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Tumor Genetics Are Thrombogenic
The Need for Action*
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P atients with cancer are at high risk for subse-
quent venous and arterial thrombosis. This
risk is based on multifactorial, synergistic as-

sociations involving patient comorbidities, cancer
characteristics, and antitumor treatment. In their
study in this issue of JACC: CardioOncology, Feldman
et al1 highlight a strong association between tumor
genomic alterations and the risk for 1-year arterial
thromboembolism (ATE) in a large retrospective
tumor-profiling registry involving 14,223 adult pa-
tients with solid malignancies (1,044 were excluded
because of history of ATE). Among the 341 genes
tested, KRAS and STK11 cancer somatic genetic alter-
ations were associated with an increased risk for ATE,
irrespective of tumor site. This is one of the few
studies investigating the role of genetic alterations
in ATE risk. The same group previously reported in
a similar cohort that somatic tumor mutations of
STK11, KRAS, CTNNB1, KEAP1, CDKN2B, and MET
predicted an increased incidence of venous thrombo-
embolism (VTE) up to 1 year before diagnosis.2

The risk for arterial complications in patients with
cancer was recently identified and compared with the
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well-established risk for VTE.3 Identification of such
high-risk patients remains a challenge.4,5 The in-
crease in prevalence and improved life expectancy
among patients with cancer warrants further inves-
tigation of the prevention, management, and aware-
ness of ATE.6 Tumor genetic profiling has a clear
influence on vascular disease and adds another
dimension to ATE prognostication.

In this study, the investigators used a large data-
base of patients with cancer without a history of ATE
to limit bias related to the higher risk for recurrence
in patients with prior ATE. Overall, the population
was representative of patients with cancer, with a
median age of 61 years; most had metastatic disease
(74%) and cardiovascular risk factors (hypertension in
42%, diabetes in 13%, and hypercholesterolemia in
33%). The cumulative 12-month ATE incidence of
1.9% was lower than previously reported; this is
possibly due to the relatively short-term follow-up,
the inclusion of low-risk patients, and the exclusion
of patients with a history of ATE. Patients with cancer
and cardiovascular disease share similar risk factors,
but in this study, they were not associated with
increased risk for ATE. However, the temporality of
ATE occurrence (higher in the months preceding and
following the diagnosis of cancer) suggests a specific
role of cancer itself and its management in facilitating
thrombogenesis.

The investigators observed that irrespective of tu-
mor site, tumor-specific mutations in KRAS and STK11
were associated with increased risk for ATE (for
KRAS, HR: 1.98 [95% CI: 1.34-2.94; P ¼ 0.015]; for
STK11, HR: 2.51 [95% CI: 1.44-4.38; P ¼ 0.015]).1 This
group previously reported that the same genes were
associated with VTE (for KRAS, HR: 1.34 [95% CI:
1.09-1.64; P ¼ 0.08]; for STK11, HR: 2.12 [95% CI:
1.55-2.89; P < 0.001]).2

These genetic alterations have been previously
associated with worse cancer outcomes. The KRAS
gene is expressed ubiquitously in various cancers and
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increases the adaptability of tumor cells under
stress. The KRAS mutation has a prognostic impact
on metastatic diseases, confers resistance to
epidermal growth factor receptor inhibitors, and
results in constitutive activation of the KRAS pro-
tein, which stimulates downstream signaling path-
ways, including cell proliferation, survival, and
tumorigenesis.7 Numerous studies have reported in
patients with metastatic but also localized colorectal
cancer that the KRASG12C mutation is associated
with worse overall survival or a higher rate of early
relapse.7-9 Mutation of STK11, a tumor suppressor
gene, has been associated with sporadic cancers
such as non–small cell lung cancer and with worse
overall survival.10 Thus, the risk for ATE could be
related to the cancer genetic polymorphisms that
are associated with worse tumor prognosis.

Of interest in the present study by Feldman et al,1

patients with all types of cancer investigated were at
increased risk for ATE, with lung and pancreas can-
cer conferring the highest risk in terms of cumula-
tive 1-year incidence, as found for VTE.2

Interestingly, cancer has even been reported as an
independent risk factor for ATE in patients with VTE
in several population-based studies and in a recent
meta-analysis.11 In the present study,1 9% of patients
were on anticoagulant agents, and only 4% had
atrial fibrillation; suggesting that the remaining 5%
of patients without atrial fibrillation were being
treated for VTE. Anticoagulant therapy was associ-
ated with reduced risk for both arterial and venous
complications (HR: 0.57; 95% CI: 0.36-0.89); anti-
platelet therapy was not protective. In addition,
prior clinical trials have demonstrated that antico-
agulant therapies (low–molecular weight heparin
and direct oral anticoagulant agents) at prophylactic
doses are effective at preventing VTE in patients
with cancer, but they are associated with a risk for
bleeding.12,13

Data on the risk factors and mechanisms of cancer-
associated ATE and VTE are still lacking. However,
these observations provide insights into the patho-
physiology of ATE in patients with cancer and the role
of cancer itself as a risk factor for thrombosis.14

Oncogenes and tumor gene suppressor alterations
are linked to hemostasis effectors such as platelet
reactivity, serine-protease synthesis, neutrophil
extracellular trap formation, tissue factor exposure,
and exacerbated thrombin generation capacity.15 This
constitutive gene expression may promote hyperco-
agulability and lead to the possibility of tumor cells’
being protected under a “bush-like clot” of fibrin, less
accessible to chemotherapy or targeted therapies and
therefore facilitating cancer resistance.16 We must
keep in mind the role of genetic and epigenetic con-
sequences according to the site of cancer and its
characteristics.17 Cancer therapies are also indisput-
able factors contributing to the increased risk for
thrombosis in patients with cancer.18

Some limitations of this study must be acknowl-
edged. Common tumors, such as prostate and breast
cancers, were underrepresented in the study, while
cardiovascular complications are a leading cause of
death in women who have survived breast cancer.19

Moreover, these findings must be confirmed in well-
designed large prospective cohorts.

Available risk stratification scores for VTE occur-
rence appear to be inadequate for many groups of
patients with cancer,20 and there are none available
for ATE prediction. Genetic profiling is an attractive
strategy to improve thrombotic risk stratification
tools. The recently proposed clinical-genetic ONCO-
THROMB risk score, combining genetic variants with
3 clinical variables (tumor site, TNM stage, and body
mass index >25 kg/m2) was found to be associated
with VTE in outpatients with cancer and to provide
better VTE prediction than the Khorana score.21 A
multidimensional evaluation to predict thrombotic
risk in patients with cancer to establish an adapted
thromboprophylaxis strategy in cases of high-risk
status is an important priority for the fields of cardi-
ology and oncology.

Thus, the identification and integration of tumor
molecular genomics into clinical assessment and risk
stratification would be a major advance in the
management of patients with cancer. A more global
approach integrating patient characteristics (age,
comorbidities, medications, frailty, etc), biological
data, and multidisciplinary genomic analysis could
be considered in the future to evaluate the prog-
nostic impact on cancer progression, comorbidity
evolution, and occurrence of complications such as
ATE.
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