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Simple Summary: Thrombotic events are a common problem for lung cancer patients. Compared to
other types of cancer, lung cancer patients are more likely to experience blood clots at any stage of their
disease. Some newer cancer treatments, like immunotherapy, can also raise the risk of thrombosis.
Two different categories of drugs that prevent the formation of blood clots, low-molecular-weight
heparins (LMWHs) and direct oral anticoagulants (DOACs), have similar benefits in walking patients.
The choice of which drug to use and when should be personalized based on the characteristics of
the patient, the type of lung cancer, as well as recent treatments, such as surgery, chemotherapy or
immunotherapy. The use of models that aim to predict the risk of blood clots for each patient may
help physicians choose when to start treatment with anticoagulation drugs.

Abstract: Cancer-associated thrombosis (CAT) is a common complication in lung cancer patients.
Lung cancer confers an increased risk of thrombosis compared to other solid malignancies across all
stages of the disease. Newer treatment agents, including checkpoint immunotherapy and targeted
agents, may further increase the risk of CAT. Different risk-assessment models, such as the Khorana
Risk Score, and newer approaches that incorporate genetic risk factors have been used in lung cancer
patients to evaluate the risk of thrombosis. The management of CAT is based on the results of large
prospective trials, which show similar benefits to low-molecular-weight heparins (LMWHs) and
direct oral anticoagulants (DOACs) in ambulatory patients. The anticoagulation agent and duration
of therapy should be personalized according to lung cancer stage and histology, the presence of driver
mutations and use of antineoplastic therapy, including recent curative lung surgery, chemotherapy or
immunotherapy. Treatment options should be evaluated in the context of the COVID-19 pandemic,
which has been shown to impact the thrombotic risk in cancer patients. This review focuses on the
epidemiology, pathophysiology, risk factors, novel predictive scores and management of CAT in
patients with active lung cancer, with a focus on immune checkpoint inhibitors.
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1. Introduction

Venous thromboembolism (VTE) represents a common but challenging disease en-
tity in cancer patients. Approximately 10% of patients with cancer will develop cancer-
associated thrombosis (CAT) each year [1]. Cancer represents a hypercoagulable and
prothrombotic state, since irregularities may be observed in all elements of the Virchow’s
triad: blood flow stasis, endothelial injury, and hypercoagulability [2].

The risk of VTE in cancer patients is 9 times higher than in the general population [3].
CAT is a major cause of death in cancer patients, as the mortality rate of people with cancer
with CAT is 2- to 3-fold higher compared with those without CAT [4]. The risk of CAT is
dependent on multiple factors, including cancer type, treatment modality, disease stage
and time since diagnosis [1], with lung cancer patients being at a high risk of developing
CAT. Up to one-fifth of lung cancer (LC) patients may be diagnosed with CAT during the
natural history of the disease [5].

Different factors have been implicated in the development of CAT, including ab-
normalities in platelet count and function, increased expression of prothrombotic genes
(particularly tissue factors), the circulation of tumor cells and cancer-associated micropar-
ticles, as well as consistent activation of the coagulation pathway [6,7]. Specifically in
LC, increased levels of leukocytes, the generation of neutrophil extracellular traps (NETs),
tissue factor-positive (TF+) microvesicles (MVs) and endothelial cell activation have been
associated with CAT [8,9]. Furthermore, it was recently shown that LC patients demon-
strate blood hypercoagulability characterized by decreased procoagulant phospholipid-
dependent (Procoag-PPL) clotting time, the increased degradation of fibrin and exhausted
platelets [9]. Interestingly, the ROADMAP-CAT study provided data suggesting that en-
dothelial cell activation is among the dominant pathophysiological alterations in patients
with lung adenocarcinoma [9].

In this review, we summarize advances in the management of CAT in LC patients
including risk factors associated with thrombosis and bleeding, and the thrombotic risk
attributed to antineoplastic agents used for the treatment of LC, with a focus on immune
checkpoint inhibitors. Also, we discuss practical choices between the drugs available for
long-term dynamic antithrombotic management, linked to their pharmacology, evidence of
clinical benefits, and advantages and limitations in such a complex clinical context, to aid
clinical decision-making that improves the care of patients with lung cancer.

2. Why Do Lung Cancer Patients Have a High Thrombotic Burden?

Multiple factors account for the increased incidence of CAT in LC patients, and can
be divided into two categories: individual patient- and cancer-associated factors [2,10].
Regarding the individual patient-related factors, the impact of age and sex is not clearly de-
fined [2,11–13]. Co-morbidities such as anemia, obesity and chronic obstructive pulmonary
disease (COPD) have been found to increase the VTE risk in LC patients; however, the ef-
fects of diabetes, hypertension, pulmonary tuberculosis and cardiovascular disease are not
established [12]. Immobilization (can be evaluated clinically by the performance status) is
also a significant risk factor, while the effect of smoking appears to be non-significant [2,12].
Regarding the cancer-related factors, these can be further divided into factors that are
associated with the tumor itself or with the anticancer treatment [2,12,13] (Figure 1). LC
is usually diagnosed in the advanced or metastatic disease stage [14], which is known
to confer an increased risk of thrombosis [15]. The association of locally advanced or
metastatic disease and VTE in LC patients has been demonstrated in large-cohort studies
(locally advanced stage, adjusted HR: 2.9 (95% CI: 2.3–3.5), p < 0.001; metastatic stage,
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adjusted HR: 2.5 (95% CI:2.3–2.7), p < 0.001) [16]. VTE occurrence remains an important
predictor for early mortality in metastatic NSCLC patients [17].
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The role of circulating tumor cells (CTCs) in promoting CAT in LC patients is currently
under investigation [18]. Computational models based on lung cancer patients have
demonstrated the potential role of CTCs in reducing blood flow and the generation of
thrombi in the lung vasculature [19]. These models were validated in a recent postmortem
study, in which cancer cell clusters were detected in the majority of patients with pulmonary
thrombosis [20].

Time since LC diagnosis is an important risk factor in CAT, as most thromboembolic
events in patients with LC undergoing chemotherapy tend to occur within 6 months of
diagnosis [5], for a 6.8% overall incidence of thromboembolic events and a median time to
VTE event of 49 days [21]. Almost half of the VTE events occur in the first 3 months, and in
approximately one-third of LC patients, VTE occurs within the first month of diagnosis [16].

Mucin-producing adenocarcinomas represent the histology most commonly associated
with VTE in LC [22], demonstrating a three-fold higher risk (incidence: 66.7/1000 person-
years) than patients with squamous cell carcinoma of the lung (incidence: 21.2/1000 person-
years). A large-cohort study comprising 10,598 individuals with LC after a long follow-up
of 14 years revealed that the adenocarcinoma subtype was an independent risk factor of
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VTE [23]. Increased microvesicular tissue factor activity has been detected in patients
with adenocarcinoma, and this may be implicated in the higher rate of thrombosis for this
histologic type [24]. Tumor grade may also play a role in the development of thrombosis,
as patients with high-grade tumors are approximately twice as likely to develop CAT
within 6 months [25]. A recent prospective trial of lung cancer patients demonstrated a
trend towards a higher risk of VTE in patients with higher-grade tumors, although this
association was not statistically significant after multivariate analysis [16].

The interaction between driver mutations and the risk of CAT is complex. The Cal-
ifornia Cancer Registry [26] identified an increased thromboembolic risk in ALK+ and
ROS1+ NSCLC. In a recent meta-analysis and systematic review of eight studies, the pooled
OR was 2.10 (95% CI: 1.70–2.60) for ALK+ NSCLC and 3.15 (95% CI: 1.83–5.43) for ROS1+
NSCLC [27]. A similar association has been shown in LC patients with KRAS mutations in a
small case–control study [28]. In contrast, EGFR mutations have not been shown to increase
the risk of CAT and may have a protective role [29]. The presence of driver mutations with
anti-thrombotic effects may account for the lower risk of CAT in never-smokers with lung
adenocarcinoma, a cohort associated with the presence of driver mutations, as has been
demonstrated in some observational studies [16]. Larger prospective studies are required to
further elucidate the effects of driver mutations on thrombotic risk in LC patients (Table 1).

Table 1. The role of driver mutations in NSCLC in the development of CAT, adapted from [29].

Molecular Alteration CAT Incidence Effect on CAT Risk

ALK rearrangement 26.9–47.1% 2.2–5 times increase

ROS1 rearrangement 34.6–41.6% 3–5 times increase

KRAS mutation 16.1–54% 2.67 times increase

EGFR mutation 9–35% Conflicting results

Various molecular mechanisms have been suggested to address the high VTE inci-
dence rate among LC patients [2,10] (Figure 1). These mechanisms can be either direct or
indirect [2]. Direct mechanisms include the release of procoagulant factors from the tumor
itself, which directly activate the thrombosis cascade [2,13]. These factors include: tissue
factor, microparticles, cancer procoagulant, heparinase, and other inflammatory factors
and cytokines [2,10,13,30]. Indirect mechanisms include the interaction and activation
of host cells (endothelial or inflammation cells), which can also activate the coagulation
cascade through various mechanisms (e.g., release of procoagulants, such as tissue fac-
tor) [2,10]. In the case of immunotherapy, additional immune-related mechanisms may be
present, similar to those responsible for the other ICI-related adverse events (e.g., colitis,
pneumonitis, etc.) [31].

3. Thrombotic Risk Is Related to Antineoplastic Treatment

Cancer patients undergoing systemic treatment for their malignancy are among the
highest-risk populations for CAT. The effect of antineoplastic therapy on the overall inci-
dence of CAT is complex, as while systemic treatment may increase the risk of thrombosis,
the risk of CAT is reduced when tumor response is achieved [32]. Chemotherapy has been
identified as an independent risk factor for CAT events in patients with LC [23,28,33,34].
The real-life incidence of CAT in patients with LC receiving chemotherapy has been re-
ported as 14.1% at six months after the start of chemotherapy [35]. The risk of CAT is
not consistent among all cytotoxic agents, including agents with the same mechanism
of action [32]. In particular, platinum-based chemotherapy, which is widely used in LC
patients, may increase the incidence of CAT. A retrospective analysis by the Memorial
Sloan Kettering Cancer Center found that 18.1% of cancer patients developed thrombosis
during cisplatin treatment within 4 weeks after chemotherapy [34]. Different mechanisms
have been implicated in the development of chemotherapy-induced thrombosis, including
direct endothelial damage and increased tissue factor activity [36]. The exact mechanisms
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of thrombosis for carboplatin and cisplatin, which are widely used in the treatment of LC,
have yet to be determined [37].

LC patients with driver mutations receiving targeted therapies are also at a high risk
of CAT [38]. However, as some driver mutations in LC have also been associated with an
increase in risk (ALK, ROS1), it has not been established if the use of targeted agents has a
beneficial or deleterious effect on the risk of CAT [29]. A recent retrospective cohort study
suggested that the use of TKIs does not increase the risk of thrombosis, as the initiation of
targeted therapy is not associated with an increased risk of CAT [39]. The mechanism of
targeted therapy-induced thrombosis may be different depending on the type of agent used.
The use of anti-vascular endothelial growth factor (VEGF) agents in advanced NSCLC has
been associated with an increased risk of high-grade arterial thromboembolism, but not
VTE [40]. The risk of CAT in patients receiving a combination treatment with targeted
agents may be increased [41].

CAT represents a major contributor to morbidity and mortality in patients with early
and locally advanced LC receiving treatment with curative intent [42]. Even in early stages,
LC patients are in a hypercoagulable state characterized by the increased generation of
thrombin and phosphatidylserine expressing platelet-derived microparticles (Pd-MP/PS+).
This hypercoagulable state is not sufficiently corrected after lung lobectomy [43]. Locally
advanced disease, requiring open and more extensive resections, has been associated with
an increased risk of CAT, which doubles the risk of 1-year mortality in this population [42].
The use of radiotherapy has also been shown to increase the risk of CAT in LC patients [22].

Supportive treatments, including the use of red blood cell (RBC) transfusions, erythro-
poietin stimulating agents (ESAs) and central venous catheters (CVC), have been associated
with CAT [44]. However, in a retrospective analysis of CAT trends in chemotherapy-
induced anemia, the use of RBC transfusions or ESAs did not alter the risk of thrombosis
in LC patients [45]. In contrast, CVC-related thrombosis (CRT) is a common complication
in patients with indwelling central venous access devices. The widespread use of CVC in
LC patients has altered the clinical presentation of CAT, including by increasing the rate of
DVT in the upper extremities.

Immune Checkpoint Blockade

The introduction of immune checkpoint inhibitors has altered the treatment landscape
of LC, with demonstrably large benefits in overall survival but largely unknown effects
on the risk of CAT. CAT is common in cancer patients receiving immunotherapy either
as single-agent or combination regimens [46]. Lung cancer patients receiving immune
checkpoint inhibitors may demonstrate a similar or higher risk of CAT compared to patients
receiving chemotherapy, with the highest risk group being patients receiving combinations
of chemotherapy and immunotherapy [38,47]. The real-life incidence of CAT in LC patients
receiving therapy with immune checkpoint inhibitors is higher than 10% [48]. The use of
combination immunotherapy with PD-1 and CTLA-4 blockade may increase the risk of CAT
over PD-1 blockade alone (1-year incidence: 29.3% vs. 9.1–14.9%, p < 0.05) [49]. Pulmonary
embolism is the cause of a significant proportion of CAT events in patients receiving
immunotherapy [48]. CAT may be associated with higher mortality in this population,
although this effect has not been consistently demonstrated across all studies [50].

The interplay between thrombosis and immune response, also described as im-
munothrombosis, has been well-established, most recently in patients with uncontrolled
immune activation caused by COVID-19 [51]. In cancer patients, the formation of altered
cell components during carcinogenesis that trigger the activation of innate immunity may
promote immune-mediate thrombosis [52]. This process has been suggested to promote
immune evasion and to inhibit the response to immune checkpoint blockade in cancer
patients by altering T cell responses [53]. Furthermore, the development of fibrin clots
alters the tumor immune microenvironment and may further inhibit immune response
by presenting a physical barrier for infiltrating immune cells [54]. On the other hand,
sustained inflammation has been associated with CAT and tumor metastasis in preclinical
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lung cancer models, including by the formation of neutrophil extracellular traps [55], which
have been implicated in venous and arterial thrombosis as a response to inflammation [56].
Other suggested mechanisms of immunothrombosis in LC patients include the formation
of platelet-T cell aggregates and the increased expression of tissue factors in circulating
monocytes [20,57].

The exact mechanism for the development of CAT in LC patients receiving checkpoint
immunotherapy has not been established. Factors supporting the inflammatory theory of
thrombosis in patients receiving immune checkpoint inhibitors include the increased risk
of thrombosis in patients receiving combination immunotherapy or experiencing immune-
related adverse events, as well as correlations between CAT and inflammatory biomarkers
such as C-reactive protein, interleukin-8 and myeloid-derived suppressor cells [49,58,59].
The PD-1/PD-L1 axis may also be directly involved, as PD-L1 positivity has been associated
with an increased risk of VTE [60]. The potential mechanisms of immunothrombosis in LC
are summarized in Table 2.

Table 2. Proposed mechanisms of immunothrombosis in LC patients.

Interaction of Thrombosis with Immune Response Interaction of Immune Response with Thrombosis

Immune invasion Neutrophil extracellular traps

Diminished T-cell response Platelet T-cell aggregates

Altered tumor immune microenvironment Tissue factor-positive monocytes

Therapeutic anticoagulation has not been shown to improve response rates or survival
outcomes in patients receiving checkpoint inhibitors [61]. In a study of lung cancer patients
receiving checkpoint immunotherapy, the use of anticoagulation at baseline demonstrated
a trend towards worse survival, although this may be explained by the worse clinical
status of patients that required anticoagulation [62]. Novel therapeutic strategies targeting
immunothrombosis have been developed, including agents that suppress complement
activation, which has been associated with CAT [53]. The combination of PD-1 blockade
and AON-D21, an inhibitor of the complement factor C5a, has shown promise in preclinical
lung cancer models [63]. However, this strategy is not yet ready to enter clinical practice.
In STELLAR-001, a phase I trial of avdoralimab, a monoclonal antibody that inhibits
the binding of C5a to the receptor C5aR1, in combination with durvalumab, a PD-L1
inhibitor, the combination therapy demonstrated limited clinical activity, with no responses
observed in NSCLC patients that had previously received immunotherapy, and the trial
was terminated early [64].

4. Risk Assessment Models (RAMs) for Cancer-Associated Thrombosis

The first RAM for CAT in outpatients with solid tumors, the Khorana Risk Score (KRS),
was presented by Khorana et al. in 2008 [65]. The predictors of the KRS include the tumor
type dichotomized to very high-risk cancers (stomach, pancreas) and high-risk cancers
(lung, lymphoma, gynecologic, bladder, testicular, renal). The KRS also includes the body
mass index as a patient-related factor. Lastly, the KRS includes hematological markers
(pre-chemotherapy levels of hemoglobin, platelets and white blood cell count) that are
non-specific for blood hypercoagulability. The original KRS has been derived and validated
to evaluate VTE risk in outpatients before the initiation of chemotherapy [66]. The KRS
may also be useful in hospitalized cancer patients. In a study by Patell et al., patients with
a high KRS (≥3) were significantly more likely to develop VTE during hospitalization than
patients with a low KRS (multivariable OR, 2.52; 95% CI, 1.31 to 4.86). Similar results were
reported in a multicenter retrospective study of 1398 hospitalized patients [67,68]. In this
analysis, in-hospital VTE occurred in 5.4% (95% CI, 1.9% to 8.9%) of high-risk patients, 3.2%
(95% CI, 2.0% to 4.4%) of intermediate-risk patients, and 1.4% (95% CI, 0.3% to 2.6%) of
low-risk patients (OR for high- low-risk patients, 3.9; 95% CI, 1.4 to 11.2).
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However, the KRS has several limitations as a predictive and prognostic tool in clinical
practice. In a recent multicenter prospective observational study in Japan, the KRS was
evaluated in 1008 patients with advanced lung cancer, of whom 10% developed CAT. VTE
risk could not be determined because both the Khorana score and modified Khorana score,
based on BMI targets adjusted for the Asian population, showed very low areas under the
curve (0.518 and 0.516, respectively) [69]. This result was replicated in a large systematic
review and meta-analysis of 55 cohorts, where the KRS was of limited use for predicting
future risk of CAT in LC patients [66]. Furthermore, the CASSINI study, a double-blind,
randomized trial involving 1080 high-risk ambulatory patients with cancer (KRS of ≥2, on
a scale from 0 to 6) who received either rivaroxaban or placebo for up to 6 months, did not
demonstrate any significant decrease in 6-month symptomatic VTE rate in the treatment
group (6%) versus the control group (8.8%; hazard ratio, 0.66; 95% confidence interval (CI),
0.40 to 1.09; p = 0.10) [70]. In contrast, AVERT, a double-blind trial of apixaban designed
similarly to CASSINI, showed a significantly reduced 6-month rate of VTE (4.2%) in the
apixaban group as compared to the placebo group (10.2%; hazard ratio, 0.41; 95%; CI = 0.26
to 0.65; p < 0.001) [71].

The aforementioned limitations of the KRS have led to the development of other
RAMs, derived from prospective observational studies, although none of them have been
externally validated in cancer patients as extensively as KRS. The clinical, biochemical
and genetic criteria used for the assessment of thrombotic risk in the different RAMs are
summarized in Table 3.
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Table 3. Risk assessment models for cancer-associated thrombosis. Score criteria are
provided where appropriate. Abbreviations: BC—breast cancer; CAT—cancer-associated
thrombosis; ChT—chemotherapy; Hb—hemoglobin; KRS—Khorana risk score; VTE—venous throm-
boembolism; WBC—white blood cell. Cardiovascular risk is defined as at least 2 of the following:
peripheral artery disease, ischemic stroke, coronary artery disease, hypertension, hyperlipidemia,
diabetes, obesity.

Criteria KRS Vienna-
CATS CONKO ONCOTEV PROTECHT COMPASS-

CAT

Very high-risk tumor
(stomach, pancreas) 2 2 2 2

High-risk tumor (lung, lymphoma, gynecologic,
bladder, testicular) 1 1 1 1

Pre-ChT platelet count ≥ 350 × 109/L 1 1 1 1 2

Hb ≤ 100 g/L or use of red cell growth factors 1 1 1 1

Pre-ChT WBC ≤ 11 × 109/L 1 1 1 1

BMI ≥ 35 kg/m2 or more 1 1 1 1

D-dimer > 1.44 µg/L 1

Soluble P-Selectin > 53.1 ng/L 1

WHO performance status ≥ 2 1

Gemcitabine ChT 1

Platinum-based ChT 1

KRS > 2 1

Previous VTE 1 1

Metastatic disease 1

Vascular/lymphatic macroscopic compression 1

Anti-hormonal therapy for BC or anthracycline
ChT 6

Time since cancer diagnosis
≤6 months 4

Central venous catheter 3

Advanced disease 2

Table 3. Cont.

Criteria KRS Vienna-
CATS CONKO ONCOTEV PROTECHT COMPASS-

CAT

Cardiovascular risk 5

Recent hospitalization for acute medical
illness 5

Low 0 0 0 0 0
0–6

Intermediate 1–2 1–2 1–2 1 1–2

High ≥3 ≥3 ≥3 ≥2 ≥3 ≥7

5. Evaluation of the Bleeding Risk

Bleeding is a significant challenge for patients with advanced solid tumors, with
approximately 10% of all cancer patients having at least one episode [72]. Hemoptysis
is among the most common respiratory symptoms in LC, and approximately 20–60% of
patients with LC will experience some degree of hemoptysis during the natural history of
the disease [73–75]. In total, 5–10% of episodes of hemoptysis are considered severe (blood
loss > 100 mL/day), and without timely management, the mortality rate exceeds 50%.
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Chemotherapy-induced thrombocytopenia (CIT) (defined as platelet count < 100 × 109/L)
can delay antineoplastic treatments or surgical procedures, while increasing the likelihood
of serious bleeding events eventually resulting in hospitalization [76]. Importantly, while
thrombopenia increases the risk of bleeding, it does not reduce the risk of CAT [77],
complicating the use of anticoagulation, as most RCTs that evaluate its benefits in CAT
exclude this patient population [78–81]. In addition, LC patients may develop organ
insufficiencies either as a result of their malignancy or from adverse effects of different
treatment modalities, including chemotherapy, immunotherapy and targeted therapy. In
particular, renal and hepatic insufficiency increase the risk of both CAT and bleeding, while
simultaneously affecting the pharmacokinetics of different anticoagulation agents [82–84].
Particularly for LC, squamous histology, vascular invasion, central location, and history of
hemoptysis are related to an increased risk of bleeding.

A careful and comprehensive evaluation of the patient with active LC and an indi-
vidualized approach tailored to the patient’s bleeding risk are key to the assessment and
management of anticoagulation for CAT. In particular, clinicians should assess:

i. The particular characteristics of LC in the evaluated patient, including lung cancer
histology, the stage and resectability of the disease, the invasion of large vessels, the
presence of active brain metastases, the response to antineoplastic treatment and
the presence of cancer cachexia;

ii. The medications of the patient, including present antineoplastic and anticoagulation
therapy and possible drug–drug interactions;

iii. The personal history of bleeding or thrombosis;
iv. The existence of comorbidities that exacerbate the risk of bleeding or CAT, including

thrombopenia, renal or hepatic insufficiency, gastrointestinal and other disorders,
as well as the expected duration and potential reversibility;

v. The prognosis of the disease, the intent of treatment (curative or palliative) and
patient preferences

Based on this individualized approach, clinicians should consider the appropriate
anticoagulation strategy for each patient. In most cases, it is reasonable to offer low-
molecular-weight heparin (LMWH), adjusted based on the anti-Xa activity level according
to the risk of thrombus progression. Severe thrombocytopenia (platelet count < 50 × 109/L)
is not considered an absolute contraindication to full-dose anticoagulation in combination
with appropriate supportive care strategies that include platelet transfusions and bleeding
management. In general, anticoagulation should only be discontinued when the risk of
bleeding is very high (e.g., active bleeding, platelet count < 25 × 109/L, acute hepatitis,
uncontrolled hypertension, acute stroke, etc.) [85].

6. Considerations when Choosing the Optimal Anticoagulant

At this point in time, the benefit of anticoagulation in CAT is well established. Large
meta-analyses of RCTs of ambulatory patients that included LC patients have shown that
both LMWHs and direct-acting oral anticoagulants (DOACs) confer an approximate 50%
reduction in the risk of CAT without increasing the risk of major bleeding [86,87], and
therefore are reasonable options. In LC patients at higher risk of bleeding (squamous
histology, vascular invasion, central location, history of hemoptysis), it is reasonable to
prefer LMWHs over DOACs due to the potentially lower risk of bleeding, based on indirect
evidence [78]. Regardless of the specific agent chosen, patients at high risk of CAT should
receive prophylactic anticoagulation for at least 6 months, with treatment beyond 6 months
being a reasonable option for individual patients at very high risk of CAT [88]. In patients
hospitalized for an acute medical illness, LMWHs should be preferred, as DOACs are
associated with an increased risk of bleeding in this setting [88]. Vitamin K antagonists are
less effective in reducing the risk of CAT and should be considered a second-line option
for prophylaxis in patients ineligible for treatment with LMWHs or DOACs [89]. As the
benefits and risks of different anticoagulation agents are similar in many cases, the selection
of the optimal treatment strategy for the management of CAT should be individualized,
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based on the risk of thrombosis and bleeding, the potential for drug–drug interactions
(DDIs), polypharmacy and patient preferences.

Polypharmacy, defined as the use of five or more medications, is common in patients
with cancer, who are often treated with multiple antineoplastic and supportive therapies.
The risk of major DDIs in cancer patients increases linearly from 14% in patients receiving
less than four medications to 67% in patients receiving more than 11 medications [90].
Furthermore, the use of two or more medications has been associated with an increased
risk of major bleeding in patients receiving anticoagulation for VTE or atrial fibrillation [91].
It is thus important to evaluate the potential for drug–drug interactions when selecting the
appropriate anticoagulation therapy for CAT. All DOACs are substrates of P-glycoprotein
and cytochrome P450, so therapies that affect P-glycoprotein or CYP3A4 metabolism have
the potential to interact with DOACs [92]. Numerous anticancer therapies are inhibitors or
inducers of the P-glycoprotein and/or CYP3A4 pathways, with the potential to interact
with DOACs [93]. LC therapies with the potential for DDIs with DOACs, along with their
bleeding, gastrointestinal and hematological implications, are depicted in Supplementary
Table S1. Despite fewer interactions with DOACs, physicians need to also consider the phar-
macokinetic DDIs of supportive care drugs and comorbidities when prescribing DOACs.
On the other hand, there is little risk of pharmacokinetic DDIs with LMWHs [83]. The
potential DDIs of supportive oncology care drugs are depicted in Table 4.

Table 4. Potential interactions of supportive oncology care agents [93,94]. Abbreviations: ESA,
erythropoiesis-stimulating agent; G-CSF, granulocyte colony-stimulating factor; P-gp, P-glycoprotein.

Category Agent CYP3A4 Interactions P-gp Interactions

Corticosteroids

Dexamethasone Strong inducer and substrate No

Prednisolone Moderate inducer and
substrate Inhibitor and Substrate
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Table 4. Cont.

Category Agent CYP3A4 Interactions P-gp Interactions

Bisphosphonates and Denosumab
Zoledronic acid No No

Denosumab No No

Antiemetics

Ondansetron Substrate Substrate

Palonosetron Substrate No

Metoclopramide No No

Aprepitant Moderate inhibitor and
substrate No

Fosaprepitant Moderate inhibitor and
substrate No

Analgesics and anxiolytics

Oxycodone Substrate No

Hydromorphone No No

Morphine No No

Fentanyl Weak inhibitor and substrate No

Paracetamol Weak inhibitor and substrate No

Lorazepam No No

Clonazepam Substrate No

G-CSF Filgrastim No No

ESA
Epoetin alfa/beta No No

Darbepoetin alfa No No

Given the potential for DDIs with DOACs, clinicians should consider the use of
LMWHs in cases of polypharmacy, where appropriate. In all cases with a moderate to high
risk of DDI, it is recommended that patients with CAT be referred for a pharmacist-led
drug interaction evaluation, which should be repeated if lung cancer management changes.

In most cases where alterations in anticoagulant pharmacokinetics are likely (e.g., im-
paired renal function, obesity), LMWHs may be preferred over DOACs due to the lack
of safety data for DOACs in this population, as well as the ability to titrate the dose of
LMWHs based on anti-Xa activity [85]. Patient preferences should also be considered when
choosing the optimal anticoagulation agent, as most patients are not able to adhere to
LMWHs for a 3- or 6-month duration of treatment, in contrast to DOACs [95].

7. Diagnosis of Lung Cancer-Associated Thrombosis

Incidental CAT (ICAT) refers to DVT or PE that is clinically unsuspected at the time
of the diagnosis [96]. Although IPE may be asymptomatic, nearly 2/3 of the affected
patients report symptoms consistent with PE, such as fatigue or shortness of breath [97,98].
These non-specific symptoms are often attributed to cancer or to side effects of treatment.
The discovery of incidental PE (IPE) tends to be radiologist (observer)-dependent [99].
Several studies that reassessed routine CT scans of cancer patients for IPE have reported
false-negative rates ranging from 30% to 75% [100–103]. Up to half of all CAT events
diagnosed in oncology centers are incidental [104–108]. ICAT has been associated with
significantly reduced median overall survival and a high risk of recurrent CAT even when
receiving anticoagulant treatment [99,106,109,110]. International clinical practice guidelines
recommend standard anticoagulation, similar to symptomatic CAT [85,111,112].

8. Prophylaxis in the Surgical Setting

The incidence of CAT after LC surgery may be higher than previously suspected. A
systematic review of 19 studies including data from 10660 patients undergoing surgery
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for LC found that the incidence of CAT events may be up to 19% (mean 2%) [113]. Most
of the studies did not provide data regarding thromboprophylaxis strategy. Only five
studies reported the bleeding rate, which varied from 0.6 to 4.5% [113]. In another sys-
tematic review including 22 trials and 9072 patients, the overall mean risk of CAT was
estimated at 3.8% [114]. Finally, the incidence of postoperative CAT after thoracic surgery
in general has been estimated at between 0.4% and 51% for DVT and from <1% to 5%
for PE, with 2% of PE cases being fatal. Thoracic surgery patients must, therefore, be
considered at high risk of postoperative CAT [115] and should be offered pharmacologic
thromboprophylaxis [85,115,116]. Prophylaxis should be commenced preoperatively [115].
Extended prophylaxis with LMWH for up to 4 weeks postoperatively is recommended for
high-thrombotic-risk patients [112].

9. Prophylaxis in the Medical Setting

Hospitalized medical cancer patients are at high risk of developing CAT, a major
risk factor for in-hospital mortality [117]. Nearly half of real-world patients receiving
chemotherapy for metastatic NSCLC are hospitalized during their therapy [118]. Out of
570,304 LC hospitalizations, 20,672 (3.6%) had a clinically relevant diagnosis of CAT result-
ing in significantly longer length of stay, higher mortality, increased costs and increased risk
for moderate to severe disability upon discharge [119]. Hospitalized patients with active
LC and acute medical illness should be offered thromboprophylaxis. Thromboprophy-
laxis should not be offered to patients admitted for the sole purpose of minor procedures,
chemotherapy infusion or stem-cell/ bone marrow transplantation [112].

In ambulatory cancer patients, there is wide variability in the risk of symptomatic CAT,
based on different cancer types, cancer stages, and anti-cancer and supportive treatments,
as well as individual patient characteristics. Large studies with unselected cancer patients
undergoing anti-cancer treatment showed significant reductions in CAT by prophylactic
anticoagulation, but event rates and the absolute differences were low [70,71,120–124].
DOACs may be preferable to LMWH, as a result of their lower cost and easier route of
administration [124,125]. High-risk outpatients with active LC (Khorana score ≥2 before
starting a new systemic anticancer regimen) may be offered thromboprophylaxis with
apixaban, rivaroxaban, or LMWH [85,112].

10. Treatment of Lung Cancer-Associated Thrombosis

The treatment of CAT comes with a heightened risk of anticoagulant-related bleeding
that differs by choice of anticoagulant as well as by patient- and disease-specific risk factors.
LMWH has demonstrated improved outcomes compared with VKAs [126–132]. In RCTs
comparing VKAs with DOACs, cancer patients were under-represented [133–138]. A
meta-analysis pooling results from cancer patients in these trials [133–138] found a non-
significant reduction in the risk of recurrent CAT and major bleeding with DOACs vs.
VKAs [139]. A meta-analysis of six RCTs comparing the efficacy and safety of DOACs
vs. LMWHs [78–81,140,141] showed that DOACs are associated with a reduced risk of
recurrent CAT, without a significant difference in major bleeding [142]. While DOACs
have been associated with higher bleeding rates in gastrointestinal intraluminal tumors as
well as tumors of the genitourinary tract, this association has not been demonstrated in
LC [143]. DOACs or LMWHs should be used for most patients with CAT; VKA should be
used only if DOACs or LMWHs are inappropriate or unavailable [16–18,56–58]. LMWHs
may be preferred in patients with GI or GU intraluminal (particularly unresected) tumors.
At least six months of therapy is recommended [89,112,144,145]. Switching to an alternate
anticoagulant regimen or increasing the dose of LMWH is recommended for recurrent
CAT [89,112,144].

11. Special Populations

Evidence shows that some baseline characteristics and/or comorbidities might influ-
ence the risk of CAT or other CAT-related outcomes in patients with LC [85,146]. Older
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age is a controversial risk factor for CAT in LC patients, and further investigation is
needed [13,17,26,147]. Major comorbidities, including chronic obstructive pulmonary dis-
ease (COPD), chronic kidney disease and cardiovascular disease, as well as smoking and
obesity, may also increase the risk of CAT [16,38,148–153]. In a recent meta-analysis of
16 studies, the prevalence of PE was significantly higher among LC patients with COPD
history (OR =2.59; 95% CI, 1.09–6.15; p = 0.03) [149]. In a retrospective study including
632 patients with newly diagnosed LC, multivariable analysis found that hypertension was
significantly associated with CAT in different tumor histologies and stages [151]. In a study
including 950 LC patients, obesity significantly increased the risk for CAT (OR 2.40; 95% CI,
1.26–4.58) [150]. Concurrent atrial fibrillation has also been associated with CAT [154–156].
An individualized approach is key for the optimal management of anticoagulation in
patients with active cancer [157].

12. Lung Cancer, CAT and COVID-19

Patients with LC are vulnerable to coronavirus disease 2019 (COVID-19) with a high
risk of severe morbidity and mortality [158]. In January 2022, the National Lung Cancer
Audit reported on the negative impact of COVID-19 on LC diagnosis and treatment path-
ways within the NHS [159]. Both LC and COVID-19 are well-established risk factors for
CAT, with mechanisms involving the interaction of cancer cells or SARS-CoV-2 with the
coagulation system and the endothelial cells [160–162]. The incidences of CAT and arterial
thromboembolic events (ATE) in the COVID-19 and Cancer Consortium registry cohort
study were 7.6% and 3.9%, respectively [163]. In a study using national data from France
(n = 89,530 patients with COVID-19), patients with COVID-19 and cancer (n = 6201) had
a higher risk of complications compared to patients without cancer [163]. On the other
hand, some studies did not show a higher rate of thrombotic events in cancer patients with
COVID-19 compared to non-cancer patients [164,165], findings that can be attributed to the
heterogeneity in the diagnostic protocols across the studies.

Thromboprophylaxis for all hospitalized cancer patients with COVID-19 is recom-
mended [162,166–168]. Higher (therapeutic) doses of thromboprophylaxis are recom-
mended for high-thrombotic-risk, non-critically ill patients [169]; yet, this recommendation
has not been specifically investigated in cancer patients. The COVID-TE risk assessment
model could be useful to guide personalized clinical decisions [170]. Post-discharge pa-
tients with high CAT risk could receive thromboprophylaxis according to periodical re-
evaluations [162,169]. Individualized thromboprophylaxis could be suggested in cancer
outpatients with COVID-19 with a high CAT/disease worsening risk [162,169]. The treat-
ment for established CAT is similar to that for patients without COVID-19.

13. Conclusions

Cancer-associated thrombosis represents a major risk factor for morbidity and mortal-
ity in lung cancer patients. The risk of CAT depends on various factors, related to patients,
tumor characteristics and type of antineoplastic or supportive treatment.

New therapeutic approaches with direct oral anticoagulants (DOACs) for CAT have
been under evaluation in recent years, trying to offer an alternative to the “all comers”
use of low-molecular-weight heparins (LMWH). The use of DOACs for the prevention or
treatment of thrombotic events in ambulatory lung cancer patients should be individualized
by balancing the risk of bleeding and thrombosis in specific populations based on squamous
histology, recent surgery, vascular invasion, central location and history of hemoptysis.

The broad use of checkpoint inhibitors in combination with chemotherapy or novel
agents has altered the therapeutic landscape of metastatic, and recently also of operable, LC.
Thus, the need for rigorous research into their impact on hypercoagulation or the bleeding
risk of patients has become conspicuous. In addition, we should evaluate the effect of
COVID-19 infection as a separate risk factor. Physicians will face the challenge of improv-
ing the risk assessment models for CAT by focusing on tumor type, and incorporating
biomarkers including genetic or microRNA profiles.
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www.mdpi.com/article/10.3390/cancers16020450/s1, Table S1: Lung cancer therapies with potential
drug-drug interactions with direct oral anticoagulants (DOACs).
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