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Abstract: Lung cancer is strongly associated with a hypercoagulable state, significantly increasing 

the risk of venous thromboembolism (VTE) and complicating clinical management. The mechanisms 

underlying cancer-associated coagulopathy are multifactorial, involving tumor-derived 

procoagulants, chronic inflammation, endothelial dysfunction, autoimmune phenomena, and 

treatment-induced effects. These processes not only drive thrombosis but also influence disease 

progression and therapeutic decisions. Moreover, the presence of antiphospholipid antibodies and 

acquired inhibitors of coagulation adds further complexity by simultaneously predisposing patients 

to both thrombosis and bleeding. This review provides a clinically oriented synthesis of the current 

evidence on coagulation abnormalities in lung cancer, highlighting diagnostic strategies—including 

mixing studies and biomarker evaluation—and exploring treatment approaches such as low-

molecular-weight heparins, direct oral anticoagulants, and immunosuppressive regimens. 

Recognizing and managing coagulation disorders is essential for optimizing outcomes in lung cancer 

patients, and a multidisciplinary, personalized approach is increasingly warranted in oncologic 

practice. 
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1. Introduction 

Lung cancer remains the leading cause of cancer-related mortality globally, accounting for over 

1.8 million deaths annually [1]. Beyond its oncologic burden, lung cancer frequently coexists with 

systemic complications, among which coagulation disorders are particularly consequential. Venous 

thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), 

occurs in up to 15% of lung cancer patients, with higher incidence in those receiving chemotherapy 

or harboring metastatic disease [2,3]. 

The association between cancer and thrombosis, first described by Armand Trousseau in the 

19th century, is now recognized as a distinct clinical entity known as cancer-associated thrombosis 

(CAT) [4]. Among all malignancies, lung cancer exhibits one of the highest risks for thrombotic 

events, due to the combined effects of tumor-derived procoagulants, systemic inflammation, immune 

dysregulation, and treatment-related complications [5,6]. 

These coagulation abnormalities have direct clinical implications. Thrombotic events may occur 

early in the disease course and are associated with worse overall survival [7]. Additionally, some 

lung cancer patients develop acquired coagulation inhibitors, such as lupus anticoagulant or 

antibodies against clotting factors, which predispose them to both thrombosis and bleeding. This 
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dual risk presents a significant therapeutic challenge, particularly when balancing anticoagulation 

with the potential for hemorrhage [8,9]. 

Recognition of CAT is critical for oncologists, as it can influence therapeutic decisions, treatment 

tolerance, and hospitalization rates. Risk stratification tools and biomarkers can aid in early detection, 

while evidence-based anticoagulation strategies are essential for optimal patient outcomes [10,11]. 

This review aims to provide an updated, clinically relevant overview of coagulation 

abnormalities in lung cancer, emphasizing pathophysiological mechanisms, diagnostic approaches, 

and practical considerations in therapy. 

2. Mechanisms of Hypercoagulability in Lung Cancer 

The hypercoagulable state in lung cancer arises from a multifactorial process involving tumor 

biology, systemic inflammation, endothelial dysfunction, autoimmune responses, and iatrogenic 

factors. These mechanisms act synergistically to promote thrombin generation, inhibit fibrinolysis, 

and enhance platelet activation, thereby contributing to the elevated incidence of venous 

thromboembolism (VTE) in this population [2,5,12]. 

2.1. Tumor-Derived Procoagulants 

Lung cancer cells, particularly those of adenocarcinoma histology, often overexpress tissue 

factor (TF), a primary initiator of the extrinsic coagulation cascade. TF forms a complex with activated 

factor VII (FVIIa), leading to activation of factor X and subsequent thrombin generation [13]. In 

addition, tumor cells release TF-positive microparticles (MPs) into circulation, which propagate 

coagulation by activating platelets and endothelial cells [14]. 

TF expression is not only associated with thrombotic risk but also correlates with tumor 

aggressiveness and angiogenesis, suggesting a bidirectional relationship between hemostasis and 

cancer progression [6,15]. 

2.2. Inflammatory Cytokine Activation 

The tumor microenvironment in lung cancer is enriched with inflammatory mediators such as 

interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and interleukin-1 beta (IL-1β), all of which 

upregulate TF expression and downregulate natural anticoagulants like antithrombin and protein C 

[8,16]. IL-6 also promotes thrombopoiesis through hepatic stimulation of thrombopoietin, 

contributing to increased platelet turnover [17]. 

Furthermore, these cytokines elevate levels of plasminogen activator inhibitor-1 (PAI-1), thereby 

inhibiting fibrinolysis and stabilizing thrombi [10]. 

2.3. Endothelial Dysfunction and Platelet Activation 

Endothelial cells play a central role in maintaining vascular integrity. In lung cancer, their 

function is compromised by oxidative stress, inflammatory cytokines, and direct tumor invasion [11]. 

Damaged endothelium exhibits reduced production of anticoagulant proteins such as 

thrombomodulin and tissue plasminogen activator (tPA), while expressing higher levels of adhesion 

molecules (e.g., E-selectin, ICAM-1) that facilitate leukocyte and platelet adhesion [12]. 

Tumor–platelet interactions further exacerbate the prothrombotic state. Activated platelets 

promote clot formation and aid in tumor immune evasion by shielding circulating tumor cells (CTCs) 

from immune surveillance [13,18]. 

2.4. Autoimmunity and Acquired Inhibitors 

Autoimmune features, notably the presence of antiphospholipid antibodies (aPL), including 

lupus anticoagulant (LA), have been reported in patients with solid tumors, including lung cancer 

[9]. These antibodies interfere with phospholipid-dependent coagulation assays and paradoxically 
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increase the risk of thrombosis despite prolongation of activated partial thromboplastin time (aPTT) 

[14]. 

Rarely, acquired inhibitors of clotting factors—especially Factor VIII or IX—may develop, 

leading to life-threatening bleeding episodes. These patients often present with isolated, unexplained 

aPTT prolongation and require specialized diagnostic assays such as mixing studies and Bethesda 

assays [15,19]. 

2.5. Treatment-Related Risks 

Chemotherapeutic agents, targeted therapies (e.g., anti-VEGF agents), and immune checkpoint 

inhibitors have all been associated with increased thrombotic risk [20,21]. Surgery, particularly lung 

resections, further augments this risk, especially in immobilized or elderly patients. 

While these treatments are often essential for disease control, they must be carefully balanced 

with the potential for thrombohemorrhagic complications (Figure 1, Table 1). 

 

Figure 1. Schematic representation of the mechanisms contributing to coagulation abnormalities in lung 

cancer. 

This figure illustrates the multifactorial pathogenesis of hypercoagulability in lung cancer. Lung 

cancer cells release tissue factor (TF) and procoagulant microparticles, leading to thrombin generation 

and platelet activation. Inflammatory cytokines such as IL-6 and TNF-α promote coagulation and 

impair fibrinolysis. Endothelial dysfunction contributes to leukocyte adhesion and vascular injury, 

while autoimmune phenomena (e.g., lupus anticoagulant, antiphospholipid antibodies) predispose 

to both thrombosis and bleeding. These interacting pathways converge into a thromboinflammatory 

state, culminating in venous thromboembolism (VTE) and hemorrhagic complications. 

Table 1. Mechanisms contributing to hypercoagulability in lung cancer. 

Mechanism Key Features Clinical Impact 

Tumor-derived 

procoagulants 

Tissue factor (TF) expression, 

microparticle release 

Initiation of coagulation cascade, 

increased VTE risk 

Inflammatory 

cytokines 

IL-6, TNF-α, IL-1β upregulation; 

PAI-1 elevation 

Enhanced thrombin generation, 

suppressed fibrinolysis 
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Endothelial 

dysfunction 

↓ Thrombomodulin/tPA; ↑ E-

selectin, ICAM-1 

Promotes leukocyte and platelet 

adhesion, vascular inflammation 

Platelet activation 
Tumor–platelet interaction, VEGF-

mediated stimulation 

Platelet aggregation, tumor 

protection, immune evasion 

Autoimmune 

features (LA) 

Prolonged aPTT, lupus 

anticoagulant, antiphospholipid 

antibodies 

Diagnostic complexity; risk of 

both thrombosis and bleeding 

Treatment-related 

factors 

Chemotherapy, immunotherapy, 

surgery 

Exacerbates hypercoagulability, 

increases thrombotic/bleeding 

risk 

3. Diagnostic Strategies in Cancer-Associated Coagulopathy 

Timely diagnosis of coagulation abnormalities in lung cancer patients is critical to reducing 

morbidity and optimizing therapeutic decisions. A comprehensive approach, combining laboratory 

studies, biomarker evaluation, and imaging, is essential for detecting both thrombotic and bleeding 

risks. 

3.1. Laboratory Assessment 

Initial laboratory testing should include prothrombin time (PT), activated partial thromboplastin 

time (aPTT), fibrinogen levels, D-dimer, complete blood count (CBC), and peripheral blood smear. In 

patients with prolonged aPTT in the setting of thrombosis, lupus anticoagulant (LA) or acquired 

coagulation inhibitors should be considered [8,14]. 

Mixing studies are essential to differentiate between factor deficiencies and inhibitors. If the 

aPTT normalizes upon mixing with normal plasma, a deficiency is likely; persistent prolongation 

suggests the presence of an inhibitor [15]. 

In cases of suspected acquired hemophilia (e.g., anti-Factor VIII or IX), the Bethesda assay 

quantifies inhibitor activity and guides treatment [19]. These assays are particularly important in lung 

cancer patients with bleeding of unknown origin, where prompt identification of an inhibitor can be 

lifesaving. 

3.2. Biomarker Evaluation 

D-dimer is a nonspecific but sensitive marker for thrombosis and is often elevated in cancer 

patients. Elevated fibrinogen and soluble P-selectin levels have also been associated with increased 

thrombotic risk and worse prognosis in lung cancer [16,22]. 

The Khorana score, which incorporates clinical and laboratory variables (e.g., cancer type, 

platelet count, hemoglobin, leukocyte count, BMI), remains a widely used tool for VTE risk 

stratification in oncology [10]. Although its predictive value is higher in gastrointestinal and 

pancreatic cancers, it still provides a useful baseline risk estimate in lung cancer [23]. 

Emerging biomarkers, including microparticle-associated tissue factor activity and NETs 

(neutrophil extracellular traps), may offer enhanced predictive accuracy in the future but are not yet 

standard in routine practice [24]. 

3.3. Imaging Modalities 

Imaging remains the gold standard for confirming thrombotic events. Compression 

ultrasonography is preferred for diagnosing deep vein thrombosis (DVT), while computed 

tomography pulmonary angiography (CTPA) is the most accurate method for detecting pulmonary 

embolism (PE) [25]. 

In patients presenting with unexplained thrombocytopenia or bleeding, contrast-enhanced CT 

or magnetic resonance imaging (MRI) may help identify tumor infiltration, hemorrhagic 

transformation, or metastasis-related complications. 
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Given the dynamic course of cancer-associated coagulopathy, repeat imaging may be warranted 

in patients with new or worsening symptoms despite anticoagulation. 

4. Management of Coagulation Abnormalities 

The management of coagulation disorders in lung cancer involves balancing the prevention and 

treatment of thrombotic events against the risk of bleeding, particularly in patients with underlying 

coagulopathies or treatment-related complications. Clinical decision-making must be personalized, 

taking into account cancer stage, performance status, renal and hepatic function, platelet count, and 

concomitant therapies. 

4.1. Anticoagulation in Lung Cancer 

Low-molecular-weight heparins (LMWHs) remain the first-line treatment for cancer-associated 

thrombosis (CAT) due to their efficacy, predictable pharmacokinetics, and minimal drug interactions 

[19,26]. LMWH is particularly suitable for patients’ undergoing chemotherapy or those with 

fluctuating renal or hepatic function. 

Direct oral anticoagulants (DOACs), such as apixaban and edoxaban, have demonstrated non-

inferiority to LMWH in recent trials [20,27]. However, they must be used with caution in patients 

with gastrointestinal or genitourinary tumors, mucosal lesions, or high bleeding risk. In lung cancer, 

DOACs can be considered in selected patients with adequate platelet counts (>50,000/µL) and 

preserved organ function. 

Warfarin is generally discouraged due to its narrow therapeutic window, variable metabolism, 

dietary interactions, and frequent INR monitoring requirements. However, it may still have a role in 

resource-limited settings or for patients with contraindications to other agents. 

Prophylactic anticoagulation may be considered in hospitalized or high-risk ambulatory 

patients with lung cancer, particularly those with elevated Khorana scores or elevated D-dimer levels 

[23]. 

4.2. Management of Acquired Coagulation Inhibitors 

Acquired inhibitors of coagulation, such as anti-Factor VIII or IX antibodies, can cause severe 

and spontaneous bleeding. In lung cancer, these events are rare but potentially fatal. Management 

includes both control of bleeding and eradication of the inhibitor [15,28]. 

Acute bleeding is typically treated with bypassing agents such as activated prothrombin 

complex concentrates (aPCC) or recombinant activated factor VII (rFVIIa). Immunosuppressive 

therapy—comprising corticosteroids, rituximab, cyclophosphamide, or combinations thereof—is the 

mainstay for inhibitor eradication [29]. 

Coordination between oncology and hematology teams is essential, as immunosuppressive 

regimens may impact cancer control and infection risk. 

4.3. Multidisciplinary Monitoring and Follow-Up 

Given the evolving nature of cancer-associated coagulopathy, continuous reassessment is 

necessary. Regular monitoring of coagulation parameters, platelet counts, renal and liver function, 

and signs of bleeding or thrombosis should be integrated into the patient’s oncology follow-up [6,30]. 

A multidisciplinary approach, involving oncologists, hematologists, internists, pharmacists, and 

critical care teams (when needed), is strongly recommended for complex cases—especially those with 

concurrent thrombosis and hemorrhage. 

Early identification of high-risk patients and proactive management strategies can improve 

outcomes and reduce unplanned hospitalizations, treatment interruptions, and mortality. 

5. Conclusion and Future Directions 
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Coagulation abnormalities in lung cancer are the result of a complex interplay between 

malignancy-associated procoagulant activity, systemic inflammation, immune dysregulation, 

endothelial injury, and treatment-related effects. These disruptions manifest primarily as venous 

thromboembolism (VTE), but may also include hemorrhagic complications, particularly in patients 

with acquired coagulation inhibitors or thrombocytopenia. 

Beyond their immediate clinical consequences, coagulation disorders may reflect tumor biology 

and influence prognosis, making their early recognition and management essential components of 

oncologic care. Advances in diagnostic tools, including targeted biomarker evaluation and functional 

coagulation assays, have enhanced our ability to stratify risk and personalize therapy. 

Looking ahead, research should focus on integrating molecular profiling, inflammatory 

markers, and coagulation parameters into comprehensive risk models. Trials assessing 

anticoagulation in patients with autoimmune markers or coagulation inhibitors are needed, as are 

strategies targeting tissue factor expression or platelet–tumor cell interactions. 

Ultimately, multidisciplinary collaboration will remain central to navigating this complex 

terrain. A patient-centered approach, supported by evolving scientific insights and clinical vigilance, 

can help mitigate thrombohemorrhagic risks and improve outcomes for individuals with lung cancer. 

5.1. Clinical Integration: Practical Recommendations 

Routine screening for thrombotic risk factors, including D-dimer and Khorana score, should be 

considered at diagnosis and during treatment planning. 

Mixing studies and lupus anticoagulant testing should be performed in patients with prolonged 

aPTT, particularly if thrombosis or bleeding is present. 

Anticoagulant selection must be individualized. LMWH remains the standard, but DOACs are 

suitable for select patients with low bleeding risk. 

Inhibitor-related bleeding requires rapid hematology consultation and access to bypassing 

agents and immunosuppression. 

Multidisciplinary coordination (oncology, hematology, pharmacy) is vital, especially in complex 

or critically ill cases. 

Patient education on symptoms of thrombosis and bleeding should be an integral part of cancer 

care. 
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The following abbreviations are used in this manuscript: 

VTE venous thromboembolism 

DVT deep vein thrombosis 
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PE pulmonary embolism 

CAT cancer-associated thrombosis 
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