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Abstract: According to the most recent data from the National Cancer Center, venous
thromboembolism (VTE) has unsurprisingly become one of the most common complications
in lung cancer. VTE not only interferes with the equilibrium of the clotting system but it also
affects tumor progression and prognosis. For the identification of high-risk patients, many
clinical risk assessment models have been developed and validated based on the risk factors
found in previous studies. In this review, we will summarize advances in prediction and risk
assessment of VTE, with a focus on early diagnosis and therapy, reduction of mortality, and
the burden of medical costs in lung cancer patients.
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Introduction

Since Armand Trousseau first clarified phlegmasia alba dolens as a sign of internal
malignancy in 1865, the association between VTE and cancer has been
investigated." Cancer was recognized as an independent risk factor of VTE.
Cancer patients have a 4- to 7-fold increased risk of VTE compared with the
general population.? Currently, the incidence of lung cancer still ranks first
among cancers worldwide, which leads to the largest number of absolute events
of lung cancer associated VTE, including pulmonary embolism (PE) and deep
venous thrombosis (DVT). VTE incidence can even be as high as 4-20% in these
patients, based on epidemiological investigations.” VTE is usually associated with
a poor prognosis for individuals with this disease, which increases morbidity,
mortality, and medical costs.

Although the relationship between lung cancer and VTE is well known, the specific
underlying mechanisms are multifactorial and still under investigation. Virchow’s triad
described 3 factors: venous stasis, activation of blood coagulation, and vascular wall
damage, which critically explain the underlying mechanism thrombosis among lung
cancer patients.” In addition, there are many risk factors that contribute to the formation
of VTE, which can be divided into three mains categories: tumor-, patient-, and
treatment-related factors.” To date, many randomized controlled trials (RCTs) have
developed several risk assessment models suitable for patients with gastrointestinal
tumors such as pancreatic cancer and colon cancer. However, a standardized risk

assessment model which can be applied to lung cancer is still being explored.
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According to the 2019 American Society of Clinical
Oncology (ASCO) guidelines, most hospitalized patients
with cancer require thromboprophylaxis during hospitali-
zation; however, not all outpatients with cancer are routi-
nely recommended for thromboprophylaxis. Clinicians
may now offer low-molecular-weight heparins (LMWHs)
to selected high-risk ambulatory patients with lung cancer
for thromboprophylaxis.® Therefore, how to precisely
identify lung cancer patients at high risk of VTE is an
unmet need in clinical practice. This requires a certain
number of valuable biomarkers and risk assessment mod-
els to further evaluate and distinguish hazard classifica-
tions. Although LMWHs treatment is recommended as
prophylactic anticoagulation for high-risk patients, consid-
ering the greater risks of bleeding and recurrence, clini-
cians have many concerns while referring to the
guidelines. Direct oral anticoagulants (DOACs) offer
a potentially promising treatment option for lung cancer
patients with VTE,” but we should take each individual
situations into consideration. Furthermore, for higher
bleeding risk than LMWHs, a large quantity of rando-
mized clinical trials is needed to weigh the pros and cons.

In this review, we discuss in detail the epidemiology,
pathogenesis, promising biomarkers, risk assessment mod-
els, and current treatment options for lung cancer-
associated VTE.

Epidemiology and Disease Burden

of Lung Cancer-Associated VTE

The California Cancer Registry® has developed a large
population-based study of patients with non-small cell
lung cancer (NSCLC) and small cell lung cancer
(SCLC). The cumulative incidence rate of VTE was 3%
and 3.4% among the 91,933 newly diagnosed lung cancer
patients in the first and second years, respectively.
However, in the first six months, the person-time rate
was 7.2 events/100 patient-years.® This provides clinicians
with an important reminder that they should pay greater
attention to the occurrence of VTE within the first six
months after diagnosis of lung cancer.

Recently, Maia et al’ reported that the diagnosis of
thromboembolism which occurred in the lung and veins
was associated with poor prognosis in patients with lung
cancer. In this retrospective study, among the 113 recruited
lung cancer patients, 78 (69.0%) exhibited lung and
venous thromboembolism after lung cancer diagnosis dur-
ing the one-year follow-up.

Furthermore, cancer-associated VTE increases the risk
of recurrence, major bleeding, and even mortality. Based
on total population data from the international registry
RIETE (Registry Informatizado de la Enfermedad
TromboEmbolica), overall 3-month mortality was 7.9%.
Significantly more patients died among those with cancer
(26.4%, vs 4.1% in the no-cancer group, p < 0.001).'> As
well as increased mortality, healthcare costs are higher in
lung cancer patients with VTE than those without. To
comprehensively consider these factors, clinicians often

face a dilemma in the process of diagnosis and treatment.

Potential Mechanisms of Lung
Cancer-Associated VTE

Virchow’s triad originally described three factors that
could cause venous thrombosis: disruption of vascular
wall integrity, blood hypercoagulability, and stagnation of
blood flow.” Specific mechanisms responsible for throm-
bosis in lung cancer patients remain controversial; how-
ever, there is no doubt that the pathogenesis of lung cancer
associated thrombosis is multifactorial. Evidence indicates
that patients with lung cancer are in a hypercoagulable
state, which further illustrated the possibility of VTE,
driven in part by the release of procoagulants, such as
tissue factors, from the tumor itself as well as from acti-
vated endothelial cells and inflammation cells."’

Among different studies, the most convincing findings
indicate that lung cancer cells could produce tissue factor
(TF), microparticles (MPs), cancer procoagulant (CP),
inflammatory factors, and cytokines, which directly acti-
vated the blood-clotting cascade, leading to thrombosis
formation.'? The exact mechanisms for the induction of
VTE in cancer remain to be fully elucidated, but it is
widely acknowledged that TF-bearing microparticles (TF
(+) MPs) may play a crucial role.

Campello et al'? identified the role of TF(+) MPs in an
observational study. The authors showed that patients with
lung cancer had statistically significant higher plasma
levels of circulating TF(+) MPs (927 + 415 MPs/uL)
(204 + 112 MPs/uL; p < 0.001).
Meanwhile, Et Tesselaar et al'* reported that overexpres-

than controls

sion of TF in lung carcinoma cells was the initiator of the
clotting cascade. Furthermore, MP-associated TF activity
might associate lung cancer with thrombosis and play
a critical part in the pathogenesis of thrombosis among
lung cancer patients.
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Table | Summary of Risk Factors and Biomarkers for Lung
Cancer-Associated VTE

| .Patient-related risk factors
Demographics: age
Comorbidities: lower extremity varicose vein, cardiovascular disease,

hypertension, atrial fibrillation

2.Cancer-related risk factors

Genetic alterations: EGFR mutation/ALK-rearrangement/KRAS
mutation/ROS | -rearrangement

Histological type: lung adenocarcinoma

Clinical stage: advanced stage, regional and distant lymph node
metastases

‘Time interval after diagnosis/chemotherapy: within 6 months after

lung cancer diagnosis

3.Therapy-related risk factors

Surgery: lobectomy

Chemotherapy: platinum-based chemotherapy

‘Targeted therapy:EGFR-tyrosine kinase inhibitors (TKI), anti-
angiogenic agents

Other treatment: Central venous catheters (CVC)

4.Biomarkers

D-dimer

Platelet

P-selectin

Microparticle

More hematological parameters:Neutrophil/lymphocyte ratio (NLR),
Platelet/lymphocyte ratio (PLR), thrombin factor VI, serum albumin,
thrombin-antithrombin Il complex (TAT), Plasminogen activator

inhibitor type | (PAI-1), inflammatory cytokines

Recently, Hsieh et al'> discovered that YC-1 could
prevent hypoxia-induced TF in lung cancer cells by inhi-
biting the p38MAPK/NFkB signaling pathway, indepen-
dently, from the activity attributed to conventional
anticoagulants, and could systemically inhibit blood coa-
gulation. Greater efforts should be taken to investigate this
new mechanism, which may provide an alternative new

treatment option for lung cancer-associated VTE.

Risk Factors and Biomarkers of
Lung Cancer-Associated VTE

Here is the summary of risk factors and biomarkers for
lung cancer-associated VTE (Table 1).

Patient-Related Risk Factors

Age

Many studies have reported that older patients with lung
increased risk of

cancer or other cancers have an

developing VTE.'® However, a study investigating the
VTE incidence among patients with primary lung cancer
showed younger age (<45 years) was also associated with
a higher risk of developing VTE within 1 year of NSCLC
diagnosis.'” With the popularization of routine physical
examinations, younger lung cancer patients have received
greater attention. As indicated by Bigay-Gamé et al'® in
a prospective multicenter analysis, the main histopatholo-
gical type of lung cancer was adenocarcinoma (77%),
which was found to be a significant clinical feature
among younger lung cancer patients. Given that adenocar-
cinoma is biologically more aggressive, it acts as an inde-
pendent risk factor for cancer-associated thrombosis
(CAT), while older patients receive thromboprophylaxis
more frequently. Age is still a controversial factor for the
increased occurrence of VTE in lung cancer and additional
investigation is needed to clarify their association.

Comorbidity

A recent study of 283 patients with lung cancer who
received systemic therapy showed that patients with
lower extremity varicose veins (LVV) had an increased
incidence of VTE (50.00% vs 9.89%, P = 0.001) compared
to patients without LVV,'” which was consistent with the
previous findings reporting the presence of varicose veins
in cancer patients could led to an increased risk of devel-
oping VTE.?® Whether cardiovascular disease (CVD) risk
factors influence VTE occurrence remains unclear. In
a retrospective study including 632 patients with newly
diagnosed lung cancer, multivariate analysis found that
hypertension was significantly associated with VTE in
different tumor histology models and different tumor
stage models.”' In a retrospective study which was per-
formed on 118 lung cancer patients, atrial fibrillation was
significant for VTE development on both the univariate

and multivariate analysis.**

Cancer-Related Risk Factors

Genetic Alterations

Cancer is a genetic disease whereby somatic mutations accu-
mulate in cells gradually due to replication errors, chromo-
some deletions or translocations, or DNA damage, and other
mechanisms. Tumor angiogenesis may be affected by the
expression of mutated Epidermal Growth Factor Receptor
(EGFR) gene, which consistently resulted in overexpression
of vascular endothelial growth factor (VEGF) and many
other angiogenesis regulators. Conversely, the rate of VTE
in patients with ALK-rearranged NSCLC seemed to be
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higher than previously reported for the general NSCLC
population or those without ALK-rearrangements.23
A potential mechanism associated with both thrombosis/
hemostasis and ALK-rearranged tumors was that heparin
may act as ligand for the ALK receptor.”* A case—control
study also described the association of KRAS mutations with
an increased risk of VTE (OR: 2.67; 95% CI: 1.12-6.42, P =
0.014) in a NSCLC cohort.*> The authors proposed that the
expression of an activated mutant KRAS allele in NSCLC
might induce up-regulation of TFs, which also could play
a vital role in KRAS-dependent oncogenesis, as they
observed in colorectal cancer cell lines. Furthermore, accord-
ing to data from the METROS trial showed that the incidence
of VTE in patients with advanced ROS1-rearranged NSCLC
was 3- to 5-fold higher compared to the general population
with NSCLC.?® Although the role of these mutations in
tumor angiogenesis is currently unknown, and the hazard
ratio associated with these mutations in tumor-related throm-
bosis events has not been determined, further investigations
need to be conducted focusing on the genetic mechanisms
responsible for neoplastic onset and transformation.

Histological Type

Patients with lung adenocarcinoma seem to have an ele-
vated risk of VTE compared to other histological subtypes.
A large cohort study comprising 10,598 individuals with
lung cancer after a long follow-up of 14 years revealed
that the adenocarcinoma subtype was an independent risk
factor of VTE (HR: 2.0; 95% CI: 1.5-2.7, vs squamous
cell).?’ Accordingly, in a meta-analysis, adenocarcinoma
was confirmed to be a risk factor for thrombosis in lung
cancer patients (OR: 2.20; 95% CI: 1.68-2.88, p <
0.00001).%

Clinical Stage and Time Interval After Diagnosis

According to the analysis by the Vienna Cancer and
Thrombosis Study (CATs), patients with high-grade
tumors experienced more thrombotic events than those
with low-grade tumors.”’ Dickmann et al’® stratified
patients into three tumor stages: local, regional, and distant
based on the Node (TNM)
Classification. The authors showed that patients with
had
a significantly increased risk of developing VTE. In addi-

Tumor Metastasis

regional and distant lymph node metastases

tion, oppression on blood vessels also posed a burden as

described in a case reported by Chin et al,*' a superior
vena cava (SVC) syndrome was common in patients with

malignant tumors (especially lung cancer). In patients

presenting chest distress with persistent dyspnea after
remission of facial and upper extremity edema, clinicians
should be highly vigilant for PE. A chest computed tomo-
graphy scan can be used for early screening and diagnosis
of PE after treatment of SVC syndrome. Chew et al'’
indicated the highest incidence of VTE occurred within 6
months of lung cancer diagnosis, with the overall rates of
VTE in the first and second 6 months after cancer diag-
nosis being 7.2 and 2.4 cases per 100 patient-years, respec-
tively. These findings agreed with the data of other studies
indicating that most thromboembolic events in patients
with lung cancer undergoing chemotherapy occur within
6 months after diagnosis.”

Therapy-Related Risk Factors

Surgery

A prospective study investigating blood coagulation in
lung cancer patients and benign lung disease patients indi-
that with
a hypercoagulable state pre- and post-operation were

cated both  patients lung lobes in

prone to thrombosis.’> In a retrospective study, 232
patients undergoing lung cancer surgery were investigated
in detail, and of these 5.2% developed VTE after 60 days.
Postoperative VTE incidence of patients in the high-risk
group was 10.3% based on the Caprini scores.>”

Chemotherapy

Patients with unresectable lung cancer receive individua-
lized treatment regimens. In many studies,”>*’>**> che-
motherapy has been identified as a risk factor for VTE
events in patients with lung cancer and as described in
previous studies, most VTE occurs within 6 months from
VTE is

a particularly common event during platinum-based che-

initiation of  chemotherapy.  Curiously,
motherapy in patients with NSCLC. A large retrospective
analysis confirmed an unacceptable incidence (18.1%) of
thromboembolic events during cisplatin-based treatment or

within 4 weeks after chemotherapy.®*

Targeted Therapy

Targeted therapy may be a significant risk factor for VTE
in lung cancer patients. The role of EGFR-tyrosine kinase
inhibitors (TKI) in VTE development for patients with
lung cancer remains unclear. Further, gefitinib and erloti-
nib do not appear to increase the risk of VTE events.’
A study found patients with lung adenocarcinoma treated
with TKI had a reduced risk of VTE compared to other
treatment strategies not including TKI (HR: 0.42; 95% CI:
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0.29-0.79).> Nevertheless, several investigations have
suggested that anti-angiogenesis drugs, such as bevacizu-
mab, thalidomide, sunitinib, and sorafenib, might also
increase risk of VTE in patients with lung cancer.*

Other Treatment

Placement of central venous catheters (CVCs), which are
widely used in patients with cancer, may be associated
with a greater risk of developing VTE. According to
a meta-analysis, patients with a malignancy and had an
inserted PICC presented a higher risk of DVT than those
with other CVCs (OR: 2.55; 95% CI. 1.54-4.23, P <
0.0001).%° Clinicians should assess the risk of thrombosis

in lung cancer patients with PICC after initial diagnosis.

Biomarkers

D-Dimer

D-dimer is a well-known biomarker of thrombosis because it
reflects fibrinolytic activity. A negative result for D-dimer
has a negative likelihood ratio similar to that of a normal
lung scan or negative duplex ultrasonography finding.*’
Furthermore, an elevated D-dimer level has been identified
as a predictor of VTE and survival in patients with lung
cancer in many studies. An investigation evaluating the
predictive value of a novel high sensitivity assay for
D-dimer measurement in intermediate-risk lung cancer out-
patients based on the Khorana score found that a pre-
chemotherapy D-dimer level >1500 ng/mL could indepen-
dently predict VTE with an accuracy of 70% (HR: 11; 95%
CI: 2.62-46.2, P = 0.001).>® However, older patients who do
not have VTE tend to show a false positive result on the
D-dimer assay, as D-dimer levels increase with age. Thus,
the accuracy of diagnosis could be improved by applying an
age adjusted D-dimer cut-off point to exclude VTE in older
lung cancer patients.

Platelets

Some investigations have suggested that thrombocytosis
might be related to the occurrence of VTE in patients with
lung cancer.>**® An increased platelet count might be an
independent predictor of prognosis in patients with pri-
mary lung cancer based on the results of many studies,*'
though further investigation is needed.

P-Selectin

P-selectin, a cell adhesion molecule which helps platelets
and leukocytes attach to the activated vessel wall, appears
to be a novel biomarker for VTE.*> A prospective cohort
study which evaluated 687 cancer patients (including 86

lung cancer patients) to investigate the predictive value of
soluble P-selectin in cancer associated VTE, found that
elevated soluble P-selectin levels (>53.1 ng/mL) correlated
with the occurrence of VTE (HR: 2.3; 95% CI: 1.2-4.5,
P =0.009).** The predictive value of P-selectin for VTE in
lung cancer warrants further evaluation.

Microparticles

MPs are small vesicles released from activated cells, injured,
or apoptotic cells, and contain surface proteins such as TF
and phosphatidylserine. TF(+) MPs, which mainly derived
from tumor cells, are procoagulants and may promote the
formation of tumor-associated VTE.'> However, the predic-
tive value of MPs and TF(+) MPs in lung cancer associated
VTE remains to be clarified. In a case—control study, the
results showed that patients with VTE had a statistically
higher proportion of MPs and TF(+) MPs than those without
VTE in multivariate analysis (OR: 1.153; 95% CI: 1.068—
1.245, P < 0.001).%° As a result, TF(+) MP appeared to be
a novel marker able to improve the early diagnostic effi-
ciency of tumor-related thrombosis.

Other Hematological Parameters

Hematological parameters have been reported to play differ-
ent roles in predicting the thrombotic events of lung cancer
in the literature. A single-center analysis of the neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte ratio
(PLR) for predicting the risk of VTE in ambulatory cancer
patients enrolled 810 cancer out-patients before initiation of
a chemotherapy course. The study indicated that high
inflammation-based markers (NLR > 3, PLR > 16) was
associated with a nearly 2-fold increased VTE risk and
patients with high NLR or PLR had the worst 1-year VTE-
free survival.* Furthermore, plasminogen activator inhibitor
type 1 (PAI-1), thrombin, factor VIII, fibrin monomer,
inflammatory  cytokines, serum albumin, thrombin-
antithrombin III complex (TAT), and many other hematolo-
gical biomarkers have been proposed to correlate with the
occurrence of lung cancer associated VTE,** but more evi-

dence is needed to confirm their predictive value.

Risk Assessment Models of Lung
Cancer-Associated Venous
Thromboembolism

In order to improve the efficiency of prophylaxis, multiple
models have been proposed to predict the onset of VTE in
lung cancer patients (Table 2). Several factors have been
incorporated based on the literature, and biomarkers related
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Table 2 Summary of Risk Assessment Models for Lung Cancer-Associated VTE
RAM Khorana Vienna PROTECHT Score ONKOTEYV Score COMPASS-CAT Tic-ONCO
Score (CATS) Score Score
Score
Factors Site of Site of Site of cancer Khorana score >2 Anthracycline/anti- Site of
cancer cancer hormonal therapy cancer
Platelet Platelet Platelet count Personal history of Time since cancer Genetic risk
count count VTE diagnosis score
Hemoglobin | Hemoglobin | Hemoglobin count Metastatic disease Central venous catheter | Hemoglobin
count count count
Leukocyte Leukocyte Leukocyte count Vascular/lymphatic Stage of cancer Leukocyte
count count macroscopic count
compression
Body mass Body mass Body mass index Presence of Body mass
index index cardiovascular risk index
D-dimer Cisplatin/carboplatin-based Platelet count Platelet
chemotherapy or gemcitabine count
Soluble Recent hospitalization
P-selectin for acute medical illness
Personal history of VTE
Reference | [45] [47] [50] [52] [54] [55]

to thrombosis should also be taken into consideration. How
to accurately select suitable indexes and improve the effi-
ciency of joint diagnosis is the focus of current research.
Currently, a well-known risk assessment model (RAM),
the Khorana risk score (KRS), which stratifies cancer
patients into different risk levels and identifies a high-risk
group for thromboprophylaxis, is the most commonly
used.*® Five baseline clinical and laboratory variables are
evaluated in this model: site of cancer, platelet count, hemo-
globin count and/or use of erythropoiesis-stimulating agents,
leukocyte count, and the body mass index. In addition to the
cancer site, which is assigned two points, each impact factor
is assigned one point. A KRS >3 is considered to indicate

146 tried to vali-

a high-risk. However, when Mansfield et a
date the KRS among lung cancer patients, they frustratingly
determined that although a high KRS was apparently asso-
ciated with all-cause mortality, it was not predictive of VTE.

Since KRS model is not applicable to lung cancer,
D-dimer and soluble P-selectin were added in the Vienna
Cancer and Thrombosis Study (CATS), the prediction of

VTE was greatly improved.*” Ay et al*® subsequently
assessed the prognostic value of D-dimer levels in

a prospective and observational cohort study. Thus, CATS

tends to be a new research focus, which may more efficiently
recognize cancer patients who are likely to have high risk of
developing VTE, as indicated by various biomarkers (such
as D-dimer, soluble P-selectin, and platelet count.)*’
Although a high risk of VTE is supported by the KRS
and the Vienna CATS, routine thromboprophylaxis is still
not recommended by ASCO guidelines.® As a result, addi-
tional risk assessment models are needed to precisely pre-
dict the VTE in cancer patients. In the past few years, new
models, such as the PROTECHT score, the ONKOTEV
score, have been designed and published. Furthermore, the
COMPASS-CAT score and the Tic-ONCO score have also
been proposed. Ay et al’® performed a prospective and
observational cohort study to improve the predictive per-
formance of the KRS. The original KRS was modified by
adding chemotherapy agents in the PROTECHT score,
such as platinum-based regimens and gemcitabine, and
biomarkers, which significantly improved the ability to
identify  high of VTE in
Subsequently, in a  prospective

risk cancer
cohort

a multivariable analysis showed that patients with high-

patients.
study,

risk scores were more likely to develop VTE when

assessed using the Vienna CATS score and the
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PROTECHT.”! Cella et al>* proposed a new risk assess-
ment model, the ONKOTEYV score, which added the vari-
ables metastatic disease, the compression of the tumor
mass and the history of previous VTE with a KRS >2.
Considering the vascular endothelial injury mechanisms

caused by tumor compression, Godinho et al>

suggested
the ONKOTEV score was a more suitable indicator for
selecting cancer patients for primary thromboprophylaxis.
Despite the development of these new models, most of
them are applicable to scoring the initial phase of lung
cancer treatment, more external validation tests are
needed. In recent years, the most popular model is the
COMPASS-CAT,* a risk assessment tool that incorporates
the patient, tumorigenesis, tumor therapy, and even tumor
comorbidities. Compared with the relatively authoritative
KRS, the COMPASS-CAT score incorporated more influ-
ential factors, compensating for the shortcomings of the
KRS. Furthermore, the score is not only applicable to pre-
treatment screening of tumors, but allows dynamic mon-
itoring of tumor development and risk trends during
treatment.

Rupa-Matysek et al®?

compared the following VTE
risk assessment models: the Khorana risk score (KRS),
the PROTECHT score, the CONKO score and the
COMPASS-cancer-associated thrombosis score
(COMPASS-CAT) in lung cancer patients. Only the
COMPASS-CAT score was able to fully recognize
patients who developed VTE during a median of 2.5
months from diagnosis, and was the most valuable in
discriminating high- and low-risk of VTE development
in lung cancer patients. In addition to the classical VTE
risk factors, the COMPASS-CAT score incorporates new
predictive variables, such as time since cancer diagnosis,
cancer stage, cardiovascular risk, treatment with antihor-
monal therapy or anthracyclines, and personal medical
history of VTE. The inclusion of these factors compen-
sates for failures in the Khorana score. This likewise
extends its applicability, not only in the initial phase of
treatment (as used in the Khorana score) but also at any
time after initiation of cancer-directed therapy, where it
has potential value.

Research in recent years has focused on cancer therapy,
which likely represents a potential risk for enhancing the
incidence of thromboembolic diseases. Currently, the role
of genetic risk factors, such as EGFR and ALK mutations,
have been recognized to play major role in lung cancer
pathogenesis. Consequently, greater efforts should address
the validity of the TiC-Onco risk score, which focuses on

clinical and genetic risk factors for cancer associated
VTE® in the modern epoch of lung cancer therapy. As
a new risk assessment score which considers both genetic
and therapeutic factors, it may play a major role in pre-
dicting the occurrence of VTE in lung cancer patients.

Treatment and Prophylaxis of Lung
Cancer-Associated VTE
Treatment of VTE

In general, lung cancer patients have a higher incidence of
thrombotic events during both disease progression and
treatment. Many evidence-based guidelines on the treat-
ment of VTE in lung cancer patients have been already
published.®>*>® Furthermore, a large number of RCTs
evaluating the treatment of lung cancer associated VTE
have reached an agreement that LMWHSs represent the
recommended pharmacologic prophylaxis agent for initial
and long-term treatment.”’ In addition, recent RCTs have
demonstrated that DOACs could represent an alternative
option.”® However, whether lung cancer patients should
receive routine anticoagulation therapy is still under inves-
tigation and requires more prospective studies.
Management of VTE in patients with lung cancer is cur-
rently a therapeutic challenge and remains controversial

worldwide.

Initial Treatment
According to the 2019 ASCO guidelines, options for
initial anticoagulation therapy include LMWHs, unfractio-
nated heparin(UFH), fondaparinux, or rivaroxaban.® With
regard to parenteral anticoagulation therapy, for patients
without absolute contraindications, it is preferred to select
LMWHs as initial anticoagulant therapy. In a recent meta-
analysis, Robertson et al>® determined that mortality was
significantly lower in patients treated with LMWHs than
those treated with UFH during the initial treatment period
(OR: 0.53; 95% CI: 0.33-0.85, p = 0.009). Moreover, in
another meta-analysis, Hakoum et al>’ found that LMWHs
reduced mortality at three months compared to UFH treat-
ment (RR: 0.66; 95% CI, 0.40-1.10); however, it did not
show any significant increase or decrease when consider-
ing VTE recurrence (RR: 0.69; 95% CI: 0.27-1.76).
Given the number of new investigations, a challenging
and promising viewpoint has been proposed by research-
ers: Should DOACs be used as initial thromboprophylaxis
therapy in lung cancer patients? Recently, Howlett et al®®
compared both efficacy and tolerance of DOACs for lung
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cancer patients. Despite the large decrease in medical
costs accompanies the use of DOACSs, and considering
the associated adverse medication interactions and bleed-
ing risks, the authors preferred not to recommend DOACs
for lung cancer patients with VTE. In a recent review
comparing old and new therapies on lung cancer-
associated VTE, the study®' concluded that cancer type,
stage, prognosis, and bleeding risk should be all taken into
consideration when beginning anticoagulation therapy. In
addition, a sub-analyses in this review showed that there
was a decrease on bleeding and thromboembolic events
when comparing warfarin with DOACSs, indicating
a particularly promising future for anticoagulation therapy.
Based on lessons from our predecessors when choosing
appropriate therapy for lung cancer patients who develop
or experience recurrent VTE, all factors should be taken
into consideration to establish individually adequate ther-
apeutic anticoagulation. Furthermore, we need more RCTs
concentrating on efficacy and bleeding complications to
clarify the role of DOACs in lung cancer patients
with VTE.

Duration of Anticoagulation

For lung cancer patients, VTE recurrence after initial
treatment is significantly correlated with morbidity and
mortality. The balance between the risk of recurrence and
long-term anticoagulation is essential for overall survival
of lung cancer patients. As discussed in the latest studies,
this approach can maximize benefits when treated with
anticoagulants continuously for at least six months after
diagnosis of cancer-associated thrombosis.**

With the development of risk assessment models, it
seems to be more convenient to predict and timely diag-
nose VTE in lung cancer patients. Nonetheless, the ques-
tion remains on how to better treat and manage lung
cancer associated VTE? No available data can answer
this question at the moment.

Discussion

In the etiology statistics released by the National Cancer
Center, lung cancer still ranks first among cancers.®® Thus,
the incidence of VTE events remains high in patients with
lung cancer. In addition, as mortality and medical cost
increase, epidemiologists and clinicians have placed
greater attention on finding a suitable solution. The main
difficulties remain how to accurately diagnose VTE in
patients with lung cancer. Regrettably, many patients die
due to VTE not diagnosed in a timely manner, and in some

cased VTE was determined at autopsy. With the develop-
ment of medical science in the past years, technologies
such as computed tomography angiography and Doppler
venous ultrasound, have greatly improved diagnostic effi-
ciency in identifying patients with high clinical suspicion
of VTE. In order to achieve a better overall survival rate, it
is imperative to diagnose VTE of lung cancer patients as
early as possible.

The risk factors of lung cancer-associated VTE are
mainly divided into four categories: cancer-related factors,
patient-related factors, treatment-related factors, and bio-
markers. The histological type plays an important role in
cancer-related factors, for patients with lung adenocarci-
noma are these patients are more likely to develop VTE
when compared to those with other histological types.
Meanwhile, recent evidence indicates that lung adenocar-
cinoma patients harboring ALK rearrangement or ROS1
mutations are more likely to develop thrombosis within 6
months of diagnosis, which means genetic alterations
might be closely related with lung cancer-associated
VTE.** In addition, both clinical stage and time interval
after diagnosis are implicated in the occurrence of VTE
among lung cancer patients. Regarding patient-related risk
factors, comorbidities occupy the top priority. Lung cancer
patients with comorbidities, such as CVD present an ele-
vated risk of VTE. Thus, poor performance status might
contribute to increase thrombosis events. Recent RCTs and
studies have demonstrated that different treatment options
might also affect the occurrence of VTE, especially che-
motherapy with platinum or targeted therapy with anti-
angiogenic drugs.

Although there are many factors that can contribute to
the formation of VTE in lung cancer patients, current
studies have shown that VTE can be predicted by biomar-
kers. First of all, D-dimer is a well-known biomarker of
thrombosis because it is an indicator of fibrinolytic activ-
ity. Furthermore, the significant changes in plasma
D-dimer levels reflect not only thrombus formation but

also tumor progression.®’

Thus, regular evaluation of
D-dimer levels may be the easiest approach to monitor
thrombus formation, followed by timely imageology
examinations in high-risk patients. Furthermore, TF(+)
MPs play a predominant role in predicting VTE formation,
which remains the main mechanism of thrombosis genera-
tion and can directly activate coagulation. With the aim of
improving prediction of VTE in lung cancer patients,
thousands of large-scale multi-center studies have been
conducted, focusing on the design and validation of risk
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assessment models. So far, the KRS has been most widely

used. Disappointingly, evidence-based studies have
demonstrated its unsuitability for lung cancer patients.
Thus, another risk assessment model, the COMPASS-
CAT score, has been confirmed to be most appropriate
for lung cancer patients. In addition, we should place
greater attention on the TiC-Onco risk score, which con-
siders the impact of genetic risk factors on clinical out-
comes. Thus, an effective risk assessment model could
greatly improve the diagnostic efficiency of VTE in lung
cancer patients. We still need to invest more efforts and
time to achieve this goal.

ASCO

LMWHs as pharmacologic prophylaxis for initial and

Evidence-based guidelines  recommend
long-term treatment.® However, recurrence after initial
treatment is significantly correlated with morbidity and
mortality for lung cancer patients, and is also associated
with a substantial medical burden. The duration of antic-
oagulation treatment should also be considered during
therapy. As for whether to offer prophylaxis for VTE,
clinicians should make a careful assessment prior to initi-

ating therapy.

Conclusion

This review summarized the available information on the
pathogenesis, risk factors, risk assessment models, treat-
ment, and prevention options of VTE in patients with lung
cancer. Although substantial literatures is available, there
are still many problems to be resolved. The exact patho-
genesis of VTE in lung cancer, as well as its accurate
prediction still requires further investigation. In the future,
with the development a more accurate risk prediction
model, clinicians will be more confident in managing
CAT in lung cancer patients.
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