST, and MEG8, were evaluated in a cohort of 40 OC patients. Seven 

patients developed OC-related VTE. For those with VTE after OC diagnosis (n=5), 

venous thrombogenesis was associated with worse overall survival (log-rank test, 

p=0.028). Elevated prechemotherapy MEG8 levels in peripheral blood nucleated cells 

(PBNCs) were a predictor of VTE after OC diagnosis (Man Whitney test, p=0.037; Χ² 

test, p=0.033). In opposition, its low levels were linked to a higher risk of OC progression 

(adjusted hazard ratio (aHR) = 3.00; 95% confidence interval (CI), 1.06-8.51; p=0.039). 

Furthermore, low prechemotherapy NEAT1 levels in PBNCs were associated with a 

higher risk of death (aHR=6.25; 95%CI, 1.60-24.43; p=0.008). As for the remaining 

lncRNAs, no significant association with VTE incidence, OC progression or related 

mortality was observed. Future investigation with external validation is needed to explore 

the roles of the evaluated lncRNAs in OC patients. 

Keywords: ovarian neoplasms, venous thrombosis, long non-coding RNAs, 

thromboprophylaxis, drug therapy, prognosis. 
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I. Introduction 

1. Ovarian cancer  

Worldwide, ovarian cancer (OC) ranks eighth in both incidence and fatality among 

malignancies in women, with approximately 313, 959 new cases and 207, 252 deaths 

reported in 2020 (Figure 1a). In Portugal, OC is the thirteenth most diagnosed cancer 

and the eighth deadliest in women, with 561 new cases and 408 deaths reported in the 

same year (Figure 1b) [1]. Though OC rates have fallen over the years, mainly due to 

the increased use of oral contraceptive pills, this malignancy remains the second 

deadliest gynaecological cancer after cervical cancer [2, 3]. In fact, despite being 

relatively rare, OC stands out as the most lethal gynaecological tumour. This is partially 

attributed to the often late diagnosis of the disease owing to its nonspecific symptoms 

and lack of screening methods with adequate sensitivity and specificity [2-4].  

Characterized as a heterogenous disease, OC encompasses three main types: epithelial 

(the most frequent), germ cell and sex-cord-stromal tumours, with the latter two 

accounting for only about 5% of all cases. Epithelial OC (EOC) or ovarian carcinoma has 

four primary histologic subtypes: serous (70-80%), clear cell (CCC; 10%), endometrioid 

(10%) and mucinous tumours (3%). As well, depending on the molecular profile and 

clinical behaviour, EOC can be divided into two groups: type I and type II carcinomas [4]. 

While type I is linked to continued ovulation cycles, inflammation, and endometriosis and 

usually originates in the ovary, type II is associated with a high degree of genetic 

instability (i.e. mutations in breast cancer gene 1/2 (BRCA1/2), tumour protein 53 (TP53) 

and other tumour-suppressing genes), has his origin typically in the fallopian tube and 

correlates with more fatal outcomes [4-7]. Serous tumours, the most common EOC 

subtype, can be classified as either high-grade (HGSC) or low-grade serous carcinomas 

(LGSC). While LGSCs make up less than 5% of all EOC subtypes, HGSCs account for 

70% to 80% in the same group and are accordantly associated with a worse prognosis 

[4]. Each OC subtype has a distinct aetiology, differentiation, pathogenesis and 

molecular profiles, which is reflected in differences in the response to therapeutic 

approaches and the overall clinical outcome of the patients [8]. 
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Figure 1. Estimated number of incident cancer cases and deaths a) worldwide and in b) Portugal among women of all 

ages in 2020.  

Worldwide, ovarian cancer ranks eighth in both frequency and fatality among malignancies in women, with approximately 

313, 959 new cases and 207, 252 deaths reported in 2020. In Portugal, ovarian cancer is the thirteenth most diagnosed 

malignancy and the eighth deadliest with 561 new cases diagnosed and 408 deaths reported in 2020. Data retrieved from 

GLOBOCAN 2020 [1].  

 

Regarding the disease aetiology, several modifiable and nonmodifiable risk factors are 

thought to play a role in ovarian tumorigenesis (Figure 2). Although with inconsistent 
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data, the modifiable determinants appear to include hormonal replacement therapy, 

smoking, alcohol consumption, physical inactivity, unhealthy diet, obesity and nulliparity 

[4, 9]. Nonmodifiable risk factors, in turn, encompass a family history of tumours, mainly 

due to the hereditary breast and ovarian cancer syndrome (includes mostly germline 

mutations in BRCA1 and BRCA2) and Lynch syndrome (germline mutations in genes 

related to DNA mismatch repair), with advanced age, early menarche, late menopause, 

endometriosis and ethnicity/race constituting also important risk determinants [4, 10]. For 

instance, OC is more incident in non-Hispanic white women (12.0 per 100,000), followed 

by Hispanic (10.3 per 100,000), non-Hispanic black (9.4 per 100,000) and Asian/Pacific 

Islander women (9.2 per 100,000) [11]. However, African populations are reported to 

have the highest related mortality rate, most likely due to the imbalanced healthcare 

access and non-standard treatment protocols provided in these communities. 

Additionally, genetic susceptibility, the presence of co-existing health conditions or the 

higher prevalence of modifiable risk factors also contribute to this ethnicity/race 

discrepancy [12]. In opposition, other factors can be pointed out as protective or 

associated with a lower risk of OC development. The list includes oral contraceptive use, 

pregnancy, breastfeeding, tubal ligation or hysterectomy and prophylactic oophorectomy 

[9]. Concordantly, studies have shown that the fewer ovulatory cycles a woman 

completes, the lower the predisposition for OC, possibly due to the proinflammatory 

response that occurs in the fallopian tubes during ovulation, which increases the 

malignant tendencies in the ovaries [4, 7, 13]. A better comprehension of OC aetiology 

and the identification of risk determinants for OC is important to better tailor prevention 

measures.  

 

Figure 2. Risk determinants associated with ovarian tumorigenesis.  

The aetiology of ovarian cancer is diverse and not entirely understood. Several risk and protective determinants have 

been reported, the most established being advanced age and genetic predisposition. The figure was created with 

BioRender.com.  
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Currently, there is no surefire way to prevent OC. Still, the Society of Gynecologic 

Oncology lists the use of oral contraceptives, tubal sterilization and salpingo-

oophorectomy for women at high risk as possible prophylactic options, particularly for 

those with hereditary syndromes related to the disease. As such, genetic counselling 

and testing should be offered to women with a family history of the disease [13]. 

Another challenge related to OC is its nonspecific symptoms and lack of screening 

methods with appropriate performance [4]. Pelvic examination, transvaginal ultrasound 

and the cancer antigen 125 (CA-125) blood test, which were proposed as possible 

candidates for the disease screening, have been consistently showing poor sensitivity 

and specificity in trials considering women in the general and the high-risk population 

[14-16]. Additionally, screening for asymptomatic and average-risk women is not 

recommended due to the low prevalence of the disease and the high probability of 

obtaining false-positive results, which might lead to unnecessary interventions [17, 18]. 

As a result, OC patients are frequently (~70%) diagnosed at advanced stages (III and 

IV), which, as previously mentioned, significantly impacts their prognosis [4]. Of note, 

current diagnostic strategies encompass the combination of medical history evaluation, 

gynaecological exam, imaging tests (transvaginal ultrasonography, computed 

tomography, magnetic resonance imaging (MRI), and/or positron emission tomography 

(PET)) and serum CA-125 measurement, requiring also a histopathological examination 

for a definitive diagnosis and staging [19-21]. 

At diagnosis, the International Federation of Gynecology and Obstetrics (FIGO) staging 

system is one of the most important tools used to predict the clinical outcome of OC 

patients and evaluate their therapeutical options  [22]. This system was first published in 

1973 and was last revised in 2018 [18, 22]. It comprises four stages, namely I, II, III, and 

IV, each one with several subdivisions. Stage I integrates tumours confined to either the 

ovary (one or both ovaries) or the fallopian tubes, while, at stage II, the tumour has 

already spread beyond the ovaries or fallopian tubes, with pelvic extension. In stage III, 

cancer cells spread to the peritoneum outside the pelvis, and there might be metastasis 

to the retroperitoneal lymph nodes. Lastly, stage IV, the most advanced one, is 

characterized by the dissemination of the tumour to other body parts beyond the pelvis 

and abdomen [18].  

Regarding the disease treatment, it relies on several factors, including the disease stage, 

histologic subtype, the patient's general well-being and medical background and genetic 

mutations. The standard treatment encompasses debulking surgery, with the removal of 

the affected tissue, followed by chemotherapy with a combination of platinum-containing 

drugs (cisplatin and carboplatin, the latter with lower toxicity without compromising 
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survival) with or without taxane family agents (paclitaxel and docetaxel) [4, 23, 24]. 

Furthermore, at advanced stages, for those not suitable for primary debulking, it may be 

necessary to perform neoadjuvant chemotherapy to lower the tumour burden prior to 

surgery. In opposition, for patients in the early stages, in some cases, surgery followed 

by observation is the recommended approach [18]. Another possible therapeutic 

approach is radiotherapy. However, except for its use in palliative care, it is no longer 

used as a standard practice due to its high toxicity rates and less effectiveness when 

compared to platinum-based chemotherapy. However, with modern and less toxic 

radiotherapy techniques, its use is being reassessed [25-27]. Importantly, following 

cytoreductive surgery and chemotherapy, most OC patients attain a state of complete 

clinical remission. Nonetheless, approximately 50-70% of these individuals encounter 

recurrence around 18 months, often linked to resistance to chemotherapy [4, 28, 29]. 

Intratumor heterogeneity is the primary driver behind treatment ineffectiveness and the 

development of drug resistance in OC, with both of them posing hurdles in the disease 

management [30]. For women resistant to platinum and/or with recurrent disease, 

hormonal therapy can be used as a treatment option, as stated by National 

Comprehensive Cancer Network (NCCN) OC guidelines (2021) and the European 

Society of Medical Oncology/European Society of Gynecological Oncology guidelines 

[15, 18]. Other alternative approaches include gemcitabine and doxorubicin-based 

chemotherapy [24]. In addition to the first line of treatment, maintenance therapy for OC 

patients is also important, particularly to minimize the relapse rate [18]. Over the last 

decade, new treatments have been emerging and with them, the use of poly (ADP-

ribose) polymerase (PARP) inhibitors. As maintenance therapy, PARP inhibitors seem 

to have a positive effect in patients with platinum-sensitive recurrent OC. They also prove 

beneficial as monotherapy for those with recurrent disease [18, 31]. Examples of drugs 

in this category include Olaparib and Rucaparib, which are used in combination after 

first-line chemotherapy [4]. In terms of function, PARP proteins are known to help cells 

self-regenerate after they suffer damage, being crucial for DNA damage repair. In the 

context of malignancy, tumour cells can use these proteins to repair the damage caused 

by chemotherapy [4, 31]. For OC patients with homologous-recombination deficiency, 

meaning their homologous recombination repair (HRR) pathway is not functioning 

effectively (mainly due to mutations in BRCA1 and BRCA2), PARP inhibitors leverage a 

vulnerability in tumour cells rendering these cells unable to efficiently repair specific types 

of DNA damage, thus promoting their apoptosis [31, 32]. Consequently, these inhibitors 

arrest the regeneration process of tumour cells after chemotherapy, effectively inhibiting 

their growth [4]. Another established maintenance approach for patients at advanced 

stages involves the combination of the antiangiogenic drug, Bevacizumab, with a 

regimen of carboplatin and paclitaxel, followed by subsequent administration of 



FCUP 
Long non-coding RNAs associated with venous thromboembolism: impact on the prognosis of 

ovarian cancer patients 

7 

 
 
Bevacizumab alone [33]. Additionally, also for individuals with advanced disease, 

combining Bevacizumab and Olaparib as maintenance therapy is proven to be beneficial, 

regardless of the presence of a BRCA mutation [33]. This angiogenesis inhibitor acts by 

attaching to circulating vascular endothelial growth factor (VEGF), blocking its ability to 

bind to receptors present on the surface of vascular endothelial cells (vECs). 

Consequently, this hinders the formation of new blood vessels and the pressure of 

interstitial fluid within tumours is reduced, creating a more favourable environment for 

chemotherapeutic drugs to effectively reach their designated targets [34].  

As for the prognosis assessment, serum CA-125, FIGO stage, histologic subtype, tumour 

differentiation, degree of tumour reduction surgery and course of chemotherapy are 

independent prognostic factors of OC patients widely used to help clinical decision 

making to improve patient’s clinical outcome [35-37]. Among these biomarkers, serum 

CA-125 is the one used not only to assess prognosis but also to monitor the disease 

recurrence. The levels of this OC marker are associated with clinical staging and survival. 

Specifically, patients with lower levels of preoperative CA-125 tend to have a higher 

survival than their counterparts [38]. However, non-tumour cells, such as mesothelial 

cells, can also secrete CA-125 in a proinflammatory environment, having this biomarker 

limited specificity [35, 36, 39]. Regarding the tumour stage, those at stage I have a 90% 

5-year survival rate, while for those with regional (when cancer spreads to nearby 

tissues) and metastatic disease, the survival rates fall to 80% and 25%, respectively [4, 

40]. Concerning the histological subtype, the survival rate also varies, with type I EOC, 

germ cell and sex-cord-stromal tumours being generally associated with higher survival 

rates [4, 41]. The quality of surgery, which encompasses the extent of tumour removal 

(R0, R1 and R2), the dissection of the lymph nodes and even the prevention of tumour 

rupture, is known to significantly affect the prognosis of OC patients [40, 42]. For 

instance, achieving an R0 cytoreductive surgery, which means complete resection of the 

tumour tissue, is regarded as the optimal goal given its significant enhancement in 

survival rates compared to suboptimal cytoreduction (R1 and R2) for OC patients [43-

45]. Regarding chemotherapy, the optimal approach relies essentially on cancer stage, 

grade and histology. Different adjuvant chemotherapy approaches have markedly 

improved the survival rates in both early and advanced-stages. Examples of these 

strategies include the combination of paclitaxel with platinum-based chemotherapy, 

administration of intraperitoneal cisplatin for optimally cytoreduced cases (heated 

intraperitoneal chemotherapy (HIPEC)), transitioning to a dose-dense weekly paclitaxel 

regimen instead of the conventional three-week schedule [45, 46]. 

In summary, OC patients have a poor prognosis that can be explained by the lack of 

effective screening tools and the common acquisition of chemoresistance followed by 
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tumour recurrence. There is currently a need for more and better therapeutic options and 

adequate prognostic biomarkers to improve the clinical outcome of these patients, which 

requires a better knowledge of ovarian tumorigenesis. 

 

2. Venous thromboembolism  

The blood circulatory system (or the cardiovascular system) is responsible for 

transporting and delivering various compounds, including nutrients and gases, being 

also engaged in removing waste products [47]. As such, ensuring the integrity of the 

blood vessels in this complex network is vital, a function carried out by the haemostatic 

system, which allows the continuous blood circulation [48].  

Haemostasis is a complex and dynamic process that rapidly responds to vascular injury. 

Several biochemical and cellular processes are triggered following vascular damage to 

form a blood clot, a process known as blood coagulation (or blood clotting). This 

mechanism stops blood loss, restores haemostasis and initiates vascular repair [49]. 

Haemostasis is, however, under tight regulation to limit blood coagulation to sites of 

vascular damage, preventing haemorrhage and the formation of unnecessary blood clots 

known as thrombi. The generation of a thrombus (i.e., thrombosis) can be life-threatening 

as it might restrict or even block the blood circulation inside the vessels, preventing the 

transportation of compounds and exchange of gases [50, 51]. Thus, proclotting and 

anticlotting mechanisms that regulate haemostasis must be balanced to avoid excessive 

bleeding and thrombogenesis. To maintain the haemostatic balance, four key players - 

vECs, platelets, the coagulation cascade, and the fibrinolytic system - interact in an 

intricate and tightly controlled manner (Figure 3). In short, the damage to blood vessels 

activates platelets, which adhere to the exposed subendothelial matrix. Simultaneously, 

the coagulation cascade is triggered to stabilize the platelet plug with fibrin and form a 

blood clot at the injury site to stop the bleeding [49, 52].  
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Figure 3. Interplay between the components of the haemostatic system.  

To maintain haemostasis and prevent excessive bleeding or thrombosis, a delicate equilibrium between proclotting and 

anticoagulant mechanisms is mandatory. This balance is regulated by four essential components: vascular endothelial 

cells, platelets, the coagulation cascade and the fibrinolytic system. When vascular damage occurs, platelets are activated 

and adhere to the exposed subendothelial matrix. Parallelly, the coagulation cascade is triggered to fortify the platelet 

plug with fibrin, creating a blood clot at the injury site to stop the bleeding. Figure retrieved from Marques et. al [53].  

 

The coagulation cascade encompasses a series of sequential proteolytic activation 

reactions, with a complex interplay between several proteins named coagulation factors 

that culminate in fibrin formation. There are three major coagulation pathways according 

to the waterfall model: extrinsic (also called the tissue factor (TF) coagulation pathway) 

and intrinsic (contact coagulation pathway), with both converging on a common pathway 

(Figure 4) [54]. Coagulation factor III (FIII), thromboplastin or TF is a transmembrane 

protein located constitutively on the surface of all cells, except for endothelial and blood 

cells. When damage to blood vessels occurs, TF is released into the bloodstream 

initiating the extrinsic coagulation pathway. By combining with the coagulation factor VII 

(FVII), the complex TF-FVII (extrinsic tenase complex) activates coagulation factor X 

(FX) [55]. Activated FX (FXa) then participates in the common coagulation pathway. On 

a phospholipid surface, FXa forms a complex with activated coagulation factor V (FVa), 

known as prothrombinase complex, that converts prothrombin (coagulation factor II (FII)) 

into thrombin. Next, thrombin transforms fibrinogen (coagulation factor I (FI)) into fibrin 

that deposits at the vascular injury site, forming a network together with platelets to 

create a blood clot [56]. Parallelly, the intrinsic coagulation pathway is initiated by 
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collagen and other negatively charged surfaces exposed at the injury site. Once 

activated, the coagulation factor XII (FXII) activates coagulation factor XI (FXI), which 

then activates coagulation factor IX (FIX). In the presence of calcium ions (coagulation 

factor IV (FIV)), activated FIX (FIXa) forms a complex with coagulation factor VIII (FVIII) 

that generates FXa [57]. Both extrinsic and intrinsic pathways thus produce FXa, which 

then participates in the common coagulation pathway leading to thrombin generation and 

ultimately fibrin deposition [56]. To be noted, thrombin also activates thrombin activable 

fibrinolysis inhibitor (TAFI), FV, FVIII, FXI and coagulation factor XIII (FXIII) creating a 

positive feedback loop that enhances clot formation. In addition, thrombin also promotes 

platelet adhesion by inactivating a disintegrin and metalloprotease with thrombospondin 

type 1 motif (ADAMTS13). On the other hand, thrombin has also an anticoagulant activity 

to avoid thrombogenesis by activating the protein C anticoagulation pathway, which then 

inhibits FVa and FVIIIa [58]. Antithrombin, in turn, can inhibit all coagulation factors but 

primarily targets thrombin FXa and FIXa [59]. Other noteworthy proteins in the 

coagulation cascade are tissue factor pathway inhibitor 1 (TFPI1) and 2 (TFPI2), two 

homologous proteins encoded by different genes, which are recognized as innate 

inhibitors of the TF coagulation pathway [60-62]. In opposition to TFP1, TFPI2 is, 

however, reported to have a weak inhibition activity towards the TF-mediated pathway, 

being instead a strong inhibitor of plasmin, a protein responsible for fibrin degradation  

[60, 63, 64]. Hence, TFPI2 may present a dual role in haemostasis that might vary 

according to the context [64]. 

Subsequently to the action of the coagulation cascade, the fibrinolytic system is 

responsible for clot lysis (i.e., fibrinolysis), which prevents thrombosis and restores blood 

flow. Fibrinolysis is primarily regulated by proteases and their inhibitors, with plasmin 

acting as the central orchestrator in this system [65]. Specifically, plasmin is responsible 

for inactivating coagulation factors (FV, FVIII, FIX, and FX), breaking down the deposited 

fibrin into soluble fibrin degradation products and degrade base membranes or 

extracellular matrices to promote tissue remodelling and facilitate cell migration [63, 65]. 

As for the vECs, these cells play several roles in haemostasis maintenance and 

thrombus development. In fact, these cells can express and/or release a set of proteins 

that modulate the platelet activity, the coagulation cascade and fibrinolysis [52].  
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Figure 4. Blood coagulation pathways based on the waterfall model.  

The coagulation cascade encompasses a series of sequential proteolytic activation reactions that culminate in fibrin 

formation and can be divided into three major coagulation pathways: extrinsic (also called the tissue factor (TF) 

coagulation pathway) and intrinsic (contact coagulation pathway), which converge on a common coagulation pathway. 

Abbreviations: XII: coagulation factor XII; XIIa: activated coagulation factor XII; XI: coagulation factor XI; XIa: activated 

coagulation factor XI; TF: Tissue Factor; VII: coagulation factor VII; VIIa: activated coagulation factor VII; IX: coagulation 

factor IX; IXa: activated coagulation factor IX; X: coagulation factor X; Xa: activated coagulation factor X; VIIIa: activated 

coagulation factor VIII; Va: activated coagulation factor V; II: coagulation factor II or prothrombin; IIa: activated coagulation 

factor II or thrombin; I: coagulation factor I or fibrinogen; Ia: activated coagulation factor I or fibrin; XIII: coagulation factor 

XIII; XIIIa: activated coagulation factor XIII. The figure was created with BioRender.com.  

 

When one of the four main components of the haemostatic system is malfunctioning, the 

haemostatic balance can be disturbed leading to bleeding or thrombotic disorders [51]. 

Deep vein thrombosis (DVT) and pulmonary embolism (PE) are two thrombotic events 

that collectively are known as venous thromboembolism (VTE). The former occurs when 

a thrombus forms within a deep vein (usually leg veins) leading to abnormal swelling and 

ulceration [66-69]. As for PE, this is a frequent complication of DVT that occurs when the 

thrombus migrates to the lungs, representing the most fatal VTE manifestation. 

Worldwide, every year VTE affects nearly ten million people [10]. If not treated properly, 
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this cardiovascular disorder can be lethal, resulting in approximately 15% of related 

mortality within the first three months following diagnosis [67-69]. However, even with 

successful treatment, the disease is also associated with a spectrum of potential 

complications that lead to substantial morbidity, namely VTE recurrent events, post-

thrombotic syndrome, pulmonary hypertension, major bleeding under anticoagulation 

therapy and long-term disability [70, 71]. Currently, anticoagulation therapy is the 

standard therapeutic approach for VTE, which, however, has proven to not always be 

efficient in the removal of the existing thrombus. Thus, it is crucial to dissect the molecular 

pathways involved in VTE pathogenesis to identify novel biomarkers, improve risk 

stratification, disease prevention and treatment [66, 71, 72].  

Like other common diseases in the general population, VTE has a complex 

pathophysiology with both acquired and genetic risk determinants modulating the 

disease susceptibility. Advanced age, comorbidities, physical trauma, obesity, prolonged 

immobilization, previous VTE events and active cancer constitute the most common 

acquired risk factors [70, 73-75]. As for genetic factors, Factor V Leiden gene 

polymorphism (F5 rs6025), the prothrombin gene polymorphism 20210 (F2 rs1799963), 

mutations causing inherited deficiencies of antithrombin, protein C and protein S, as well 

as the antiphospholipid antibody syndrome, account for about 7% to 22% of the elderly 

population attributable risk [73, 74]. These factors can trigger what is known as Virchow's 

triad, which encompasses three conditions that prompt VTE development, namely blood 

hypercoagulability, stasis of blood flow within the vessels (i.e., venous stasis) and 

vascular endothelial damage [76]. 

As Virchow’s triad postulates, endothelial injury is a major risk factor for thrombogenesis 

[77]. As previously mentioned, vECs cells assume important roles in the maintenance of 

haemostasis and thrombus development [78]. In fact, several studies have confirmed the 

close relationship between vECs and the occurrence of DVT [79]. Under physiological 

conditions, these cells act as a barrier, preventing coagulation factors and platelets from 

activating and forming blood clots. Additionally, they secrete anticoagulant factors such 

as TFPI1, nitric oxide and prostacyclin. They also exert an anticoagulant activity by 

expressing molecules such as heparin-like molecules, as well as thrombomodulin and 

endothelial protein C receptor (EPCR), the latter two implicated in the protein C 

anticoagulant pathway. Besides the anticoagulant activity, vECs also favour fibrinolysis 

via tissue-type plasminogen activator (tPA) production, which by converting plasminogen 

to plasmin, dissolves fibrin clots [80]. Contrarily, under pathological conditions (for 

instance inflammation), vECs can express adhesion molecules such as P-selectin, which 

facilitates blood clot formation. Inclusively, under these conditions, these cells can 

become dysfunctional, which compromises their antithrombotic properties, increasing 



FCUP 
Long non-coding RNAs associated with venous thromboembolism: impact on the prognosis of 

ovarian cancer patients 

13 

 
 
VTE risk [81-84]. In addition to mature vECs, two cell populations are of relevance when 

it comes to dissecting the endothelium biology, namely the endothelial progenitor cells 

(EPCs) and human umbilical vein endothelial cells (HUVECs) (Figure 5). The former are 

multipotent cells derived from bone marrow that circulate in the peripheral blood and can 

differentiate into mature vECs when needed [72, 79]. Inclusively, studies have already 

shown that EPCs have the potential to prevent thrombus propagation and recurrence 

and to promote endothelial regeneration, revascularization, and vein wall remodelling 

[79, 85]. When there is a vascular injury, a series of mechanisms are triggered to repair 

the damage. One of these mechanisms is angiogenesis, during which new vessels are 

formed from pre-existing ones, allowing the restoration of normal vascular function and 

thrombus resolution [79, 86]. During this process, several angiogenic factors are 

released such as VEGFs, fibroblast growth factors (FGFs) and platelet-derived growth 

factors (PDGFs), which together promote angiogenesis and stimulate the proliferation 

and migration of vECs to the injury site to help in the repair process [84]. Additionally, 

vECs can bind to platelets and inhibit their role in thrombus formation [87, 88]. As for 

HUVECs, they are primary cells present in the vein of the umbilical cord, which are used 

as a model system for studying the biology of the endothelium and its response to 

environmental cues, angiogenesis, and the development of cardiovascular diseases [89, 

90]. 

 

  

Figure 5. Biology of vascular endothelial cells.  
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Vascular endothelial cells (vECs) encompass three populations of relevance: mature vECs, endothelial progenitor cells 

(EPCs) and human umbilical vein endothelial cells (HUVECs). While EPCs are multipotent cells derived from bone marrow 

that circulate in the peripheral blood and can differentiate into mature vECs when needed, HUVECs are primary cells 

present in the vein of the umbilical cord and are commonly used as an in vitro model system for studying the biology of 

the endothelium, in addition to other processes such as angiogenesis, coagulation and cardiovascular diseases. 

Abbreviations: EPC, endothelial progenitor cell; HUVEC, human umbilical vein endothelial cell. Figure retrieved from 

Marques et. al [53]. 

 

The most clinically used biomarker for VTE prediction and diagnosis is D-dimer (DD), 

which is a product resultant from fibrinolysis [91]. In addition to first VTE events, DD is 

also associated with the rate of recurrent events and mortality [92]. This thrombotic 

biomarker was first identified in the 1980s and has been used since in clinical practice, 

particularly given its long half-life [91, 93]. However, DD levels are significantly elevated 

in several other conditions, such as inflammation, stroke, long hospitalization periods 

and individuals’ advanced age, being unspecific of VTE presence [91, 93, 94]. To 

improve the specificity in detection, DD testing is combined with other diagnostic 

methods including duplex ultrasonography for DVT and/or computed tomography for PE 

diagnosis [95, 96]. Other suggested VTE biomarkers incorporate markers for 

thrombophilia, for instance, soluble P-selectin and C-reactive protein, which are still 

under evaluation and can also lack specificity and/or sensitivity [97, 98]. Thus, novel and 

trustworthy biomarkers are required to reduce the time of diagnosis, and consequently 

improve the morbidity and mortality rates associated with VTE. 

 

3. Cancer associated-thrombosis 

Cancer-associated thrombosis (CAT) can refer to both arterial and venous 

thromboembolic events among cancer patients. However, there’s still scarce evidence 

concerning arterial events contrary to the greatly heightened VTE risk in this group [99]. 

Therefore, cancer-associated VTE is the focus of the present work.  

Cancer-related VTE was first described by Trousseau in 1865 in his chapter titled 

Phlegmasia alba dolens [100]. Unfortunately, he himself ended up suffering from gastric 

cancer and was conscious about the lethal outcome of his illness. Now, 156 years after 

his death, cancer-related VTE, also known as Trousseau syndrome, is a more well-

known phenomenon, although not yet completely understood [101]. Cancer patients are 

four to seven times more prone to develop VTE compared to those without malignancy. 

In fact, cancer is an independent predictor of venous thrombogenesis, with 

approximately 15% of the patients presenting at least one VTE episode during their 

therapeutic intervention [102, 103]. Moreover, cancer-related VTE (including mainly VTE 



FCUP 
Long non-coding RNAs associated with venous thromboembolism: impact on the prognosis of 

ovarian cancer patients 

15 

 
 
events occurring six months before to two years after cancer diagnosis) accounts for 

20% of the overall VTE incidence [104, 105]. Inversely, cancer risk is elevated at least 2 

years after a first idiopathic episode of VTE [103, 105, 106]. Beyond being common, CAT 

is the second most common cause of death among these patients, the first being the 

cancer itself [107]. Given the implications for the prognosis of oncological patients, this 

condition has been widely studied over the years. 

Interestingly, even in the absence of thrombosis, most cancer patients display 

haemostatic changes that can be detected with laboratory coagulation tests [108]. 

Namely, prothrombin time (PT) and activated partial thromboplastin time (aPTT) are 

coagulation tests used to evaluate the functions of most of the coagulation factors 

involved in the coagulation cascade [109, 110]. In turn, the international normalized ratio 

(INR) is a mathematical derivation done to the PT result when monitoring anticoagulant 

therapy, ensuring that the results are standardized when considering thromboplastin and 

the instrument used [111]. While PT and INR quantify the activity of the extrinsic route, 

aPTT, on the other hand, evaluates the intrinsic coagulation pathway [112]. These tests 

thus reflect the coagulation and haemostatic status and might suggest the presence of 

abnormalities in these processes [112, 113]. However, their interpretation is highly 

context-dependent. Oncological patients often exhibit abnormal results in these tests, 

indicating the presence of a subclinical hypercoagulability status, which reinforces that 

coagulation is closely intertwined with cancer [108]. 

The pathogenesis of CAT can be explained by factors related to the patient (mentioned 

in section 2. venous thromboembolism), the treatments and the cancer itself, with the 

latter two carrying a more preponderant role (Figure 6) [75, 114]. Concerning the 

treatment, antineoplastic therapies are known to significantly increase the risk of VTE 

among cancer patients, even though the underlying mechanisms are not yet completely 

understood [115]. However, induction of TF procoagulant activity, reduction of 

endogenous anticoagulants, vascular endothelial damage and activation of platelets are 

some of the reported mechanisms [116]. In the context of OC treatment, the currently 

used protocols, namely the cytotoxic platinum-based chemotherapy, pelvic surgery and 

the use of antiangiogenic-agents such as Bevacizumab, elevate the incidence of VTE. 

Among OC patients, the incidence of VTE after surgery or during postoperative 

chemotherapy revolves around 13 – 27% and about 75% of thrombotic events occur 

within the first week of the postoperative period. Moreover, the conditions often present 

after surgery, such as long periods of rest, postoperative complications or prolonged stay 

in the hospital, also aid in the risk of VTE in these patients [117]. Plus, asymptomatic 

VTE events are frequently detected before treatment, and so, they might progress and 

manifest after surgery [118].  
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Figure 6. Risk determinants associated with cancer-related venous thromboembolism. 

The risk factors related to the pathogenesis of cancer-related venous thromboembolism can be grouped into patient- (as 

advanced age), treatment- (as chemotherapy) and cancer-related factors (as primary tumour site), with the latter two 

carrying a more preponderant role in this population subgroup. The figure was created with BioRender.com.  

 

Regarding the cancer-related factors, the primary tumour site, histology, size and stage, 

as well as the time since cancer diagnosis constitute important clinical factors in the 

setting of VTE among oncological patients [75]. The impact of these factors relies on the 

bidirectional well-known phenomenon between the tumour and the host coagulation 

system, whereas the tumour activates the haemostatic system, which in turn supports 

cancer progression (Figure 7) [119]. Specifically, tumour cells are recognized for 

promoting thrombogenesis via direct or indirect mechanisms, with the latter involving the 

activation of platelets, vECs and immune cells [75]. Focusing on the direct mechanisms, 

TF plays a crucial role in VTE occurrence. Several tumours are known to overexpress 

TF, which as mentioned before, triggers the extrinsic coagulation pathway, generating 

FXa. Parallelly, these cells can also produce cancer procoagulant (CP) that also 

activates FX, leading to the amplification of the coagulation cascade. Plasminogen 

activator inhibitor-1 (PAI-1) is also secreted by tumour cells during this process and is 

responsible for inhibiting the fibrinolytic process contributing to thrombogenesis [105, 

120]. Regarding the indirect mechanisms, tumour cells can release promotors of platelet 

activation (e.g., podoplanin (PDPN), adenosine diphosphate (ADP) and thrombin), 

proangiogenic factors (e.g., VEGF and PDGF), adhesive or aggregating factors (e.g., 

phosphatidyl serine (PS)) and proinflammatory cytokines (e.g. tumour necrosis factor 
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alpha (TNF-α), interleukin (IL)-1β (IL-1β), IL-6 and IL-8) [75, 121, 122]. Like platelets and 

vECs, immune cells under the influence of tumour cells are also key players in 

thrombogenesis, specifically in a process called immunothrombosis [123]. 

Proinflammatory cytokines and adhesion molecules released by the cancer are 

responsible for the recruitment and activation of leucocytes, such as monocytes and 

neutrophils [108]. When activated, monocytes are conditioned to express TF at their 

surface and release TF-positive microparticles, which contribute to the generation of a 

prothrombotic cascade. Likewise, neutrophil extracellular traps (NETs) can serve as a 

structure able to capture and activate platelets, leading also to TFPI1 inactivation, fibrin 

buildup and capturing of red blood cells, all inducing and worsening the formation of 

blood clots [121, 122, 124]. In addition to the above-mentioned risk factors, some 

cancers can even increase the number of platelets and leucocytes, which also increases 

the risk of VTE [114]. Thrombocytosis, defined as a high platelet count, occurs frequently 

among oncological patients, namely with ovarian, breast, lung and gastrointestinal 

tumours. The condition alongside elevated levels of IL-6 is considered an independent 

predictive factor of VTE among those with ovarian CCC [115]. In mice with ovarian 

tumours, tumour-derived IL-6 was shown to induce the expression of hepatic 

thrombopoietin, which stimulates the production of megakaryocytes and thrombocytosis 

[125]. Additionally, approximately one-third of the patients newly diagnosed with OC 

present thrombocytosis, which is associated with reduced survival [125]. Conversely, the 

components responsible for normal blood clotting that are exploited by tumour cells can 

also drive the tumour’s advancement, for example by favouring tumour growth, 

neoangiogenesis, immune evasion and metastasis [75]. As a consequence of these 

complex interactions, the tumour behaviour becomes more aggressive and individuals 

with active cancer become more prone to develop thrombotic events, worsening their 

overall prognosis [126, 127].  
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Figure 7. Crosstalk between tumour cells and platelets, leukocytes, and endothelial cells.  

There is a well-known bidirectional phenomenon between the tumour and the host coagulation system, where the tumour 

affects the haemostatic system, while the coagulation system promotes tumour growth. Tumour cells are recognized for 

initiating a cascade that promotes blood clot formation. In this process, the activation of platelets, vascular endothelial 

cells and immune cells (such as monocytes and neutrophils) occurs. Conversely, these components are also responsible 

for secreting several factors (such as inflammatory cytokines and chemokines), known to enhance tumour cells. 

Consequently, the tumour behaviour becomes more aggressive and individuals with active cancer become more prone 

to develop thrombotic events, worsening their overall prognosis. Abbreviations: NET: neutrophil extracellular trap; TF-

positive MP: tissue factor positive microparticle. The figure was created with BioRender.com.  

 

Pancreas, lung and stomach cancers are commonly associated with an elevated risk of 

VTE, while prostate, breast and skin cancers are generally associated with a relatively 

low risk [115, 121]. Among gynaecological malignancies, which are linked to high rates 

of VTE, endometrial cancer presents a VTE risk of approximately 6%, while cervical 

cancer is associated with a risk ranging from 0 to 34% [128, 129]. Inclusively, in a 

previous study conducted by our research group, a VTE incidence of 8.5% was reported 

among 400 cervical cancer patients [130]. As for OC, despite the inconsistent data, the 

disease is considered to have an intermediate-to-high associated risk, with an incidence 

ranging from 5% to over 20% depending on the time of follow-up, cancer subtype and 

stage and treatments [131-138]. Interestingly, OC patients present mostly silent or 

asymptomatic thromboembolic events, meaning without clinical manifestation [118]. The 

subtype of EOC, as well as the stage and histological grade, influences VTE-risk heavily 

[117]. Among the different subtypes, CCC is the one associated with the highest risk of 

VTE development [139]. The same can be said for advanced stages and high histological 
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grades of ovarian malignancies. In advanced stages, massive ascites might occur, and 

their presence is considered an independent risk factor for VTE due to the accumulation 

of fluids that, by compressing pelvic veins, can impair blood flow [118, 140, 141].  

Identifying cancer patients who are at a higher risk of developing VTE is crucial to better 

tailor prevention (thromboprophylaxis) strategies. Although other risk assessment 

models (RAMs) have been proposed throughout the years, the Khorana score (KS) 

remains the most studied one to assess cancer-related VTE susceptibility. This score 

was first introduced in 2008 and it is currently used in the clinical practice to select cancer 

patients suitable for thromboprophylaxis. This assessment comprises five predictive 

factors: the site of the primary tumour and the prechemotherapy haemoglobin level, 

platelet and leucocyte counts and body mass index (BMI) (Figure 8) [116, 142]. Based 

on the original cut-off score, VTE risk can be divided into 3 categories: low (score 0), 

intermediate (score 1-2) and high (score ≥ 3). In a median follow-up period of 2.5 months, 

the rates of symptomatic VTE in the categories of low, intermediate, and high risk are 

0.3%, 2%, and 6.7% respectively [142]. More recently, the optimal cut-off score was 

defined as ≥ 2 (0 as low, 1 as intermediate and 2 or higher as high risk) [115]. This RAM 

is extremely useful since not every patient presents the same risk for VTE and, as such, 

not all of them should receive anticoagulation treatment due to the high risk of major 

bleeding [105]. However, KS as well as other proposed RAMs have demonstrated limited 

sensitivity [75, 143-145]. Consequently, novel risk stratification methods are imperative 

to avoid the deterioration in prognosis for these individuals.  

 

Figure 8. Khorana risk score.  

Khorana risk stratification score is used in the clinical practice to select cancer patients suitable for thromboprophylaxis 

(i.e., preventive measures taken to reduce the risk of blood clot formation) and comprises five predictive factors. In initial 

studies, the original cut-off score was low risk, 0; intermediate risk, 1-2; high risk, ≥ 3. In recent studies, the score of ≥ 2 

has been used as the preferred cut-off score, where: low risk, 0; intermediate risk, 1; high risk, ≥ 2  [115, 142]. The figure 

was created with BioRender.com. 
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Thromboprophylaxis should be considered in outpatient, hospitalized, and postoperative 

scenarios. Also, even though primary prophylaxis in ambulatory CAT is controversial, in 

surgical cancer patients, mainly those submitted to major abdominal procedures, 

prophylactic anticoagulation is recommended for at least 30 days [105]. As cancer-

related VTE treatment, the safety and efficacy of anticoagulation differs compared to the 

disease management among non-cancer patients. The primary issues include major 

bleeding and VTE recurrence, which correlates to cancer extension [105].  The currently 

recommended anticoagulants for CAT treatment are low-molecular-weight heparins 

(LMWH) and direct oral anticoagulants (DOAC). The former binds to antithrombin III, 

while DOACs act by inhibiting either thrombin or FXa, depending on the drug used [146]. 

Several variables must be taken into account when deciding on which one of them should 

be given to the patient, namely the primary tumour site, the risk for haemorrhaging, the 

performance status, eventual drug-drug interactions, the presence of comorbidities and 

the patient’s choice [75].  

Summarizing, cancer-related VTE is an important health burden, which drastically affects 

the patient’s prognosis. Identifying predictive biomarkers is crucial to design prevention 

strategies. In addition, these biomarkers could be valuable tools to assess prognosis 

among cancer patients. Conversely, over the past few years, emerging evidence has 

been suggesting a role of long non-coding RNAs (lncRNAs) in thrombosis [53].  

 

4. Long non-coding RNAs 

LncRNAs are non-coding RNAs (ncRNAs) longer than 200 nucleotides with the 

particularity of forming secondary structures, which enables them to bind to other 

biomolecules such as DNA, RNA and even proteins, thus affecting gene expression at 

different levels [147-150]. Another feature of these ncRNAs is the fact that they can 

function in the nucleus, where they are transcribed, but also at the cytoplasm, with most 

of them operating in both. In fact, lncRNAs can move between the two compartments in 

response to signals, even though the underlying mechanisms are unclear [151]. Similarly 

to messenger RNAs (mRNAs), lncRNAs are also transcribed by RNA Polymerase II and 

are often capped and polyadenylated, presenting also evolutionarily conserved patterns 

and a high level of tissue specificity [150].  

According to the NONCODE database (version 6.0) (http://www.noncode.org), there are 

96,411 human lncRNA genes [152]. Based on their genomic position, orientation, and 

relative location to nearby protein-coding genes, these ncRNAs can be classified as 

intergenic, antisense, sense, intronic, and bi-directional (Figure 9) [151]. Specifically, 



FCUP 
Long non-coding RNAs associated with venous thromboembolism: impact on the prognosis of 

ovarian cancer patients 

21 

 
 
intergenic lncRNAs (lincRNAs), as the name indicates, don’t overlap with any other 

genes [153]. As for those that do overlap, they can be sense or antisense depending on 

whether they possess sequence elements that will pair with other RNAs in the same or 

the opposite direction, respectively [154, 155]. Intronic lncRNAs are located within the 

introns of other genes, while bi-directional lncRNAs correspond to those that are 

transcribed from the same region in the genome as another gene but in the opposite 

direction [151]. In addition to linear lncRNAs, another class is circular lncRNAs, which 

are formed by back-splicing of coding and non-coding transcripts [156].  

Figure 9. Genomic localization of long non-coding RNAs (lncRNAs).  

LncRNAs can be categorized as intergenic, sense, antisense, intronic and bi-directional, based on their genomic position, 

orientation and proximity to neighbouring protein-coding genes. Figure retrieved from Marques et. al [53]. 

 

Despite the inconsistency in classification, the roles of lncRNAs in gene expression 

regulation can be divided into four main non-exclusive archetypes: signalling, decoy, 

guide, and scaffold functions (Figure 10) [148]. As signalling molecules, lncRNAs can 

operate as spatiotemporal markers, reflecting the biological effects of transcription 

factors or signalling pathways. As decoys, lncRNAs can sequester transcription factors 

and other proteins into nuclear subdomains or away from chromatin. Decoy lncRNAs 

can also operate as competitive endogenous RNAs (ceRNAs), functioning as microRNA 

(miR or miRNA) sponges, consequently influencing the expression of miRNAs’ targets 
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(i.e., mRNAs). On the other hand, guide lncRNAs can recruit RNA-binding proteins to 

target genes, while scaffolds may bring together several proteins to build complexes with 

specific biological roles, influencing transcription. Of note, lncRNAs localized in the 

nucleus can modify chromatin, and activate or repress transcription of target genes by 

interacting with DNA sequences or transcription factors, while cytoplasmic lncRNAs are 

mostly associated with mRNA stability and translation, promoting or repressing protein 

synthesis [150, 157, 158]. The versatility in these functions (chromatin regulation, 

transcriptional activation and repression, and RNA and protein modifications) makes 

lncRNAs important players in normal physiology and in the development of a variety of 

diseases, such as cancer, cardiovascular and neurodegenerative diseases, in which 

their dysregulated levels have been consistently observed [67, 72, 150, 157, 159-166]. 

Despite their lower abundance, lncRNAs possess specific traits that make them 

promising biomarkers for these conditions with clinical applicability, namely convenient 

accessibility, potential detection in bodily fluids (such as whole blood, serum, plasma and 

urine), frequent encapsulation (e.g., within extracellular vesicles, proteins and apoptotic 

bodies, which protect them from RNAse cleavage), and cell and/or tissue and disease-

specificity [167, 168]. However, the study of these ncRNAs is still in its early stages [169].   

 

 

Figure 10. Four archetypes of long non-coding RNA (lncRNA) functions.  

Overall, the functions of lncRNAs in regulating gene expression can be broadly categorized into four main non-exclusive 

archetypes: signalling, decoy, guide and scaffold functions. Figure retrieved from Marques et. al [53]. 
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The first report of a putative implication of lncRNAs in cardiovascular diseases came 

from genome-wide association studies (GWAS). These studies independently identified 

single-nucleotide polymorphisms (SNPs) located in a locus close to the protein-coding 

genes cyclin dependent kinase inhibitor 2A (CDKN2A) and cyclin dependent kinase 

inhibitor 2B (CDKN2B) as related to susceptibility to coronary artery disease [170, 171]. 

This locus (9p21) is adjacent to the lncRNA named antisense non-coding RNA in the 

INK4 locus (ANRIL), indicating a potential role of this lncRNA in coronary artery disease, 

which was later corroborated by subsequent studies [172]. In the context of VTE, 

reported lncRNAs include antisense non-coding RNA in the INK4 locus (ANRIL), GUSB 

pseudogene 5 antisense (GUSBP5-AS), maternally expressed gene 9 (MEG9), 

metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), sirtuin1 antisense 

lncRNA (Sirt1-AS), long intergenic non-protein coding RNA 1123 (LINC01123), long 

intergenic non-coding RNA 00659 (LINC00659), colorectal neoplasia differentially 

expressed (CRNDE), taurine upregulated gene 1 (TUG1), maternally expressed 8 

(MEG8), nuclear enriched abundant transcript 1 (NEAT1; more recently designed as 

nuclear paraspeckle assembly transcript 1) and X inactive-specific transcript (XIST). 

These RNAs impact VTE through several mechanisms, namely the direct promotion of 

clot formation, regulation of platelet and vECs activity and modulation of thrombus 

resolution (Figure 11) [53, 173]. 

Additionally, given the central role of the coagulation system, lncRNAs targeting this 

system may have a role in VTE pathogenesis. Conversely, in recent years, several 

TFPI2-targeting lncRNAs have been pinpointed in the context of other disorders, 

including glioblastoma, preeclampsia, non-small-cell lung cancer and ischemic heart 

disease [53]. The list of lncRNAs encompasses maternally expressed 8 (MEG8), TFPI2 

antisense RNA 1 (TFPI2AS1), AC003092.1, AGAP2 antisense RNA 1 (AGAP2-AS1) and 

long intergenic non-protein coding RNA 473 (LINC00473). In the context of VTE, they 

may achieve this interaction either by upregulating TFPI2 expression (as seen in 

TFPI2AS1 and AC003092.1) or by repressing it (as observed in MEG8, AGAP2-AS1 and 

LINC00473). 
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Figure 11. Established and potential roles of long non-coding RNAs (lncRNAs) in venous thromboembolism (VTE).  

Several lncRNAs target the coagulation system, and in most cases, their expression is deregulated in VTE. In orange are 

the lncRNAs whose relationship with VTE has not yet been established; however, these can impact VTE through their 

interaction with TFPI2 and, consequently, with TF, a strong blood coagulation initiator, or plasmin, a fibrin-dissolving 

enzyme. Abbreviations: MEG8, maternally expressed 8; TFPI2AS1, TFPI2 antisense RNA 1; AC003092.1, long non-

coding RNA AC003092.1; AGAP2-AS1, AGAP2 antisense RNA 1; LINC00473, long intergenic non-protein coding RNA 

473; ANRIL, antisense non-coding RNA in the INK4 locus (ANRIL); GUSBP5-AS, GUSB pseudogene 5 antisense; MEG9, 

maternally expressed gene 9; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; SIRT1-AS, sirtuin1 

antisense lncRNA; LINC01123, long intergenic non-protein coding RNA 1123; LINC00659, long intergenic non-coding 

RNA 00659; CRNDE, colorectal neoplasia differentially expressed; TUG1, taurine upregulated gene 1; NEAT1, nuclear 

enriched abundant transcript 1 (recently renamed to nuclear paraspeckle assembly transcript 1); XIST, X inactive-specific 

transcript. LncRNA expression: ↓ downregulated and ↑ upregulated (for MEG9, there are no data on the expression 

levels). The figure was created with BioRender.com.  

 

Given the influence the haemostatic system has on tumour growth and progression, the 

high incidence of VTE among OC patients and the negative impact the disease imposes 

on the prognosis of these patients, VTE-associated lncRNAs may not only influence the 

pathogenesis of OC-related VTE but might also have a prognostic value in these 

patients, particularly in an era where liquid biopsies are gaining visibility. Thus, these 

lncRNAs potentially represent attractive novel biomarkers of OC, which are currently 

needed to improve the patient’s clinical outcome.
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II. Aims 

2.1. Main aim 

Given the clinical implications, the main objective of the present study was to investigate 

the impact of lncRNAs underlying VTE pathophysiology on the incidence of OC-related 

VTE and their prognostic value among patients with EOC regardless of thrombogenesis. 

 

2.2 Specific aims 

To accomplish the main aim, the study was designed to target the following tasks: 

[A] Perform a literature review regarding lncRNAs associated with VTE; 

[B] Select the most relevant lncRNAs to be evaluated in the present study; 

[C] Dissect the implications of VTE in OC patients’ prognosis; 

[D] Assess the association of the selected lncRNAs with the patients’ demographical 

and clinicopathological features, baseline full blood count and coagulation tests; 

[E] Explore the impact of chemotherapy on the expression levels of these lncRNAs; 

[F] Investigate the role of the evaluated lncRNAs as predictors of OC-related VTE; 

[G] Analyse the prognostic value of these lncRNAs regardless of VTE status.
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III. Methodology 

1. Population description 

A retrospective cohort study was performed with adult European-descent patients from 

the North region of Portugal with a confirmed diagnosis of EOC, admitted from March 

2017 to April 2022 to the Clinic of Gynaecology of the Portuguese Institute of Oncology 

of Porto (IPOP) for first-line treatment. In the study, patients were excluded if they: 1) 

had other malignant diseases prior to or after OC diagnosis, 2) were pregnant or 

breastfeeding; 3) had autoimmune diseases and/or were immunosuppressed; 4) had an 

acute infection at cancer diagnosis; 5) were under anticoagulation due to other diseases 

rather than VTE and 6) had factor V Leiden and prothrombin G20210A polymorphisms. 

Applying these criteria, a total of 40 OC patients were enrolled, for whom biological 

material before the first line of platinum-based chemotherapy was accessible in the 

biobank of Molecular Oncology and Viral Pathology (GOMPV) research group at IPOP. 

Most patients had serous carcinoma (33 (82.5%)), followed by clear cell (3 (7.5%), 

unusual subtypes (2 (5%)), endometrioid (1 (2.5%)) and mixed EOC (1 (2.5%)). 

Disease staging was conducted according to the FIGO staging system updated in 2021 

[174]. Considering the existing evidence, cancer-associated VTE was defined as an 

event occurring six months before to two years after cancer diagnosis [104]. Patients 

were classified as having VTE based on their medical files. No active screening was 

conducted since this measure is not yet incorporated into the IPOP clinical routine 

procedures.  

Data concerning the patients’ demographical and clinicopathological features, baseline 

full blood count and baseline coagulation tests were obtained from their medical data 

files. The median time of follow-up was 24.5 months (minimum = 9.0 months; maximum 

= 76.0 months). A description of the study cohort characteristics is given in Table 1. 

Prior to their enrolment, each patient has signed a written informed consent based on 

the principles of the Helsinki Declaration. This study has also received approval from the 

ethics committee at the research centre of IPOP (CI-IPOP) (CES. 69/021).  
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Table 1. Demographic and clinicopathological characterization of OC patients (n = 40) 

 

* Presented as mean ± standard deviation. † Defined following the FIGO Cancer Report 2021 [175]. ‡ A platinum-sensitive 

patient was considered as having cancer progression after at least six months after the last dose of platinum-based 

chemotherapy. ** Included patients who had venous thromboembolism prior to ovarian cancer diagnosis (cancer-related 

venous thromboembolism). Abbreviations: BRCA, Breast Cancer Gene; ECOG; Eastern Cooperative Oncology Group; 

FIGO, International Federation of Gynecology and Obstetrics; PARP, Poly (ADP-ribose) polymerase. 

 

Variable n (%) 

Age (years)* 63.1 ± 12.5 

< 63 years 19 (47.5) 

≥ 63 years 21 (52.5) 

ECOG at cancer diagnosis   

≤1 36 (90.0) 

>1 4 (10.0) 

Hormonal status    

Premenopausal 10 (25.0) 

Postmenopausal 30 (75.0) 

Alcoholism 1 (2.5) 

Tobacco consumption 6 (15.0) 

Inherited mutations linked to ovarian cancer   

BRCA 4 (10.0) 

Other 1 (2.5) 

None 35 (87.5) 

Histological grade†    

Low 1 (2.5) 

High 38 (95.0) 

Unknown 1 (2.5) 

FIGO stage†   

I/II 10 (25.0) 

III/IV 30 (75.0) 

First-line treatment   

Surgery plus adjuvant chemotherapy 21 (52.5) 

Neoadjuvant chemotherapy plus surgery 1 (2.5) 

Neoadjuvant plus surgery plus adjuvant 

chemotherapy 
9 (22.5) 

Chemotherapy only 9 (22.5) 

Platinum sensitivity‡  29 (72.5) 

Maintenance therapy   

PARP inhibitors 13 (32.5) 

Bevacizumab 4 (10.0) 

Anticoagulation at cancer diagnosis** 2 (5.0) 

Platelet antiaggregation at cancer diagnosis 7 (17.5) 
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2. Sample collection and processing 

From each patient, peripheral blood samples were collected in ethylenediamine 

tetraacetic acid (EDTA)-coated tubes using a standard venipuncture technique. Samples 

were gathered before and, whenever possible, after the first line of chemotherapy. 

Peripheral blood nucleated cells (PBNCs) were isolated by performing ammonium-

chloride-potassium (ACK) and phosphate-buffered saline (PBS) washes and subsequent 

rounds of centrifugation for 10 min at 2500 rpm at room temperature to separate and 

discard the supernatant. The obtained pellet of PBNCs (without erythrocytes) was further 

diluted and conserved in TriPure® Isolation Reagent (Roche Applied Science, 

Germany). Plasma fraction was also isolated from the peripheral blood samples through 

centrifugation for 5 min at 3000 rpm at room temperature. Both cellular fraction and 

plasma samples were stored at -80ºC until further use. 

3. LncRNA selection 

After an exhaustive review of the existing literature on lncRNAs associated with 

thrombogenesis, lncRNAs were selected if they: (1) had an involvement in VTE; (2) had 

a regulatory role and/or an association with haemostatic key players; (3) were presented 

in blood circulation and/or expressed by PBNCs, particularly leukocytes and platelets; 

and (4) had available TaqMan assays for gene expression analysis. Additionally, those 

with known prognostic value in cancer were prioritized. Applying these criteria, the 

investigation was centred around the subsequent lncRNAs: MALAT1, TUG1, NEAT1, 

XIST and MEG8. 

4. Total RNA extraction 

Total RNA was extracted from the peripheral blood cellular fraction and plasma samples. 

For the former, the GRS RNA kit - Blood & cultured cells (#GK08.0100) from Grisp 

Research Resolutions® was used following the manufacturer’s instructions with an 

adjustment. Namely, the duration of the DNAse treatment (DNase I set (#GKC01.0100) 

from Grisp Research Resolutions®) was extended to remove any trace amounts of DNA 

that could cause interferences in downstream applications.  

For total RNA isolation from plasma, first, the samples were centrifugated for 4 minat 

2000 rpm at room temperature to prepare platelet-poor plasma. Total RNA was further 

extracted from the platelet-poor plasma samples using two commercial kits following the 

manufacturer’s instructions: Norgen Plasma/Serum RNA/DNA Purification Mini Kit 

(Norgen Biotech Corp, Canada; CAT 55000) and MagMaxTM mirVanaTM Total RNA 
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Isolation Kit (ThermoFisher Scientific, Waltham, USA; CAT A27828). In all extractions, 

β-mercaptoethanol was added to the Lysis Buffer to ensure a high-quality RNA isolation. 

Also, a DNAse treatment was incorporated.  

RNA concentration and purity were analysed using the NanoDrop Lite 

spectrophotometer (Thermo Scientific®). Following extraction, RNA samples were 

stored at -80ºC. MagMaxTM mirVanaTM Total RNA isolation Kit demonstrated a superior 

performance (high yield of RNA) compared to the Norgen Plasma/Serum RNA/DNA 

Purification Mini Kit. Thus, RNA samples extracted from platelet-poor plasma using the 

former were employed in further analysis.  

5. cDNA synthesis 

RNA samples extracted from the blood cellular fraction (150 ng) and plasma (160 ng) 

were used as templates to generate complementary DNA (cDNA) using the High-

Capacity cDNA Reverse Transcription Kit (Applied Biosystems®) and following the 

manufacturer’s instructions. The conversion was conducted in a MycyclerTM Thermal 

cycler (Bio-Rad, Hercules, CA, USA) with the recommended cycle conditions: 10 min at 

25°C, 120 min at 37°C and 5 min at 85°C. Negative controls (lacking RNA) were 

incorporated in all reactions as a measure of quality control. 

6. Relative quantification of lncRNAs 

The expression levels of the lncRNAs were analysed through quantitative real-time 

polymerase chain reaction (qRT-PCR) using a StepOnePlusTM qPCR system. Data 

analysis was carried out employing the StepOne software (version 2.3 Applied 

Biosystems). For quantification of the lncRNAs extracted from the cellular fraction, each 

PCR reaction was performed using 5 µL of 2× TaqMan® Gene Expression Master mix 

(Applied Biosystems®), 3.5 µL of nuclease-free water, 0.5 µL of 20× TaqMan® Gene 

Expression Assays for MALAT1 (Hs00273907_s1), TUG1 (Hs00215501_m1), XIST 

(Hs01079824_m1), NEAT1 (Hs01008264_s1), MEG8 (Hs00419701_m1), GAPDH 

(Hs99999905_m1) and HPRT1 (Hs02800695_m1) and 1.0 µL of cDNA sample, making 

a total volume of 10 µL. For determination of the lncRNAs expression levels in plasma, 

adjustments were made, namely by using 5 µL of 2× TaqMan® Gene Expression Master 

mix (Applied Biosystems®), 2.5 µL of nuclease-free water, 0.5 µL of the 20× 

TaqMan® Gene Expression Assays and 2 µL of cDNA sample. For all reactions, the 

thermal cycling conditions were the following: 2 min at 50°C, 10 min at 95ºC, 45 cycles 

of 15 s at 95°C and 60 s at 60°C. The quantification was conducted in triplicate and 

negative controls (without cDNA) were included in all reactions for quality control. All 
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targets and endogenous controls for each sample were amplified in the same plate. 

Standard deviation (SD) of cycle threshold (Ct) values superior to 0.5 were dismissed. 

The same baseline and threshold were set for each plate using the analysis software for 

qRT-PCR from the Thermo Fisher Connect platform (Thermo Fisher Scientific, Waltham, 

MA, USA) to generate Ct values for all the targets in each sample. GAPDH and HPRT1 

were tested as endogenous controls to select the most adequate one for data 

normalization.  

7. Statistical analysis 

Data analysis was conducted using the computer software IBM SPSS Statistics for 

Windows version 29 (IBM Corp., 2020) and GraphPad Prism software version 10.0 

(GraphPad Software Inc., La Jolla, CA, USA). 

The lncRNAs’ normalized relative expression was determined using the Livak method 

(2-∆∆Ct method). Among the tested endogenous controls, HPRT1 was the one with the 

lowest SD values (i.e., with a more stable expression) and thus it was used to normalize 

the lncRNAs’ expression levels. The interquartile range (IQR) method was applied to 

identify outliers in the normalized relative expression levels of the lncRNAs, which were 

dismissed for subsequent analyses. To be noted, as not enough samples derived from 

plasma fraction had lncRNA amplification for statistical analyses (predominantly for 

NEAT1, XIST and MEG8), the gene expression data were dismissed. Further analysis 

was thus focused on the lncRNA expression in PBNCs. 

For each lncRNA, four profiles of expression were defined: profile A (low versus (vs.) 

high expression based on the median value of the normalized relative expression levels), 

profile B (low vs. intermediate vs. high expression dictated by terciles), profile C (low vs. 

high expression with the first and second tercile regarded as low expression and the third 

tercile as high expression) and profile D (low vs. high expression, with the former 

encompassing the first tercile and the latter the second and third terciles). All the profiles 

were evaluated in each analysis employing the lncRNA normalized relative expression 

levels as categorical variable. 

The associations of VTE incidence and the prechemotherapy levels of the lncRNAs with 

patient’s demographic and clinicopathological factors, baseline full blood count and 

coagulation tests were assessed using the Chi-Square test (Χ²) and dismissing those 

with VTE before cancer diagnosis. The list of patient’s demographic and 

clinicopathological factors included: patients' age at OC diagnosis (<63 vs. ≥63 years), 

body mass index (BMI) at diagnosis (<26.0 vs. ≥26.0 kg/m2), Eastern Cooperative 

Oncology Group (ECOG) performance status at diagnosis (≤1 vs. >1), hormonal status 
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(pre- vs.- postmenopausal), alcohol use (no vs. yes), tobacco consumption (no vs. yes), 

inherited mutations associated with OC (no vs. yes), FIGO stage (I/II vs. III/IV), platinum 

sensitivity (sensitive vs. resistant), use of PARP inhibitors (no vs. yes), Bevacizumab use 

(no vs. yes), serum CA-125 levels (<1195 vs. ≥1195 U/mL), anticoagulation therapy at 

cancer diagnosis (no vs. yes), platelet antiaggregation at cancer diagnosis (no vs. yes) 

and Khorana score (KS) (<2 vs. ≥2 and <3 vs. ≥3). Data from the baseline full blood 

count comprised haemoglobin levels (<12.5 vs. ≥12.5 U/mL), platelet (<288.0 vs. ≥288.0 

×109/L), leukocytes (<8.2 vs. ≥28.2×109/L), neutrophils (<5.1 vs. ≥5.1×109/L), monocytes 

(<0.6 vs. ≥0.6×109/L) and lymphocytes counts (<1.6 vs. ≥1.6×109/L). The coagulation 

tests encompassed PT (<14.3 vs. ≥14.3 s), aPTT (<26.9 vs. ≥26.9 s) and INR (<1.1 vs. 

≥1.1). For patients' age, categories of the variable were defined based on the mean value 

given its normal distribution. As for BMI, serum CA-125 levels, baseline full blood count 

and coagulation tests, the categories were defined based on the median value. 

The impact of chemotherapy on the expression levels of the lncRNAs was evaluated 

using the Wilcoxon matched-pairs signed rank test or paired t-test, depending on the 

data distribution according to the Shapiro-Wilk test. In this analysis, only patients with 

samples prior to and after the first line of chemotherapy were considered.  

Depending on the data distribution, the Student's t-test or Mann–Whitney U test was 

employed to evaluate the statistical differences in the prechemotherapy expression 

levels of the lncRNAs according to OC-related VTE occurrence (without VTE vs. VTE 

before cancer diagnosis vs. VTE after cancer diagnosis). Alive patients were 

characterized as not having VTE events only if their follow-up time was at least 2 years. 

Thus, those with insufficient follow-up time were dismissed in analyses concerning VTE 

incidence. For confirmation purpose, the Chi-Square test (Χ²) was also employed to 

assess the association between VTE occurrence and the lncRNAs’ expression.  

To evaluate the impact of VTE and the lncRNAs on patients’ prognosis, measures of the 

clinical outcome included progression-free survival (PFS) and overall survival (OS). The 

former represents the interval between treatment initiation and either the date of first 

disease progression or recurrence, related mortality, or the patient’s last clinical 

evaluation. The latter was defined as the time from patient diagnosis until patient death 

due to all causes or last evaluation. The endpoint definition was made according to 

Response Evaluation Criteria in Solid Tumours (RECIST) criteria updated in 2009 

(RECIST 1.1) [176]. Kaplan-Meier method was employed to generate survival curves, 

while the probabilities of survival were analysed via the log-rank test. The impact of the 

evaluated lncRNAs on the risk of disease progression and death were further assessed 

using the Cox proportional-hazards model, which was adjusted for the most relevant 
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patient’s demographic and clinicopathological factors previously identified by applying 

the backward Wald method. In those analyses, those with VTE prior to OC diagnosis 

were dismissed. 

Subgroup analyses based on the first treatment (surgery vs. chemotherapy) were 

conducted in all statistical assessments implicating the lncRNA normalized relative 

expression levels. Of note, in opposition to those first submitted to surgery, those that 

were first treated with chemotherapy were treatment-naive at the time of sample 

collection. 

All tests conducted were two-sided and a 5% level of significance was established.
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IV. Results  

1. Implications of VTE on patients’ prognosis 

Among the 30 patients with sufficient follow-up time, 7 (23.3%) developed OC-related 

VTE, including two patients with VTE prior to and five after OC diagnosis. Regarding the 

type of VTE, five events (71.4%) were DVT and two (28.6%) were PE. Most of the events 

(4 (57.1%)) were symptomatic and treated with LMWH (4 (57.1%)), with other options 

for anticoagulation treatment including DOAC (2 (28.6%)) and vitamin K antagonist 

(VKA; 1 (14.3%)). Among the patients with VTE before cancer diagnosis, the time interval 

between VTE and OC diagnosis was 3.5 ± 2.1 months. As for those with VTE after cancer 

diagnosis, the mean time to VTE was 9.2 ± 8.9 months. Considering both the classical 

(≥3 vs. <3) and novel KS cut-off (≥2 vs. <2), the score did not present a significant 

predictive impact on VTE incidence among the OS patients (Χ², p>0.05). Of note, also 

no significant association between VTE development and patients’ demographical and 

clinicopathological features, baseline full blood count and coagulation tests was 

observed (Χ², p>0.05). 

The impact of VTE on the patient’s prognosis was investigated. No association between 

VTE and patients’ PFS was observed. Yet, a tendency of a negative impact of VTE on 

PFS was detected among those with VTE after OC diagnosis (mean PFS of 13.4 ± 2.5 

months and 21.9 ± 4.2 months, respectively; log-rank test, p=0.171, Figure 12a). On the 

other hand, venous thrombogenesis was demonstrated to have a negative influence on 

patients’ OS. Specifically, those with the condition had a worse survival time than their 

counterparts without VTE (mean OS of 26.5 ± 5.2 months and 47.5 months ± 5.9 months, 

respectively; log-rank test, p=0.044). This negative effect was even more evident when 

focusing on those with VTE after OC diagnosis (mean OS of 22.2 ± 5.6 months and 47.5 

months ± 5.9 months, respectively; log-rank test, p=0.028, Figure 12b). 
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Figure 12. Progression-free survival (a) and overall survival (b) by Kaplan-Meier and log-rank test for ovarian cancer 

patients (n=28), according to venous thromboembolism (VTE) occurrence after cancer diagnosis. A nonsignificant 

tendency of a negative impact of VTE on the progression-free survival was observed among those with VTE after cancer 

diagnosis (mean progression-free survival of 13.4 ± 2.5 months and 21.9 ± 4.2 months, respectively log-rank test, p=0.171, 

Figure 12a). Patients with the condition after OC diagnosis had lower overall survival compared to their counterparts 

(mean overall survival of 22.2 ± 5.6 months and 47.5 months ± 5.9 months, respectively; log-rank test, p=0.028, Figure 

12b).  

 

2. LncRNA expression and patients’ demographical and 

clinicopathological features, baseline full blood count and 

coagulation tests 

Associations between the prechemotherapy levels of the lncRNAs in PBNCs and the 

patients’ demographical and clinicopathological features, baseline full blood count and 

baseline coagulation tests were explored dismissing those with VTE before cancer 

diagnosis. Regarding the former, for MALAT1, TUG1 and NEAT1, no significant 

associations were observed regardless of the expression profile and the first treatment 

(Χ², p>0.05). In opposition, prechemotherapy MEG8 levels were significantly associated 

with KS (<2 vs. ≥2) (profile A, Χ², p=0.009; profile B, Χ², p=0.048). For those that had 

chemotherapy as a first treatment, prechemotherapy MEG8 levels were also significantly 
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associated with KS (≥2 vs. <2) (profile A, Χ², p=0.013). In both analyses, elevated 

prechemotherapy MEG8 levels in PBNCs were more predominant in the KS<2 group. 

Moreover, an association was found between XIST expression and CA-125 levels 

among those initially treated with chemotherapy. Specifically, intermediate and elevated 

levels of XIST were associated with elevated CA-125 levels (profile B, Χ², p=0.047). 

Regarding the baseline full blood count, significant associations were detected for 

MALAT1, TUG1 and XIST. For MALAT1, irrespective of the primary treatment, its 

expression was associated with leukocyte (profile A, Χ², p=0.041) and neutrophil (profile 

A, Χ², p=0.041) counts, where its higher expression was linked to a higher count of these 

cells. The same lncRNA was also linked to haemoglobin levels, with its higher levels 

being more predominant among those with higher haemoglobin levels (profile B, Χ², 

p=0.036; profile C, Χ², p=0.028). Regarding TUG1, irrespective of the first intervention, 

elevated neutrophil counts are linked to higher levels of this lncRNA (profile B; Χ², 

p=0.048). For XIST, a significant relationship with haemoglobin levels was found in the 

surgery group, with its higher expression being associated with higher haemoglobin 

levels (profile B, Χ², p=0.033). In terms of leukocyte count, a significance was also 

observed (profile B, Χ², p=0.027), with a specific emphasis on the chemotherapy group 

(profile B, Χ², p=0.037), where lower levels of XIST were linked to a lower leukocyte 

count. Similarly, for neutrophil count, a significant association was identified irrespective 

of the treatment (profile B, Χ², p=0.027) and for the chemotherapy group (profile B, Χ², 

p=0.043), where lower levels of XIST were also associated with a diminished count of 

neutrophils.  

Concerning the baseline coagulation tests (PT, aPTT and INR), significant associations 

were detected only for MALAT1 and MEG8. Specifically, higher prechemotherapy 

MALAT1 levels in PBNCs were linked to lower PT times in the chemotherapy group 

(profile B, Χ², p=0.025). For MEG8, irrespective of the first treatment, higher levels of this 

lncRNA were associated with a longer PT (profile A, Χ², p=0.014; profile B and D, Χ², 

p<0.001). When stratified by treatment, this association remained significant for the 

surgery group (profile A, Χ², p=0.038) and in both chemotherapy and surgery (profile B, 

Χ², p=0.014 and p=0.022, respectively; profile D, Χ², p=0.031 and p=0.038, respectively) 

depending on the expression profile. A significant association was also detected between 

INR and MEG8 expression, regardless of the treatment, with elevated prechemotherapy 

levels of MEG8 in PBNCs being more predominant among those with a higher INR 

(profile A and B, Χ², p=0.041 and p=0.023; profile D, Χ², p=0.030). Furthermore, the 

lncRNA expression levels were also associated with aPTT but only in the chemotherapy 

group, where its elevated levels were related to a higher aPTT (profile D, Χ², p=0.044). 
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No further significant associations were observed (Χ², p>0.05). 

 

3. Chemotherapy impact on lncRNA expression 

For patients whose samples prior to and after the first line of chemotherapy were 

available (n=37), the impact of chemotherapy on the expression levels of the selected 

lncRNAs was evaluated. Statistically significant differences were detected (Wilcoxon 

matched-pairs signed rank test, p<0.05) between the expression levels before and after 

chemotherapy for MALAT1, TUG1, NEAT1 and XIST (Figures 13a (p=0.047), 13b 

(p=0.003), 13c (p=0.005) and 13d (p=0.009), respectively). In opposition, only a 

marginally significant difference was observed for MEG8 (Figure 13e, p=0.058). 

A stratified analysis was performed based on the primary treatment (surgery vs. 

chemotherapy). In the group that underwent chemotherapy as the first intervention 

(n=17), TUG1 levels were significantly decreased after chemotherapy (p=0.029). For the 

other RNAs evaluated, no statistically significant differences were detected in their 

expression levels (Wilcoxon matched-pairs signed rank test, p>0.05). As for those who 

underwent surgery as the primary treatment (n=20), the expression levels of TUG1 and 

XIST were both significantly decreased after chemotherapy (p=0.035 and p=0.006, 

respectively). For the remaining lncRNAs, no differences were observed before and after 

chemotherapy in the stratified analyses (Wilcoxon matched-pairs signed rank test, 

p>0.05).   
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Figure 13. Normalized relative expression levels of lncRNAs (-∆Cq) in peripheral blood nucleated cells among ovarian 

cancer patients before and after the first line of chemotherapy: (a) MALAT1 expression; (b) TUG1 expression; (c) NEAT1 

expression; (d) XIST expression and (e) MEG8 expression; Wilcoxon matched-pairs signed rank test, * p<0.05; ** p<0.01; 

ns, non-significant. 

 

4. LncRNA expression and OC-related VTE incidence 

The impact of the evaluated lncRNAs on OC-related VTE incidence was investigated. In 

the analyses, three groups were considered: patients without VTE, those with the 

condition prior to cancer diagnosis and those with the condition after cancer diagnosis. 

For MALAT1, TUG1, NEAT1 and XIST, no statistically significant differences were 

observed between the different groups (Mann-Whitney U test; p>0.05; Figure 14a, b, c 

and d), which was corroborated by the Chi-Square test (Χ²) (profile A, B, C and D; Χ², 
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p>0.05). Concerning MEG8, its prechemotherapy expression levels were significantly 

elevated in OC patients who developed a VTE event after cancer diagnosis compared 

to those without the condition (Mann-Whitney U test; p=0.037; Figure 14e). This result 

was further confirmed by the Chi-Square test (Χ²) (profile C; Χ² test, p=0.033). 

 

 

Figure 14. Normalized relative expression levels of lncRNAs (-∆Cq) in peripheral blood nucleated cells among ovarian 

cancer patients in the context of venous thromboembolism (VTE): (a) MALAT1 expression; (b) TUG1 expression; (c) 

NEAT1 expression; (d) XIST expression and (e) MEG8 expression; Mann-Whitney U test, * p<0.05; ns, non-significant. 
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5. LncRNA expression and patients’ prognosis 

The influence of the evaluated lncRNAs on patients’ clinical outcome was dissected in 

univariable and multivariable Cox analyses adjusting for the most relevant patients’ 

prognostic factors. According to a multivariate analysis applying the backward Wald 

method, surgery (yes vs. no) and platinum sensitivity (sensitive vs. resistant) were shown 

to be the most relevant predictors of the risk of disease progression, while the latter had 

a standout performance as a predictor of the risk of death.  

For MALAT1, TUG1 and XIST, no impact on the risk of disease progression and death 

was observed, both in univariable and multivariable Cox analyses, regardless of the 

expression profile (Cox regression analyses, p>0.05). For MEG8, no significant 

association with the risk of disease progression was detected in the univariable Cox 

analysis (p>0.05). However, in a multivariable Cox analysis adjusting for surgery and 

platinum sensitivity, a significant impact of this lncRNA on the risk of disease progression 

was observed. Specifically, its low prechemotherapy expression levels were associated 

with a three-fold increase in the risk of OC progression (profile A, adjusted hazard ratio 

(aHR)=3.00, 95% confidence interval (95%CI), 1.06-8.51, p=0.039; Table 2). As for the 

impact of MEG8 on the risk of death, no significant association was detected in 

univariable or multivariable Cox analysis adjusting for platinum sensitivity (profile A, 

aHR=2.70, 95%CI, 0.81-9.02, p=0.107; Table 2).  

 

Table 2. Multivariable Cox regression analysis on the risk of disease progression and risk of death among ovarian cancer 

patients (n=29) according to prechemotherapy MEG8 levels in PBNCs. 

Bold values were regarded as statistically significant. 1 Reference group. Abbreviations: aHR, adjusted hazard ratio; CI, 

confidence interval; PBNCs, peripheral blood nucleated cells. 

Variable aHR 95% CI p-value Event 

MEG8 

(Lower vs. higher expression1) 
3.00 1.06-8.51 0.039 

Risk of disease 

progression 

Surgery 

(Yes vs. no1) 
0.003 0.00-0.04 <0.001 

Platinum sensitivity 

(Sensitive vs. resistant1) 
0.01 0.00-0.14 <0.001 

MEG8 

(Lower vs. higher expression1) 
2.70 0.81-9.02 0.107 

Risk of death 
Platinum sensitivity 

(Sensitive vs. resistant1) 
0.12 0.04-0.41 <0.001 
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Concerning NEAT1, no significant association with the risk of disease progression was 

detected in the univariable and multivariable Cox analysis (profile D, aHR=2.21, 95%CI, 

0.77-6.38, p=0.143; Table 3). As for its impact on the risk of death, a significant 

association was only detected in the multivariable Cox analysis adjusting for platinum 

sensitivity. Specifically, its low expression levels prior to chemotherapy were associated 

with a six-fold increase in the risk of death (profile D, aHR=6.25, 95%CI, 1.60-24.43, 

p=0.008; Table 3).  

 

Table 3. Multivariable Cox regression analysis on the risk of disease progression and risk of death among ovarian cancer 

patients (n=35) according to prechemotherapy NEAT1 levels in PBNCs. 

Bold values were regarded as statistically significant. 1 Reference group. Abbreviations: aHR, adjusted hazard ratio; CI, 

confidence interval; PBNCs, peripheral blood nucleated cells. 

 

Variable aHR 95% CI p-value Event 

NEAT1 

(Lower vs. higher expression1) 
2.21 0.77-6.38 0.143 

Risk of disease 

progression 

Surgery 

(Yes vs. no1) 
0.07 0.02-0.26 <0.001 

Platinum sensitivity 

(Sensitive vs. resistant1) 
0.02 0.01-0.10 <0.001 

NEAT1 

(Lower vs. higher expression1) 
6.25 1.60-24.43 0.008 

Risk of death 
Platinum sensitivity 

(Sensitive vs. resistant1) 
0.10 0.03-0.33 <0.001 
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V. Discussion 

Despite the advancements in the disease management, OC remains the most lethal 

gynaecological malignancy [177, 178]. Effective disease screening, accurate diagnosis 

and a multidisciplinary treatment based on a better comprehension of OC are crucial to 

improve patients’ prognosis. Focusing on the treatment setting, new and more adequate 

prognostic biomarkers are required to better tailor the disease management, particularly 

given the high heterogeneity that characterizes OC [179]. Traditionally, the study of 

ovarian tumorigenesis has been focused only on cancer cells [180]. However, to fully 

understand the disease growth and dissemination and thereby identify prognostic tools, 

it is essential to explore the surrounding microenvironment and how interactions between 

tumour cells and stroma promote the disease aggressiveness [181]. The tumour 

microenvironment comprises cancer-associated fibroblasts, pericytes, immune cells, 

platelets and endothelial cells, among others, each one playing key roles in 

tumorigenesis [180]. For instance, tumour cells and elements of the haemostatic system 

present in the tumour microenvironment are known to establish a bilateral association, 

with one promoting the other [108]. These interactions underly the pathogenesis of 

cancer-related VTE, which is a common paraneoplastic event, also representing the 

main cause of death among oncological patients after the cancer itself [95, 182-184].  

Among other solid tumours, OC is one of the most associated with venous 

thrombogenesis [131-138]. Corroborating a two-way association between thrombosis 

and OC progression, increased DD levels are reported to be associated with high tumour 

burden, chemoresistance and poor prognosis, regardless of VTE status [49, 185, 186]. 

Likewise, high plasma thrombin levels have been shown to negatively impact the OC 

patients’ survival and prognosis, while elevated platelet count is a predictor of the 

disease recurrence [185, 187]. Also, TF overexpression is linked to aggressive tumours, 

advanced stages, and decreased survival among OC patients. Interestingly, TF 

expression seems to vary according to different histological subtypes, with ovarian CCC 

having the highest expression [188, 189]. Besides, FVII and transcription factor 

hepatocyte nuclear factor 1-beta (HNF1B), were also shown to be overexpressed in 

CCC, with the latter regarded as one of the potential links between this subtype and a 

higher VTE incidence [190]. Ovary tumours also secrete chemokines and cytokines that 

stimulate platelets, vECs and immune cells to present a procoagulant behaviour [117, 

191]. Together, all these players appear to act in a complex network to promote ovarian 

tumorigenesis allied to immunothrombosis. Concordantly, our research group previously 

showed that VTE-related genetic polymorphisms have a prognostic value among OC 

patients, regardless of VTE status [192]. Subsequently, in the last recent years, multiple 
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lncRNAs have been shown to be implicated in venous thrombus formation and 

resolution. However, the data on cancer patients is scarce [53]. Thus, given the clinical 

implications, this study aimed to investigate the impact of VTE-associated lncRNAs on 

the incidence of OC-related VTE, as well as their prognostic value among OC patients, 

regardless of thrombogenesis. 

In this cohort study, from six months before to two years after cancer diagnosis, the 

incidence of OC-related VTE was 23.3%, which goes in line with the current evidence, 

confirming that OC patients have indeed a high prothrombotic risk [131-138]. 

Furthermore, those with the condition had a worse survival time compared to their 

counterparts, particularly when focusing on patients with VTE after OC diagnosis (mean 

OS of 22.2 ± 5.6 months and 47.5 months ± 5.9 months, respectively; log-rank test, 

p=0.028), which corroborates the existing evidence [190, 193, 194]. As for PFS, no 

significant association was detected. However, those with VTE after OC diagnosis tend 

to have a worse PFS than those without (mean PFS of 13.4 ± 2.5 months and 21.9 ± 4.2 

months, respectively; log-rank test, p=0.171), which is also in line with the literature [193]. 

Collectively, these findings suggest that VTE significantly deteriorates OC patient’s 

prognosis. As previously mentioned, aside from the VTE itself, deregulated haemostatic 

components underlying thrombogenesis are known to be exploited by tumour cells to 

facilitate their progression, which increases the tumour aggressiveness and 

thrombogenesis, overall deteriorating the patients’ prognosis [49]. As such, it is 

imperative to delve into more effective measures to prevent OC-related VTE among 

patients at high risk. As previously mentioned, the most studied RAM for forecasting 

cancer-related VTE is KS [115, 142, 145, 195, 196]. In this study, as expected based on 

the literature, the score had a poor performance, not being able to predict the incidence 

of OC-related VTE [137]. Although additional research is needed, specifically in larger 

cohorts, these preliminary findings reinforce the need for better and more tailored tools 

to stratify OC patients’ risk of VTE development. 

Regarding the evaluated lncRNAs, starting with MALAT1 (chromosome 11q13.1), this 

8kb lincRNA was first identified in non-small cell lung cancer and in association with lung 

cancer metastasis [53, 197]. Since then, MALAT1 has been intensively studied, with 

reports of its deregulation in several conditions such as malignant diseases, Parkinson’s 

disease, diabetic retinopathy and ischaemic stroke [198-203]. Concerning vascular 

diseases, this ncRNA has been pointed out as a major player due to its downregulation 

in atherosclerotic plaques and its association with vEC function [67, 204]. Furthermore, 

there has been a growing interest in understanding the mechanisms through which 

MALAT1 manages to impact DVT pathogenesis. Inconsistent results, however, led to the 

hypothesis that this lncRNA may have a dual role in venous thrombosis [53]. On one 
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hand, via the Wingless-related integration site (Wnt)/β-catenin signalling pathway, 

upregulated levels of this lncRNA were suggested to modulate the activity and behaviour 

of EPCs, decreasing their growth, migration, and survival, thus increasing the risk of 

thrombogenesis [67, 68]. In another study, MALAT1 modulated HUVEC apoptosis by 

regulating the miR-383-5p/BCL2-like 11 (BCL2L11) axis in DVT. Specifically, when 

overexpressed, this lncRNA acted as a decoy to repress the miRNA, which otherwise 

would target BCL2L11. In turn, higher levels of BCL2L11 reduced cell viability and 

increased vEC apoptosis, favouring thrombosis [68]. On the other hand, in a more recent 

study, platelet deficiency of MALAT1 (one of the most abundant lncRNAs in platelets) 

was reported to enhance platelet adhesion and aggravate thrombus generation through 

the phosphoinositide 3-kinase (PI3K)/ protein kinase B (AKT)/ Glycogen synthase 

kinase-3 beta (GSK-3β) signalling pathway [205]. Taken together, the data indicates that 

MALAT1 may have a cell- and/or context-dependent role in DVT pathways. In the 

present study, prechemotherapy expression levels of MALAT1 in PBNCs, irrespective of 

the first treatment (surgery vs. chemotherapy), were associated with leukocyte (profile 

A, Χ², p=0.041) and neutrophil (profile A, Χ², p=0.041) counts, where its higher 

expression was linked to a higher count of these cells. These results suggest that 

MALAT1 expression in PBNCs is attributed, at least partially, to neutrophils. Indeed, as 

previously mentioned, these immune cells are known to be implicated in 

immunothrombosis through the release of NETs (NETosis), which is promoted, for 

instance, by TF and platelets to increase the prothrombotic cascade [75]. Concordantly, 

exosomal MALAT1 from HUVECs was previously revealed to stimulate NETosis, 

triggering a proinflammatory response [206]. Together with the reported upregulated 

levels of MALAT1 in vECs in the context of thrombogenesis, the data hints that under a 

proinflammatory and prothrombotic setting (e.g., tumour microenvironment), 

endogenous or exosomal MALAT1 may promote neutrophils activation, favouring 

thrombus formation [67, 68]. In line with the role of neutrophils in MALAT1 expression, 

in this study, the lncRNA expression levels were significantly decreased after 

chemotherapy (Wilcoxon matched-pairs signed rank test, p=0.047). One of the 

explanations could be that by lessening the tumour burden, chemotherapy might have 

diminished the cancer stimulatory effect on the PBNCs [207]. Moreover, the therapy itself 

is known to negatively impact leukocyte activity and counts, causing conditions such as 

neutropenia and leukopenia, which may explain the downregulation of MALAT1 after 

chemotherapy [208, 209]. Also, chemotherapy can decrease platelet counts and cause 

vEC dysfunction, altering the signal from these haemostatic key players to leukocytes 

(i.e., immunothrombosis)  [75, 210, 211]. Additionally, higher MALAT1 levels were found 

to be associated with higher haemoglobin levels (profile B, Χ², p=0.036; profile C, Χ², 

p=0.028). The current evidence on the link between MALAT1 with haemoglobin is scarce 
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and conflicting. In myelofibrosis, a study showed that higher plasma levels of MALAT1 

were associated with lower haemoglobin levels [212]. In opposition, a study with 

hepatocellular carcinoma described a positive correlation between serum MALAT1 and 

haemoglobin levels [213]. Further investigation is thus required to dissect the underlying 

mechanisms. Indeed, haemoglobin can be a predictive biomarker of cardiovascular 

diseases, in addition to serving as a prognostic biomarker among cancer patients [142, 

214]. For instance, in OC patients, haemoglobin was previously associated with tumour 

stage, disease residue, chemotherapy completion and patients’ survival [214]. 

Furthermore, in the present study, prechemotherapy expression levels of MALAT1 in 

PBNCs were also found to be associated with lower PT in the group that had 

chemotherapy as the first treatment, meaning those that were treatment-naive (profile B, 

Χ², p=0.025). Although the coagulation tests did not present a predictive ability 

concerning VTE incidence (most likely due to the low number of patients with abnormal 

values), this finding suggest that, at OC diagnosis, MALAT1 expression in PBNCs might 

be linked to haemostatic abnormalities, particularly in the extrinsic coagulation pathway 

[112, 208, 209, 215]. However, and despite the literature available regarding MALAT1 in 

the setting of VTE, no significant association with OC-related VTE was found, which 

could be due to the context-dependent role of this lncRNA and the limited cohort size. 

As such, further studies are needed. As for the implications of MALAT1 in OC pathways 

regardless of VTE, this lncRNA is reported to be usually upregulated, which is associated 

with advanced disease stages, high tumour burden and a poor prognosis [216-220]. In 

vitro studies have shown that MALAT1 overexpression is linked to several tumour 

hallmarks, namely apoptosis evasion, sustained proliferation, angiogenesis, invasion 

and metastasis (particularly given its association with metalloproteinases and its 

implications in epithelial-mesenchymal transition (EMT)) [217, 218, 220-223]. Likewise, 

MALAT1 has been associated with chemoresistance. Specifically, the knockdown of this 

lncRNA was shown to attenuate cisplatin resistance and promote apoptosis in cisplatin-

resistant OC cells [224, 225]. Overall, MALAT1 is deemed an important contributor to 

ovarian tumorigenesis. However, contrary to the expected, no significant associations of 

MALAT1 with OS and PFS were detected in this study. In addition to the small cohort 

size, this might be attributable to the fact that the expression levels of this lncRNA were 

evaluated in blood components rather than in tumour tissues, in contrast to most of the 

previously mentioned studies. Hence, more studies with larger cohorts are necessary to 

assess the implications of MALAT1 expressed by PBNCs in OC-related VTE and cancer 

progression. 

Regarding TUG1 (chromosome 22q12.2), this 7.1 kb lincRNA was first identified as 

upregulated in developing retinal cells and in response to taurine (2-aminoethanesulfonie 

acid) [53, 226, 227]. This lncRNA is implicated in several malignant diseases and 
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obesity-related diseases [228, 229]. As for VTE, TUG1 was shown to have a poor 

expression in the femoral vein tissue of DVT mice. In opposition, the lncRNA 

overexpression, by downregulating miR-92a-3p and subsequently upregulating the 3-

hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) pathway (known to regulate 

angiogenesis), was able to accelerate the proliferation, migration, and tube-forming 

abilities of EPCs, while decreasing their apoptosis and the thrombus size. Collectively, 

TUG1, by serving as a decoy, seems to exert a protective effect against DVT [85]. In the 

current study, elevated prechemotherapy levels of TUG1 in PBNCs, irrespective of the 

primary treatment, were linked to elevated neutrophil counts (profile B; Χ², p=0.048). 

Indeed, TUG1 has been reported to directly facilitate the transcription of leucine-rich 

alpha-2-glycoprotein 1 (LRG1), which is a modulator of angiogenesis and inflammation, 

constitutively expressed by neutrophils. Interestingly, the few existing data indicate that 

LRG1 promotes the extravasation and activation of neutrophils, stimulating NETosis, 

which as mentioned before, is a process implicated in immunothrombosis [230, 231]. 

Furthermore, similarly to MALAT1, TUG1 expression levels in PBNCs are decreased 

after the first line of chemotherapy (Wilcoxon matched-pairs signed rank test, p=0.003). 

Once again, this can be explained by the role of chemotherapy in decreasing the cancer 

burden and thus the stimulatory signal from tumour cells to the microenvironment, as 

well its impact on leukocytes (and neutrophils specifically), platelets and vECs, overall 

leading to a lower expression of TUG1. Regarding baseline haemoglobin levels and the 

coagulation tests, no significant associations involving TUG1 were observed. As for VTE 

incidence among OC patients, the lncRNA also did not present any significant impact. 

Overall, TUG1 expression in PBNCs does not seem to influence venous thrombogenesis 

in the setting of OC. Nonetheless, future investigation is required to validate this finding. 

As for TUG1 implications in OC pathways regardless of VTE, the current data suggests 

that this lncRNA is upregulated in OC tissues, associating with tumour stage, grade and 

lymph node metastasis [232, 233]. The lncRNA knockdown is responsible to inhibit 

tumour activity while inducing apoptosis and reversing EMT [232-234]. Interestingly, 

TUG1 knockdown has also been shown to inhibit angiogenesis by suppressing secretion 

of LRG1 [235]. On the contrary, a previous study showed a detrimental effect of TUG1 

with its lower levels being associated with advanced disease stages, cisplatin resistance 

and reduced survival [236]. In summary, there are several described roles regarding 

TUG1, which however seem to be conflicting or context-dependent. In the present study, 

this lncRNA did not show any impact on the risk of disease progression or death. All in 

all, given the reported roles of TUG1 in VTE and OC, and considering the small cohort 

size, further studies are warranted to elucidate its roles in both conditions. 
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The lincRNA NEAT1 (chromosome 11q13.1) is well-studied in the context of cancer, 

playing also pivotal roles in neurodegenerative diseases, such as Parkinson’s, 

Alzheimer’s, Huntington’s disease and Amyotrophic lateral sclerosis [88, 237, 238]. 

Regarding VTE, the first and only study that aimed to unravel the role of NEAT1 was 

published in 2023. The serum levels of this lncRNA were found to be upregulated in DVT 

patients compared to healthy individuals. Moreover, NEAT1 was positively associated 

with vasoconstrictors and factors involved in fibrinolysis and coagulation. In HUVECs, 

this lncRNA was responsible to inhibit the secretion of adhesion factors, also restraining 

their proliferation and migration, while promoting their apoptosis. As a result, NEAT1 was 

stated as being involved in endothelial dysfunction and coagulation/fibrinolysis 

imbalances [173, 239]. In this study, no statistically significant associations were found 

between prechemotherapy NEAT1 expression levels in PBNCs and the baseline full 

blood count. According to the literature, this lncRNA regulates immune cell functions and 

although with a low immune cell specificity, NEAT1 seems to be mainly expressed by 

monocytes and lymphocytes [240, 241]. Indeed, while cell counts can impact the 

expression levels of a gene within a sample, the gene expression activity is often the 

primary contributor, which could explain the absent association between NEAT1 levels 

and leukocytes counts [242]. Furthermore, decreased levels of this lncRNA were 

observed after the first line of chemotherapy (Wilcoxon matched-pairs signed rank test, 

p=0.005), which could be once again explained by the negative impact of chemotherapy 

on tumour burden, leukocytes, platelets and vECs (particularly the former), as previously 

mentioned. As for its impact on thrombogenesis, NEAT1 did not present a significant 

association with the baseline coagulation tests neither OC-related VTE incidence. Of 

note, as previously mentioned, the study that linked NEAT1 to VTE, was conducted 

analysing the expression of the lncRNA in serum and HUVECs [173]. Additional 

investigation with a larger cohort size is needed to unravel the role of NEAT1 expression 

in PBNCs in thrombogenesis among OC patients. With respect to ovarian tumorigenesis, 

a previous study demonstrated that NEAT1 was upregulated in OC compared to non-

neoplastic tissues. Also, in the same study, the lncRNA expression levels were positively 

associated with prognostic factors such as FIGO stage, particularly distant metastasis, 

and tumour grade. Overall, higher levels of this lncRNA were associated with worse 

prognosis, with NEAT1 being considered an independent prognosis factor of OC [239]. 

Concordantly, the lncRNA is documented as being overexpressed and associated with 

worse prognosis in other solid tumours, including lung, colorectal, oesophageal and 

prostate cancers [88, 243-247]. However, in the present study, diminished 

prechemotherapy NEAT1 expression levels in PBNCs were significantly associated with 

an increased risk of mortality adjusting for platinum sensitivity (profile D, aHR=6.25, 

95%CI, 1.60-24.43, p=0.008). Of note, the present study evaluated the expression of 
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NEAT1 in blood components, rather than in tumour tissues, in contrast to most studies 

conducted on NEAT1 implications in cancer pathways, which may explain this 

(apparently contradictory) result. Inclusively, low levels of NEAT1 were previously 

reported to have a detrimental role in promyelocytic leukaemia (PML), leading to 

impaired myeloid differentiation [248]. Under normal circumstances, myeloid 

differentiation is the process by which hematopoietic stem cells transform into mature 

blood cells of the myeloid lineage, including erythrocytes, platelets and leukocytes [249]. 

However, in acute promyelocytic leukaemia (APL), a subtype of acute myeloid 

leukaemia, this process is deregulated. The condition APL is defined by a chromosomal 

translocation that leads to the fusion of the genes PML and retinoic acid receptor α 

(RARα). This gene fusion results in the production of the PML-RARα oncoprotein, which 

blocks the promyelocytic differentiation stage causing an abnormal accumulation of 

promyelocytes in the peripheral blood [250, 251]. All-trans retinoic acid (ATRA) is a 

medication used to treat this condition, which reverts this process for proper myeloid 

differentiation. However, PML-RARα can additionally repress NEAT1 in PML cells 

hindering the restoration of the normal differentiation process by ATRA [248]. 

Consequently, this disrupted differentiation as result of lower NEAT1 expression leads 

to an excessive accumulation of promyelocytes, potentially resulting in coagulation 

abnormalities due to, for instance, reduced levels of platelets [252]. In OC, NEAT1-

enriched extracellular vesicles derived from M2-polarized tumour-associated 

macrophages have been previously demonstrated to favour the immune evasion via the 

miR-101-3p/ zinc finger E-box binding homeobox 1 (ZEB1)/ programmed death-ligand 1 

(PD-L1) axis [253]. Whether these two seemingly isolated mechanisms are interrelated 

and underlying the negative effect of low NEAT1 expression in PBNCs needs to be 

explored. Of note, no significant association between the lncRNA expression and PFS 

was detected. All in all, further studies with larger cohort sizes are warranted to 

conclusively establish the role of NEAT1 in VTE and OC. 

The lincRNA XIST (chromosome Xq13.2) is one of the most studied lncRNAs, known to 

be required for X-chromosomal inactivation during early development for dosage 

compensation [254]. In addition, this lincRNA is also associated with preeclampsia and 

multiple cancers [255, 256]. Concerning VTE, XIST was found to be highly expressed in 

the plasma of DVT patients, possibly acting as a decoy by sponging miR-103a-3p, which 

in turn, targets high-mobility group box 1 (HMGB1) [257]. Concordantly, miR-103a-3p 

expression was found to be reduced in patients with unprovoked VTE [258]. In DVT, 

lower levels of this miRNA inhibited normal functions of EPCs, such as migration and 

angiogenesis [259]. On the other hand, higher miR-103a-3p expression levels together 

with lower levels of chemokine 12 (CXCL12) inhibited the development of DVT, which is 
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in line with previous data [260]. As for HMGB1, its levels are highly expressed in patients 

with same condition. This nuclear protein is one of the main regulators of the coagulation 

cascade, known also to induce inflammatory reactions and play a part in the apoptosis. 

In thrombosis, HMGB1 has a pro-thrombotic effect as it promotes both the activation and 

aggregation of platelets [257, 261]. Also via the XIST/miR-103a-3p/HMGB1 axis, XIST 

may regulate the expression of TF in HUVECs induced by IL-1β, as well as increase cell 

viability and hinder apoptosis by inhibiting the reactive oxygen species (ROS)/nuclear 

factor κB (NF-κB) signalling pathway [257, 262-264]. In the present study, intermediate 

and elevated prechemotherapy expression levels of XIST in PBNCs were associated 

with elevated leukocyte (profile B, Χ², p=0.027) and neutrophil (profile B, Χ², p=0.027) 

counts, with a specific emphasis on the chemotherapy group (profile B, Χ², p=0.037 and 

profile B, Χ², p=0.043, respectively). Like MALAT1 and TUG1, the results suggest that 

the expression of XIST in PBNCs was attributed, at least partially, to neutrophil counts. 

Concordantly, this lncRNA has been previously implicated in neutrophil-associated 

biological processes, including NETosis [265, 266]. Concerning chemotherapy's impact 

on XIST expression levels, a significant association was found with chemotherapy being 

responsible for the decrease in its levels (Wilcoxon matched-pairs signed rank test, 

p=0.009) as observed for MALAT1, TUG1 and NEAT1. Furthermore, a significant 

relationship with haemoglobin levels was found in the surgery group, with intermediate 

and elevated levels of XIST associating with higher haemoglobin levels (profile B, Χ², 

p=0.033). However, the existing data on this association is scarce. Regarding 

haemostatic abnormalities assessed by baseline coagulation tests and the incidence of 

OC-related VTE, no significant associations with XIST were found. Nevertheless, the 

evidence on its implications in VTE pathways addresses the expression of the lncRNA 

in plasma [266]. Thus, additional investigation with a larger cohort size is needed to 

unravel the role of XIST expression in PBNCs in thrombogenesis among OC patients. In 

relation to OC progression, there are some contradictory findings in the literature 

regarding this lncRNA. A study showed that XIST is highly expressed in EOC tissues 

and cell lines, being strongly associated with tumour grade, FIGO stage and distant 

metastasis, and representing an independent prognostic factor among EOC patients. 

Concordantly, the downregulation of XIST inhibited OC proliferation, migration and 

invasion [266-268]. In opposition, its overexpression has been associated with longer 

survival in OC patients, being downregulated in advanced stages, compared to early 

stages of the disease [269, 270]. Also, the upregulation levels of XIST were reported to 

increase apoptosis, inhibit proliferation, invasion, and tumour growth in vivo, and 

increase the chemosensitivity of OC cells to cisplatin, thus playing a significant 

anticancer role [271, 272]. Overall, XIST has conflicting roles in the setting of OC. In this 

present study, no impact of XIST on the risk of disease progression or death was found. 
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However, a significant association was detected between XIST and CA-125 levels within 

the chemotherapy group. Specifically, intermediate and elevated levels of the lncRNA 

were associated with elevated levels of the OC marker (profile B, Χ², p=0.047). According 

to the literature, high CA-125 levels correlate with high tumour burden and advanced OC 

stages, translating into a shorter OS [273]. With elevated XIST expression levels in 

PBNCs being associated with elevated CA-125, it is plausible to suggest that the lncRNA 

might also increase with tumour burden. However, as mentioned before, the available 

literature has conflicting findings regarding the role of XIST in ovarian tumorigenesis, and 

the implications of the lncRNA expression in PBNCs in OC progression is yet unclear. 

Thus, further studies are needed. 

The lincRNA MEG8 (chromosome 14q32.31) is known to be dysregulated in several 

disorders, such as lung, ovarian and colorectal cancers, as well as gestational diabetes 

mellitus, diabetic nephropathy, and ischemic heart disease [274, 275]. Contrary to the 

other lncRNAs evaluated in this study, MEG8 expression levels in PBNCs were not 

associated with the baseline full blood count, nor they were impacted by the first line of 

chemotherapy. This suggests that the expression level of this lncRNA is mainly attributed 

to the gene expression activity in PBNCs rather than the cell quantity, which is sustained 

even with chemotherapy. Furthermore, in this study, prechemotherapy MEG8 levels 

were significantly associated with KS (≥2 vs. <2), irrespective of the first treatment (profile 

A, Χ², p=0.009; profile B, Χ², p=0.048) and among those that had chemotherapy as a first 

intervention (profile A, Χ², p=0.013). In both scenarios, elevated MEG8 levels were 

significantly associated with lower KS. In opposition, the lncRNA expression was not 

found to be individually associated with neither of the KS parameters (prechemotherapy 

BMI, haemoglobin levels and platelet and leukocyte counts) [115]. Also, it was 

established an association between elevated MEG8 levels and prolonged PT, aPTT and 

INR, which indicates its potential association with anomalies of the haemostatic system, 

involving both the intrinsic and extrinsic pathways [112, 215]. Concordantly, the lncRNA 

was significantly elevated among OC patients who later experienced a VTE event 

compared to those who remained VTE-free (Mann-Whitney test, p=0.037; Χ² test, 

p=0.033). As mentioned before, elevated MEG8 levels were also significantly associated 

with lower KS. This seemly conflicting result can be attributed to the poor performance 

of KS in predicting OC-related VTE incidence. Inclusively, among OC patients, those 

classified as having low VTE risk (KS<3 or KS<2, depending on the cut-off) often end up 

suffering from the condition, according to different studies [196]. In contrast with the other 

evaluated lncRNAs, MEG8 has not yet been directly linked to VTE in previous studies. 

Instead, it is reported to be a scaffold lncRNA repressing the expression of TFPI2 [53, 

275]. This haemostatic protein is expressed in cells such as vECs, monocytes or 

macrophages, playing dual roles: as an anticoagulant by targeting the TF coagulation 
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pathway and as an antifibrinolytic protein by inhibiting plasmin. Collectively, TFPI2 

seems to play a context-dependent role in VTE pathways, influencing both thrombus 

formation and its resolution (Figure 15) [63, 64, 276, 277]. Therefore, as MEG8 

downregulates the expression of TFPI2, which is also expressed among leukocytes, the 

present study results (i.e., elevated MEG8 levels in PBNCs precedes OC-related VTE) 

suggest that TFPI2 as an anticoagulant protein, rather than an antifibrinolytic protein, 

might be the primary mechanism underlying the promoting effect of MEG8 in blood clot 

formation (Figure 15a). As such, due to MEG8 inhibition of TFPI2 expression, the active 

TF coagulation pathway ends up contributing to OC-related VTE occurrence. Following 

its context-dependent role, elevated serum TFPI2 levels were reported to be a diagnostic 

marker of VTE among OC patients [278, 279]. This hints that, in opposition to blood clot 

formation, MEG8 levels may be downregulated at thrombus resolution, leading to TFPI2 

upregulation, which in turn inhibits plasmin, impairing thrombus resolution (Figure 15b1). 

In sum, elevated prechemotherapy MEG8 levels in PBNCs could be a predictor of a later 

OC-related VTE occurrence. As for the role of this lncRNA in OC progression, in the 

present study, lower MEG8 expression levels prior to chemotherapy were linked to a 

three-fold increase in the risk of disease progression adjusted for surgery and platinum 

sensitivity (profile A, aHR=3.00, 95%CI, 1.06-8.51, p=0.039). In accordance, in a study 

utilizing integrated bioinformatics analysis, the authors showed that diminished MEG8 

levels in OC tissue were associated with a poorer prognosis [280]. This goes in line with 

the observation that, in opposition to other tumours, TFPI2 is overexpressed in ovarian 

CCC (the EOC subtype most associated with thrombogenesis), though its precise role 

and the underlying mechanisms remain unclear [281-284]. Furthermore, low MEG8 

levels in vECs are known to impair the endothelial function, which in turn, in addition to 

promoting VTE, also plays a role in cancer by amplifying the tumour inflammatory 

signalling and consequently promoting tumorigenesis (Figure 15b2) [83, 275, 285]. As 

for the implications of MEG8 expression in PBNCs in ovarian tumorigenesis, the data is 

scarce. Nevertheless, MEG8 has been previously linked to immune infiltration in OC 

[280]. Additionally, lower levels of MEG8 may lead to an overexpression of TFPI2, which 

as previously mentioned has an inhibitory activity towards plasmin [64]. In turn, this 

profibrinolytic protein is also implicated in tumour growth and dissemination via 

degradation of the extracellular matrix, influencing tumour metastasis [286]. Of note, no 

significant association between MEG8 expression and OS was detected. However, 

further studies with larger cohorts are needed for clarification. Collectively, an intricate 

interplay revolving around MEG8 appears to impact both the risk of VTE development 

and the prognosis of OC patients, regardless of thrombogenesis.  
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Figure 15. Hypothesis of MEG8 roles in a) OC-related VTE incidence and b) OC progression 

Low levels of MEG8 are known to impair endothelial function and elevate TFPI2 expression [275]. TFPI2, in turn, has 

inhibitory activity towards TF and plasmin [64]. While the former initiates the coagulation cascade, the latter primarily 

contributes to blood clot removal [63, 64]. a) In this study, expression levels of MEG8 were elevated in OC patients who 

developed a VTE event after cancer diagnosis. The underlying hypothetical mechanism relies on the fact that TFPI2 

inhibition towards TF might be more significant at thrombi formation. Specifically, as MEG8 inhibits TFPI2, the latter, when 

unavailable, cannot inhibit TF, which consequently is able to initiate the coagulation cascade leading to VTE. b) Low 

expression levels of MEG8 were linked to an increase in the risk of disease progression, which can be explained by VTE-

dependent and independent pathways. b1) A possible VTE-dependent hypothesis could be that TFPI2 inhibits plasmin, 

preventing it to execute its profibrinolytic functions, hampering VTE resolution and promoting OC progression given the 

plasmin roles in the remodelling of extracellular matrix [64, 286]. b2) Other possible mechanism consists in a VTE-

independent pathway where impaired endothelial function promotes cancer progression, aggravating OC patient’s 

prognosis [285]. Parallelly, impaired endothelial function contributes also to VTE [83]. Dashed arrows represent the final 

result through which TFPI2 impacts VTE development. MEG8 expression: ↓ downregulated and ↑ upregulated. 

Transparency indicates the possible less relevant TFPI2-inhibitory activity in the respective pathway. Abbreviations: 

MEG8, maternally expressed 8; OC, ovarian cancer; VTE, venous thromboembolism; TFPI2, tissue factor pathway 

inhibitor. The figure was created with BioRender.com. 

 

Despite the promising results, the present study had limitations that need to be 

acknowledged. Firstly, its retrospective design had impeded the gathering of relevant 

data. For instance, it would be important to assess the lncRNA expression also close to 

VTE occurrence to evaluate the diagnostic capability of these ncRNAs. This would be 

particularly for MEG8 given its apparent context-dependent role. Second, VTE was not 

actively screened, which may have led to a potential underestimation of asymptomatic 
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VTE events. This oversight may have inclusively contributed to the poor performance of 

KS in this study. Moreover, there was an absence of a control group comprising healthy 

participants and VTE patients without cancer, which hindered the comparison of the 

lncRNA expression in health and disease contexts. Additionally, the sample size was 

small, limiting the statistical power of the study and potentially impairing the 

generalization of the findings to a broader population. Lastly, it was not possible to 

evaluate the lncRNAs expression in plasma, which could be attributed to either the 

method's lack of sufficient sensitivity and/or the potential poor quality of the plasma 

samples. 

Regarding the strengths of this study, firstly, the population under evaluation was 

relatively homogeneous, which enhances the internal validity of our findings. Second, all 

the major risk factors related to VTE occurrence were accounted for. Moreover, while 

previous studies were predominantly centred around aberrant lncRNA expression in OC 

tissue samples, this study was focused on deregulated lncRNAs in PBNCs, 

demonstrating the potential clinical relevance of liquid biopsies in OC prognosis. 

Furthermore, this study represents a pioneering effort in shedding light on the unexplored 

territory of VTE-related lncRNAs within the context of CAT, since, up to date, no studies 

have been conducted on the role of these lncRNAs among cancer patients. 
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VI. Conclusions 

OC stands out as the most lethal gynaecological malignancy [2, 3]. Conversely, VTE is 

a common paraneoplastic event that ranks as the second leading cause of death among 

cancer patients, imposing a detrimental impact on their prognosis  [95, 182-184]. These 

two conditions have a close relationship, in which tumour cells hijack the haemostatic 

system to drive cancer growth and dissemination [119]. Recently, lncRNAs have been 

implicated in VTE pathogenesis [53]. However, their roles in cancer-associated VTE 

development, as well as their prognostic value, are yet unexplored. Understanding how 

these lncRNAs influence venous thrombogenesis and OC progression may lead to the 

identification of valuable biomarkers for VTE prediction and OC management, which are 

both needed to improve the prognosis of the patients. Thus, in this study, the impact of 

five lncRNAs, including MALAT1, TUG1, NEAT1, XIST, and MEG8, was evaluated in a 

cohort of 40 OC patients. According to the findings, OC patients have a high 

prothrombotic risk and VTE negatively impacts their survival. Among the evaluated 

lncRNAs, MEG8 in PBNCs was the only one that was revealed to be a predictor of OC-

related VTE, with its association with the baseline coagulation tests reflecting a possible 

role of this lncRNA in haemostatic abnormalities. This suggests that MEG8 holds the 

potential to be an attractive tool to predict VTE risk among OC patients using liquid 

biopsies, thus offering valuable insights into a patient’s thromboembolic risk profile. 

Interestingly, in line with the bilateral relationship between tumour cells and the 

haemostatic system, this lncRNA also demonstrated to impact the risk of OC progression 

regardless of VTE. This multifaceted role puts MEG8 as a potential biomarker for both 

VTE prediction and OC prognosis assessment. Furthermore, NEAT1 in PBNCs was 

associated with the risk of death, emerging as a potential biomarker when assessing the 

prognosis of OC patients. While these preliminary findings are promising, it is important 

to reinforce the necessity for further validation studies in larger cohorts and preferably 

using a multicentric approach for more robust data. 

To our current understanding, this investigation is the first to propose lncRNAs in PBNCs 

as potential predictors of VTE in association with OC. By being able to stratify OC 

patients based on their VTE risk, a more focused screening and justifiable 

thromboprophylaxis could be established for those at high risk, thereby safely reducing 

the occurrence of VTE events without adversities (e.g., bleeding disorders). Likewise, 

these lncRNAs could be used as additional tools to assess the prognosis among OC 

patients in a non-invasive manner, helping tailor treatment strategies to improve their 

clinical outcomes. In terms of future perspectives, the adoption of digital polymerase 

chain reaction (dPCR) could be valuable to evaluate these lncRNAs in liquid biopsies, 
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given its high sensitivity. This is particularly important when analysing the expression 

profiles of the selected lncRNAs in plasma and serum samples [287]. Furthermore, 

performing single-cell RNA sequencing would be also important to gain a better 

understanding of which individual PBNCs are responsible for expressing the assessed 

lncRNAs [288, 289].  Additionally, the inclusion of a pre-surgery sample for those who 

undergo surgery as primary treatment is also something to consider. Lastly, it would be 

imperative to include control groups comprising healthy individuals and VTE subjects 

without cancer, preferably using a multicentric approach, to augment the robustness and 

validity of the acquired results, thus offering deeper insights into the evaluated lncRNAs 

in different pathophysiological settings. 

In conclusion, this first study on the matter sheds light on the functional significance of 

lncRNAs in OC-related VTE and suggests them as potential prognostic biomarkers in 

OC, regardless of thrombogenesis. More studies in this field and with real-world OC 

patients are required to clarify the clinical use of lncRNAs as OC biomarkers in an era of 

liquid biopsies.
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