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EDITORIAL COMMENT
Risk Assessment for
Cancer-Associated VTE

Diversifying the Evidence Base*
Alok A. Khorana, MD
W hy is risk assessment and prediction of
cancer-associated venous thromboem-
bolism (VTE) so important? First, VTE,

which comprises deep venous thrombosis, pulmo-
nary embolism, and visceral vein thrombosis, is high-
ly prevalent in people with cancer, and its incidence
is rising (1). Second, VTE is highly consequential for
patients: it is associated with short- and long-term
mortality, emergency room visits, and hospitaliza-
tions, and potential interruption or delay of cancer
therapy and its treatment is associated with risk of
major bleeding (2,3). Third, VTE leads to substantial
consumption of health care resources (4). Fourth,
despite paradigm shifts in treatment of cancer away
from chemotherapy toward immunotherapy and tar-
geted therapy, VTE remains a known complication
of both older and newer treatment regimens for can-
cer (1,5). Most frustrating, however, the risk of VTE
in people with cancer is not equally distributed but
varies substantially between cancer subpopulations,
and even in the same patient, over time. Hence, it is
essential to accurately identify patients at risk for
cancer-associated VTE.

This need has become more urgent with emerging
data demonstrating the safety and efficacy of pro-
phylactic anticoagulation in patients with cancer at
higher risk of VTE (6). In 2008, my colleagues and I
published a risk tool to identify patients with cancer
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at risk of VTE using baseline clinical and laboratory
variables before the start of a new systemic therapy
regimen (7). This risk tool, subsequently referred to in
the literature as the Khorana score, has since been
validated in several prospective and retrospective
cohort studies, totaling more than 50,000 patients in
published reports (8,9). The Khorana score formed
the basis of 2 randomized trials of prophylaxis with
direct oral anticoagulants (DOACs) that focused on
inclusion of patients at higher risk (score $2) (10,11). A
recent meta-analysis of 6 trials of either DOACs or low
molecular weight heparin found that prophylaxis
significantly reduced VTE risk in intermediate- to
high-risk (score $2) (RR: 0.51; 95% confidence inter-
val [CI]: 0.34–0.67), intermediate-risk (score ¼ 2) (RR:
0.58; 95% CI: 0.36–0.83), and high-risk patients
(score $3) (RR: 0.45; 95% CI: 0.28–0.67); the numbers
needed to treat were 25 (intermediate to high risk), 34
(intermediate risk), and 17 (high risk), respectively. As
a result of these findings, all major guidelines
currently recommend using the Khorana score for risk
assessment for cancer-associated VTE and for selec-
tion of patients with score $2 for thromboprophylaxis
(12,13).

A major limitation of the development and vali-
dation of this score, however, has been the lack of
diversity in study populations. VTE rates can vary by
race and ethnicity; for instance, Asian American pa-
tients appear to be at lower risk and Black patients are
at greatest risk for cancer-associated VTE (14,15).
Body mass index (BMI), 1 of 5 components of the
Khorana score, is known to be lower in Asian pop-
ulations. However, Black and Asian patients
comprised only a small minority of patients in
development and validation study populations as
well as randomized trials (eg, <2% of patients in
CASSINI [Rivaroxaban for Preventing Venous
Thromboembolism in High-Risk Ambulatory Patients
with Cancer] were Asian and <5% were Black [10]).
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It is in this context that the paper in the current
issue of JACC: Asia by Akasaka-Kihari et al. (16) vali-
dating the Khorana score in a Japanese population
assumes substantial importance. The authors
analyzed the utility of the Khorana score in more than
27,000 patients from a single institution participating
in a multicenter prospective Kumamoto Prefecture-
wide registry. Notably, the authors modified the
original score by altering the cutoff of BMI from
35 kg/m2 in the original study to 25 kg/m2 (aligning
with the definition of obesity for an Asian population
and consistent with a BMI cutoff in a prior study of
Japanese patients with lung cancer [17]). Overall rate
of VTE was 5.3% but varied substantially by Khorana
score, ranging from 1.7% in low-risk patients to 11% in
high-risk patients. Similar to other reports in Western
(primarily White populations), the Khorana score was
also an independent predictor of mortality in this
study.

There are, of course, several limitations to this
study. This was a single-institution study, but its
prospective nature and substantial sample size make
up for this limitation. The population included sur-
gical patients, whereas the Khorana score was spe-
cifically developed and validated in the context of
initiation of systemic therapy; it is unclear how much
better or worse the score would have performed if
surgical settings were excluded. The authors propose
a lower score cutoff ($1) to identify Japanese patients
at higher risk of VTE but this needs validation, as
acknowledged in the paper.

Overall, however, the authors are to be congratu-
lated on confirming the validity of the Khorana score
in the Japanese population with a rational
modification of the original score. These findings are
important for knowledge translation and imple-
mentation of thromboprophylaxis protocols in the
context of recent guideline updates if we are to
reduce the public health burden of cancer-associated
VTE for people who already suffer from the over-
whelming burden of cancer and its treatment. Finally,
modifying and validating a previously developed risk
score in diverse populations is important for future
risk assessment approaches. For instance, emerging
data suggest that somatic mutations and genetic al-
terations may be an important predictor of VTE in
cancer (18,19). If such alterations are included in
future risk scores, it will be important to study them
in diverse populations in an accelerated fashion.
Akasaka-Kihari et al (16) have done the field a service
by providing a template for future such studies that
will doubtless be necessary as the science of risk
prediction continues to rapidly evolve.
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