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Abstract: Pulmonary embolism and deep venous thrombosis are collectively referred to as venous thromboembolism, while
pulmonary embolism is generally caused by deep venous thrombosis and pulmonary embolism, which is sudden and fatal.
Lung cancer is the most common cancers, and is also the leading cause of cancer death in men and the second cause of cancer
death in women all over the world. Pulmonary embolism is one of the common complications of lung cancer, which will affect
the survival time of lung cancer patients and make the symptoms of lung cancer more complex and difficult to distinguish.
Correct identification and effective anticoagulation therapy can reduce the mortality of lung cancer complicated with
pulmonary embolism. Therefore, it is necessary to review the research progress of lung cancer complicated with pulmonary

embolism.
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Venous thromboembolism (VTE) includes deep venous
thrombosis (DVT) and pulmonary embolism (PE). PE is
the third most common acute cardiovascular syndrome,
next only to myocardial infarction and stroke [, and it is
a common complication of lung cancer. The risk of
thrombus increases in cancer patients, with lung cancer
patients having a 20-fold higher risk of developing VTE
compared to the general population 1. The occurrence of
PE in lung cancer patients is associated with mortality,
with autopsy reports showing that it accounts for
approximately 10% of deaths 1. It is worth noting that,
with the decrease in the total number of autopsies globally,
the incidence of PE may be underestimated, especially in
lung cancer patients who experience sudden death.
Because the symptoms of PE overlap with those of lung
cancer, it is often overlooked in clinics. PE can worsen
the condition of lung cancer patients and may even lead
to sudden death. Surveys have revealed that anticoagulant
treatment is significantly associated with improved
survival in lung cancer patients not suspected of PE . In
recent years, with the continuous exploration and
breakthroughs in chemotherapeutic agents, targeted drugs,
and immunotherapy, the survival period of cancer patients
has significantly improved. Early identification of
patients with lung cancer who have concomitant PE and
initiate  standardized anticoagulant treatment can
minimize the morbidity and mortality of PE events. This
review mainly focuses on the risk factors and therapeutic
advances in lung cancer patients with PE.

1 Pathophysiology of thrombus formation

According to the pathophysiological mechanism, the
formation of thrombus is considered to involve the
following factors: (1) Vascular endothelial injury: Tumor
cells can directly invade blood vessels, causing vascular

wall damage, endothelial denudation Bl or direct
thrombus formation. Additionally, procedures such as
central venous catheterization, surgery, chemotherapy [©,
and radiotherapy during tumor treatment can also cause
endothelial injury of the blood vessels. (2) Venous stasis:
The vascular compression of parenchymal tumor, surgery,
prolonged bed rest and reduced physical activities in lung
cancer patients with advanced-stage cachexia, can alter
venous blood flow, leading to venous stasis. (3)
Hypercoagulable state: Studies have found upregulated
expression of tissue factors and podoplanin in lung cancer
31, which can initiate the coagulation process and cause
coagulation cascades, resulting in a hypercoagulable state.
In addition, the immune system is also involved in this
process. Some studies have elucidated that exosomes
derived from lung cancer cells can activate mast cells [,
and activated mast cells become highly pro-inflammatory
and actively recruit immune cells. The inflammatory
mediators in mast cell granules can mediate endothelial
activation and activate neutrophils to trigger neutrophil
extracellular traps, which can act as scaffolds for
procoagulant activity . These inflammatory reactions
also contribute to hypercoagulability. Moreover, lung
cancer patients have shortened blood clotting time,
increased levels of fibrinogen, and elevated platelet levels
Pl which are important factors contributing to
hypercoagulability.

2 Risk factors

The pathomechanism underlying the occurrence of
PE in lung cancer patients is complex, and the following
will discuss its risk factors from three aspects.

2.1 Patient-related factors
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(1) Ethnicity: Studies have shown that the incidence
of VTE is lower in Asians and Caucasians compared to
black patients [, Ethnicity seems to impact the
formation of PE in lung cancer patients, possibly related
to local economic and medical levels, but there is still a
lack of research data, and the mechanism is unclear. (2)
Age: The older the age, the higher the incidence of
cancer-associated VTE ['"12l. This may be related to
underlying diseases and reduced physical activity in
elderly patients. (3) Gender: Male patients are more
commonly affected by lung cancer with concomitant PE
(131" which may be related to a higher incidence of lung
cancer in males. However, with the decrease in the
number of global smokers, the incidence of lung
adenocarcinoma in females is gradually increasing.
Currently, there is still a lack of updated relevant
researches. (4) Comorbidities: It was found that
comorbidities such as anemia, obesity, and chronic
obstructive pulmonary disease ['?) can increase the risk of
thrombus formation. (5) Haematological parameters:
Elevated white blood cell count, decreased PaO,, and
elevated D-dimer levels have been reported as
independent risk factors for PE formation in lung cancer
patients ['4],

2.2 Lung cancer-related factors

In terms of the histological type of lung cancer,
studies have shown that adenocarcinoma is an
independent risk factor for PE ['3-16], with a triple risk of
VTE compared to squamous cell carcinoma. This may be
related to the secretion of procoagulant factors, platelet
activation, and the microthrombus formation in the
capillary circulation caused by mucins produced by
adenocarcinoma cells 7). Additionally, adenocarcinoma
is more prone to metastasis compared to other types of
lung cancer ['® which also contributes to thrombus
formation. Currently, there is limited research on the
mechanisms of PE in squamous cell carcinoma. However,
studies have found increased expression of podoplanin in
lung squamous cell carcinoma > 1, Podoplanin can
induce platelet activation through binding to C-type
lectin-like receptor 2, promoting hematogenous cancer
metastasis and cancer-associated thrombus formation.

In terms of the genotypes of lung cancer, increasing
evidence suggests that the genetic characteristics of lung
cancer patients may be associated with VTE. The
incidence of VTE is three to five times higher in
anaplastic lymphoma kinase (ALK)-positive advanced
non-small cell lung cancer patients %1, This may be due
to enhanced tissue factor procoagulant activity, increased
mucin richness, and specific binding of extracellular
ALK-positive lung cancer cells to heparin, increasing the
risk of thrombus formation through the NF-«kB signaling
pathway?2!l. In addition, research has found that the
incidence of VTE is three to five times higher in
advanced non-small cell lung cancer patients with ROS1
rearrangement 1?2, which may be related to the mucinous

characteristics of adenocarcinoma and ultimately lead to
systemic platelet activation. Currently, mutations in
epidermal growth factor receptor (EGFR) and Kirsten rat
sarcoma viral oncogene homolog ( KRAS) have not yet
been fully confirmed to cause PE. Therefore, D-dimer
levels in ALK-positive and ROS1-rearranged lung cancer
patients should be monitored more frequently, and
computed tomography pulmonary artery (CTPA) should
be performed to exclude potential PE if necessary. In
future clinical work, the genetic profile of lung cancer
patients can be further explored to verify whether it can
be incorporated into risk stratification and anticoagulation
decision-making for thromboembolism. This would help
in the early screening and diagnosis of PE in these
patients.

In terms of tumor stage, advanced (stage III/IV) lung
cancer at the time of initial diagnosis is an independent
risk factor associated with PE 161 and the higher risk of
PE in patients with advanced lung cancer compared to
stage I/Il may be related to the relative shortening of
coagulation time and elevated levels of plasminogen
activator inhibitor (PAI-1) . This implies that in
advanced lung cancer patients, when the disease
progresses, the possibility of PE formation needs to be
considered in addition to tumor progression.

2.3 Treatment-related factors

Treatment-related factors can also increase the risk
of thrombus formation in lung cancer patients. These
factors include hospitalization, radiotherapy, surgery,
central venous catheters, and anticancer drugs . Among
them, surgery is a significant risk factor for PE, even in
patients receiving thromboprophylaxis 1. The risk of
developing PE within one month after surgery is 1.3%,
and the risk decreases as postoperative time progresses 261,
In addition, an essential mechanism by which
chemotherapy drives thrombosis is the toxicity and
irritation of chemotherapeutic agents. The endothelium
can be directly damaged, and the risk of VTE will
increase, especially in the first 3 to 6 months of treatment
] Another important mechanism by  which
chemotherapeutic agents drive thrombus formation may
be through the promotion of the coagulation process.
Drugs such as cisplatin and carboplatin, in addition to
directly damaging the vascular endothelium, can also
participate in procoagulant activity and increase
procoagulant activity on endothelial cells by TF
decryption through a disulfide bond formation in a
protein disulfide isomerase (PDI)-dependent mechanism
271 Additionally, it has been reported that other
anti-angiogenic targeted therapies, such as bevacizumab
and immune checkpoint inhibitors, may also increase the
risk of thrombosis ?* 281, With the increasing number of
anticancer drugs, new issues related to adverse
thromboembolic events may continue to emerge, and
experiences should be summarized from these cases.
Although the above risk factors have been continuously
summarized and validated, their underlying mechanisms
are still not fully elucidated, and further research is
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needed to develop more effective strategies for the
prevention and treatment of PE.

3 Identification and diagnosis

Misdiagnosis or missed diagnosis of PE frequently
occurs in clinical practice because the clinical symptoms
of PE are often difficult to identify. When the original
clinical symptoms of lung cancer patients worsen or new
symptoms such as dyspnea, chest pain, hemoptysis,
restlessness, and decreased blood oxygen saturation, it is
necessary to consider tthe possibility of concomitant PE
in addition to the tumor progression. D-dimer is a
degradation product of cross-linked fibrin produced by
fibrinolysis, and it is considered to be a sensitive
biomarker for pre-thrombotic or hypercoagulable states.
Due to its high negative predictive value for PE, a
D-dimer concentration below 0.5 mg/mL is typically used
as a necessary criterion to exclude PE 1. Additionally,
CTPA has demonstrated high reliability and safety in
diagnosing and localizing PE B%. PE manifests as filling
defective changes within the pulmonary arteries, clearly
showing the location of the primary lesion and thrombus.
For suspected patients with pulmonary embolism, CTPA
can be used as a diagnostic tool when D-dimer levels are
elevated. However, CTPA is not suitable for patients with
iodine allergies or renal dysfunction. In such cases,
pulmonary  contrast-enhanced magnetic resonance
angiography (MRA) can be used as an effective
alternative to CTPA B3],

Furthermore, the Khorana score can help physicians
identify high-risk patients for PE and determine whether
thromboprophylaxis is necessary. This scoring system
stratifies the risk of developing PE during chemotherapy
for cancer patients based on tumor type,
pre-chemotherapy blood counts, and body mass index 321,
Although the Khorana score is the most extensively
validated VTE risk assessment score for cancer patients,
it performs poorly in assessing the risk of VTE in lung
cancer patients 3334 Therefore, a new reference
indicators for predicting the occurrence of PE in lung
cancer patients is required. Apart from the consensual
factors, other risk factors such as histological subtype,
genetic characteristics, staging, and the first 6 months of
chemotherapy can be considered, as they may help
identify which patients may benefit from prophylactic
anticoagulation to reduce the morbidity and mortality of
PE.

4 Treatment and prevention

Compared to non-cancer patients, cancer patients face
a higher risk of VTE recurrence and bleeding associated
with anticoagulant therapy [**l. A meta-analysis shows
that prophylactic anticoagulant therapy does not improve
the prognosis of lung cancer patients and may increase
the risk of bleeding [¢. Therefore, anticoagulant
treatment for lung cancer patients should be
individualized. For years, low-molecular-weight heparin

(LMWH) has been recommended as the preferred
anticoagulant for treating tumor-related VTE. Many trials
have shown that LMWH has greater efficacy in
preventing thrombus recurrence and lower bleeding risk
compared to vitamin K antagonists such as warfarin 57-38],
According to a guideline from China, patients with
tumor-related PE should receive 6-12 months of
anticoagulant therapy ). Since the use of LMWH for
more than 6 months has not been evaluated, when the
patient’s clinical condition improves, a transition to newer
oral anticoagulants can be considered . Studies such as
CARAVAGGIO and ADAM have shown that apixaban
demonstrates similar efficacy to LMWH and has the best
safety profile in terms of bleeding, even in patients with
gastrointestinal cancer [#21. It is worth noting that
although many trials have investigated the optimal
prophylactic and therapeutic regimen for PE in lung
cancer patients, the safety assessment of newer oral
anticoagulants is still limited and further studies are
needed.

Additionally, the placement of inferior vena cava
filters (IVCF) is a method for preventing the detachment
of DVT and the formation of PE. Studies have shown that
the placement of IVCF can reduce the incidence of PE in
lung cancer patients 1. However, the most common
complication associated with IVCF is the development of
new or propagated DVT. Guidelines from the NCCN and
ITAC-CME suggest that mechanical thromboprophylaxis
should only be used in cases where anticoagulation is
contraindicated ™. Currently, there is still a lack of
large-scale cohort studies to clarify the relationship
between IVCF placement and mortality 3], and the
appropriate use of IVCF in cancer patients is still not
meeting clinical needs.

5 Conclusion

In conclusion, PE is a severe complication of lung
cancer and the second leading cause of mortality in lung
cancer patients. Therefore, the severity of PE, as well as
early detection and intervention, should be realized by
lung cancer patients in advance. Risk stratification of lung
cancer patients based on readily available clinical
characteristics and risk factors should be performed, and
prolonged prevention and treatment should be ensured to
reduce the incidence and mortality of acute PE.
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