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ABSTRACT

Background. The efficacy of risk model scores to predict venous
thromboembolism (VTE) in ambulatory cancer patients is under
investigation, aiming to stratify on an individual risk basis the
subset of the cancer population that could mostly benefit from
primary thromboprophylaxis.
Materials and Methods. We prospectively assessed 843
patients with active cancers, collecting clinical and labora-
tory data. We screened all the patients with a duplex ultra-
sound (B-mode imaging and Doppler waveform analysis) of
the upper and lower limbs to evaluate the right incidence of
VTE (both asymptomatic and symptomatic). The efficacy of
the existing Khorana risk model in preventing VTE was also
explored in our population. Several risk factors associated
with VTE were analyzed, leading to the construction of a risk
model. The Fine and Gray model was used to account for
death as a competing risk in the derivation of the new
model.

Results. The risk factors significantly associated with VTE at uni-
variate analysis and further confirmed in the multivariate analy-
sis, after bootstrap validation, were the presence of metastatic
disease, the compression of vascular/lymphatic structures by
tumor, a history of previous VTE, and a Khorana score >2. Time-
dependent receiving operating characteristic (ROC) curve analy-
sis showed a significant improvement in the area under the
curve of the new score over the Khorana model at 3 months
(71.9% vs. 57.9%, p 5 .001), 6 months (75.4% vs. 58.6%,
p < .001), and 12 months (69.8% vs. 58.3%, p 5 .014).
Conclusion. ONKOTEV score steps into history of cancer-related-
VTE as a promising tool to drive the decision about primary pro-
phylaxis in cancer outpatients. The validation represents the
goal of the prospective ONKOTEV-2 study, endorsed and
approved by the European Organization for Research and Treat-
ment of Cancer Young Investigators Program. The Oncologist
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Implications for Practice: Preventing venous thromboembolism in cancer outpatients with a risk model score will drive physicians’
decision of starting thromboprophylaxis in high-risk patients.

INTRODUCTION

Venous thromboembolism (VTE), which includes both deep
vein thrombosis and pulmonary embolism (PE), is a significant
source of morbidity in the cancer population [1]. Apart from
causing elevated risk of early mortality, high incidence of VTE in
the cancer population leads, in some cases, to interruption or
delay of potentially life-saving treatments, worsening of quality
of life, and higher utilization of health care resources [2].
Venous thromboembolism affects up to 20% of hospitalized
and ambulatory cancer patients prior to death, and this rate
tends to double at postmortem examination [3, 4]. The inci-
dence among ambulatory patients, however, is not exactly

defined. Data extracted from a large health care database of
insured American patients between 2004 and 2009 suggest
that VTE occurred in 12.6% of ambulatory cancer patients over
12 months of follow-up after chemotherapy [5].

As the VTE risk in ambulatory subjects is due to different
factors (cancer-, patient-, and treatment-related risk factors),
recommendation of primary prevention in all patients has not
achieved consensus because of doubts on risk/benefit and
cost/efficacy ratios.

Several meta-analyses and randomized controlled trials
exploring the efficacy of thromboprophylaxis with low
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molecular weight heparins in ambulatory cancer patients have
been reported. Overall, they demonstrated a moderate benefit
for the thromboprophylaxis group and highlighted the need to
select a subgroup of high-risk patients who could mostly bene-
fit from the primary prophylaxis [6–10]. However, the best tool
to measure the risk of each individual patient still lacks scien-
tific evidence.

In this scenario, stratification of VTE risk through predictive
models represents the preferred strategy to reduce the burden
of VTE in oncology. The first risk-scoring method was developed
by Khorana in 2008 [11] and further derivated in three separate

studies [12–14]. Currently, the Khorana score is the best known
tool available (Table 2). Here, we present a large prospective
study in which we aim to validate a novel score and explore its
further optimization with the addition of easy-to-use clinical
covariates.

METHODS

Study Population and Design

The present study population included 843 patients enrolled
between October 2012 and April 2014 in a prospective obser-
vational study. The trial was carried on at Federico II University
of Naples (Italy) and at the University Cancer Center Leipzig
(Germany). The protocol was approved by the Ethics Commit-
tees of Naples (September 2012) and Leipzig (August 2013).
Each patient signed a written informed consent at the enroll-
ment visit. Patients �18 years of age, with a diagnosis of solid
tumors confirmed by cytology/histology at any stage and candi-
date to receive chemotherapy, endocrine therapy, radiother-
apy, target therapy, and/or surgery, alone or in combination.
Exclusion criteria were end-stage renal (eGFR <15 mL/minute)
or liver (Child-Pugh C) disease and disease-free patients in
follow-up.

Patients with at least 6 months life expectation were
included; those with renal or liver failure were excluded
because they usually do not receive tumor-specific treatments.
This data could potentially affect the survival outcomes. Finally,
we excluded disease-free patients, in particular those with no
active cancer, to avoid complicating the cause and effect rela-
tionship between thrombosis and neoplasm in patients with-
out cancer.

The primary endpoint of the ONKOTEV trial was to analyze,
in an outpatient cancer setting, risk factors associated with
cancer-related VTE.

At the time of the inclusion visit, clinicians reported data
from clinical examination, routine blood tests (complete blood
count, electrolytes, renal and hepatic function, coagulation
parameters), venous compression ultrasound (B-mode imag-
ing), duplex ultrasound (B-mode imaging and Doppler wave-
form analysis), and color Doppler imaging of the upper and
lower limbs and the veins of the neck performed on all
patients. Moreover, in addition to Doppler ultrasound, the
most recent abdomen ultrasound and/or chest/abdomen/pel-
vis computerized tomography (CT) scan was also reviewed to
detect a silent PE or a deep vein thrombosis and finally

Table 1. Characteristics of the patient population

Variable Overall (n 5 843)
n (%

a
)

Follow up (months)b 8.3b (5.9–11.4)

Time (months) from primary
diagnosis to VTE onsetb

12 (5–26)

Female 559 (66.4)

Positive family history of VTE 159 (18.9)

Personal history of VTE 83 (9.9)

History of arterial events 52 (6.2)

Chronic venous insufficiency 259 (30.7)

Adenocarcinoma histology 676 (81.4)

Mucinous cancer type 42 (5)

Metastatic disease 465 (55.2)

Grading 3–4 376 (55)

Spinal cord injury 9 (1.1)

Vascular/lymphatic macroscopic
compression

69 (8.2)

Vertebral collapse 14 (1.7)

Lower or upper limbs edema 67 (7.9)

Surgery (within the last 6 months) 397 (47)

Patients undergoing chemotherapy 735 (87.2)

Cisplatin-based 84 (11.4)

Other platinum compounds-based 233 (31.7)

Nonplatinum based chemotherapy 418 (56.9)

Number of drugs administered �3 90 (12.2)

Targeted agents 232 (27.5)

Endocrine therapy 139 (16.5)

Radiotherapy 155 (18.4)

Ongoing antiplatelet treatment 101 (12)

Primary tumor site

Breast 309 (36.6)

Gastroenteropancreatic 253 (30)

Genito/urinary tract 109 (12.9)

Lung 34 (4)

Metastatic patients 465 (55.2)

Other (kidney, neuroendocrine tumors,
head and neck, sarcoma, GIST,
hepatocellular carcinoma, skin, brain)

138 (16.5)

a25th–75th percentile.
b
n 5median.
Abbreviations: GIST, gastrointestinal stromal tumor; VTE, venous
thromboembolism.

Table 2. Khorana score and risk categories

Variable Score

Very high-risk tumor (stomach, pancreas) 2

High-risk tumor (lung, gynecologic, genitourinary
excluding prostate)

1

Hemoglobin level <100 g/L or use of red cell
growth factors

1

Prechemotherapy leukocyte count >11 3 109/L 1

Prechemotherapy platelet count 350 3 109/L
or greater

1

Body mass index 35 kg/m2 or greater 1

A score of 05 low-risk category. A score of 1–25 intermediate-risk
category. A score of >25 very high-risk category.
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collected in basal evaluation form. Moreover, standardized
imaging, such as CT scan or magnetic resonance imaging
(MRI), can accurately detect macroscopic compression of vas-
cular structure by tumor, discriminating by other forms of vas-
cular involvement (such as direct infiltration), which—in our
study—were not included.

Each patient was reassessed after 6 months, collecting data
using the same parameters (clinical, laboratory, and imaging
data). An extensive reassessment with a clinical examination or
telephone contact, up to 12 months after the inclusion visit, was
optionally allowed, when applicable.

Statistical Analysis

The number of patients enrolled in the present study have
been determined based on previous estimates [15, 16]. Assum-
ing a VTE incidence equal to 6% on an average follow-up of 12
months and using the criterion of a minimum number of events
per predictor equal to 10, a sample size of at least 800 subjects
was deemed to be sufficient for the construction of a risk
model that includes up to five predictors. Sufficiency is here to
be understood in terms of a relative distortion in the estimated
coefficients of less than 5% in absolute value.

In the analysis of potential risk factor for the occurrence of
VTE, mortality has been considered as a competing risk factor
and thus the marginal probability of VTE has been estimated
using the cumulative incidence (CI) function. Accordingly, the
Fine and Gray model has been used to model the association
between prognostic factors and the occurrence of VTE. In par-
ticular, those factors that presented a univariate association
with the event at a p< .05 have been selected for the devel-
opment of the risk score model. The model was constructed
and internally validated using a bootstrap approach [17]; 999
bootstrap samples (with replacement) were drawn from the
original study sample. On each of them, a multivariable regres-
sion model for competing risk with all predictors identified in
the univariate step was fitted using a backward selection pro-
cedure. The backward selection was based on the BICcr crite-
rion as suggested in [18]. Those variables with p values less
than .05 in at least 70% of the bootstrap samples were
included in the final multivariate model. After selecting these
strong predictors, a further screening of covariates was per-
formed to address the correlation pattern between covariates
by considering the variables with the larger frequency out of
each highly frequent variable pair (>90%). Although the
adopted bootstrap approach can reduce the risk of overfitting,
we stress that only by using an external validation cohort, the
predictive performance of a model could be correctly esti-
mated and assessed. Results from the Fine and Gray regres-
sion models are reported as subdistribution hazard ratio (sHR)
with 95% confidence intervals (95% CI). In order to obtain a

new risk score based on the estimated multivariable model,
one point was assigned to the factor with the lowest esti-
mated coefficient and the remaining points were determined
accordingly (as proposed in [19]). Discrimination of the
derived risk score was assessed using the time-dependent
receiver operating characteristic (ROC) curve and time-
dependent area under the ROC curve (AUC) [20]. All statistical
analyses were performed using R version 3.2.0 (R Foundation
for Statistical Computing, Vienna, Austria; https://www.R-pro-
ject.org/). Competing risk analysis was performed using pack-
age cmprsk (R package version 2.2-7. https://CRAN.R-project.
org/package5cmprsk).

RESULTS

Characteristics of the Study Population and Outcomes

The baseline characteristics of our population (n 5 843) are
summarized in Table 1. With the exception of patients who
underwent surgery, in whom low-molecular weight heparin
was routinely continued up to 4 weeks after discharge, no
patient received heparin prophylaxis or platelet-active drugs at
the enrollment time and throughout the study period.

The median observation period of the entire population
was 8.3 months (interquartile range 5.9–11.4). Overall 73
(8.6%) VTEs were diagnosed. All thrombotic events were non-
fatal: 45% (n 5 33/73) occurred exclusively at lower limbs, 18%
(n 5 13/73) at head and neck veins, 15% (n 5 11/73) at major
abdominal veins, and 11% (n 5 8/73) at multiple site. Pulmo-
nary embolism occurred in 11% (n 5 8/73). Among the VTE
events screened with ultrasound, only 0.07% (5/73 patients)
were asymptomatic and occurred at the following sites: four at
lower limbs and one at jugular vein. Among all upper limb
events, only one was related to the presence of a central
venous catheter. Silent PE or abdominal thrombosis were com-
monly diagnosed with CT scan, which was part of the routine
assessment. The total percentage of asymptomatic events is
31% (23/73).

All VTE events are summarized in Table 3.

Risk Assessment and Rate of Thrombotic Events

According to Khorana Score

According to the available clinical characteristics at baseline,
the Khorana score was calculated on 96.4% of the study popu-
lation (n 5 813) patients, as shown in Table 4. The cumulative
incidence of VTE at 12 months in the three Khorana risk groups
was 8.8% (n 5 32), 9.2% (n 5 30), and 21.7% (n 5 11),
respectively.

The sHR for developing a VTE was 2.74 (95% CI: 1.38 to
5.44, p 5 .004) and 1.08 (95% CI: 0.66 to 1.78, p 5 .749) for
Khorana high and intermediate risk, respectively, compared

Table 3. Distribution of venous thromboembolisms

VTE events Upper limbs Lower limbs Pulmonary embolism Abdominal veins

Symptomatic 11 34 1 4

Asymptomatic 4a 1a 7b 11b

Total (n573) 15 35 8 15
aVTE events detected by U.S. screening.
bVTE events detected during imaging work-up.
Abbreviation: VTE, venous thromboembolism.
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with the Khorana low-risk category. Assuming the Khorana
score as a continuous predictor, every unit increase in the score
led to a 47% increase in the risk of developing VTE (sHR 1.47,

95% CI 1.01 to 2.13, p 5 .045).When the six variables included
in the Khorana score were separately analyzed, only the very
high-risk primary site of cancer (stomach and pancreas)

Table 4. Performance of Khorana score in the ONKOTEV trial

Thrombotic events

Khorana variables Overall (n 5 843) Yes (n 5 73) No (n 5 770) HR [95% CI] p value

BMI (kg/m2) �35 53 (6.4) 6 (8.2) 47 (6.2) 1.31 [0.57; 3.01] .519

Prechemotherapy platelet count �350 3 109/L 121 (14.4) 12 (16.4) 109 (14.2) 1.17 [0.63; 2.15] .618

Prechemotherapy leukocyte count >11 3 109/L 56 (6.7) 4 (5.5) 52 (6.8) 0.81 [0.29; 2.25] .694

Hemoglobin level <100 g/L or use of red cell
growth factors

112 (13.5) 10 (14.3) 102 (13.4) 1.07 [0.55; 2.09] .848

Site of cancer

Very high risk (stomach, pancreas) 86 (10.2) 15 (20.5) 71 (9.2) 2.52 [1.40; 4.52] .002

High risk (lung, gynecologic, genitourinary
excluding prostate)

162 (19.2) 14 (18.92) 148 (19.2) 1.23 [0.67; 2.25] .500

Other tumors (breast, colorectal, head and neck) 595 (70.6) 44 (60.3) 551 (71.6) — —

Khorana Score (n 5 813)

>2 (High risk) 56 (6.9) 11 (15.1) 45 (6.1) 2.88 [1.38; 5.44] .004

1–2 (Intermediate risk) 352 (43.3) 30 (41.1) 322 (43.5) 1.08 [0.66; 1.78] .749

0 (Low risk) 405 (49.8) 32 (43.8) 373 (50.4) — —

Khorana Score (continuous) 1.47 [1.01; 2.13] .045

Abbreviations: —, no data; CI, cumulative incidence; BMI, body mass index; HR, hazard ratio.

Table 5. Predictive factors for venous thromboembolism at univariate analysis

VTE, n (%)

Yes (n 5 73) No (n 5 770) sHR [95% CI] p value

Agea 606 12 596 12 1.01 [0.99; 1.03] .447

Female, n (%) 44 (60.3) 515 (66.9) 0.76 [0.48; 1.22] .251

Positive family history for VTE n (%) 12 (16.4) 147 (19.1) 0.82 [0.44; 1.52] .5167

Personal history of VTE, n (%) 16 (21.9) 67 (8.7) 2.64 [1.53; 4.57] < .001

History of arterial events, n (%) 5 (6.8) 47 (6.1) 1.09 [0.44; 2.70] .854

Chronic venous insufficiency, n (%) 27 (37) 232 (30.2) 1.33 [0.83; 2.13] .243

Adenocarcinoma histology, n (%) 55 (76.4) 622 (81.8) 0.72 [0.42; 1.23] .227

Mucinous type cancer, n (%) 7 (9.6) 35 (4.5) 2.12 [0.96; 4.59] .063

Metastatic disease, n (%) 59 (80.8) 406 (52.8) 3.61 [2.01; 6.44] < .001

Grading �3, n (%) 23 (43.4) 353 (56) 0.62 [0.36; 1.06] .083

Spinal cord injury, n (%) 2 (2.7) 7 (0.9) 3.71 [0.82; 16.9] .036

Vascular/lymphatic macroscopic compression, n (%) 17 (23.3) 52 (6.8) 3.77 [2.19; 6.49] < .001

Vertebral collapse, n (%) 2 (2.7) 12 (1.6) 1.78 [0.44; 7.25] .422

Upper or lower limbs edema, n (%) 15 (20.5) 52 (6.7) 2.42 [1.49; 3.94] < .001

Surgery, n (%) 21 (28.8) 375 (48.7) 0.44 [0.27; 0.73] .001

Number of drugs administred �3, n (%) 8 (11.9) 82 (12.3) 0.96 [0.45; 2.01] .892

Cisplatin-based, n (%) 12 (17.9) 72 (10.8) 2.02 [1.04; 3.91] .037

Other platinum-based compounds, n (%) 23 (34.3) 210 (31.4) 1.29 [0.75; 2.20] .350

Nonplatinum based chemotherapy, n (%) 32 (47.8) 386 (57.8) — —

Targeted agents, n (%) 12 (16.4) 220 (28.4) 0.51 [0.27; 0.94] .031

Endocrine therapy, n (%) 4 (5.5) 135 (17.5) 0.27 [0.10; 0.75] .012

Radiotherapy, n (%) 15 (20.5) 140 (18.1) 1.15 [0.65; 2.02] .628

Ongoing antiplatelet therapy, n (%) 7 (9.6) 94 (12.2) 0.76 [0.35; 1.65] .494

Central venous catheter, n (%) 41 (56.2) 272 (35.3) 2.28 [1.44; 3.62] < .001
aData are reported as mean6 standard deviation.
Abbreviations: —, no data; CI, cumulative incidence; sHR, subdistribution hazard ratio; VTE, venous thromboembolism.
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significantly predicted VTE (s-HR 2.52, 95% CI: 1.40 to 4.52,
p 5 .002) in the present population.

Multiparametric Risk Assessment

The risk factors that significantly increased the risk of VTE at
univariate analysis are summarized in Table 5. In the multivari-
ate analysis, after bootstrap validation, the factors that inde-
pendently showed a significant association with the outcome
are shown in Table 6. In order to set up a multi-item score, we
assigned one point to each of these four variables, as shown in
Table 7. The cumulative incidence function for developing a VTE
in the four categories of the score is shown in Figure 1. The
cumulative incidence probability at 12 months in patients with
ONKOTEV score 0, 1, 2, and >2 is, respectively, 3.69% (95% CI:
1.07% to 6.31%), 9.74% (95% CI: 6.53% to 12.94%), 19.39%
(95% CI:10.1% to 28.68%), and 33.87% (95% CI:20.32% to
47.41%). The sHR of developing a VTE in the ONKOTEV
“score5 1”, “score5 2” and “score> 2” risk categories were
3.29 (95% CI: 1.57 to 6.89, p 5 .002), 6.54 (95% CI: 2.84 to
15.03, p< .001), and 13.74 (95% CI 6.08 to 31.07, p< .001)
respectively, considering ONKOTEV “score5 0” as reference
category. Time dependent AUCs were significantly higher for
the new score with respect to the Khorana score at 3 months
(71.9% vs. 57.9%, p 5 .001), 6 months (75.4% vs. 58.6%,
p< .001), and 12 months (69.8% vs. 58.3%, p 5 .014).

DISCUSSION

The stratification of VTE risk in cancer outpatients is an emerg-
ing area of investigation. Current guidelines recommend the
use of primary thromboprophylaxis only in patients with multi-
ple myeloma receiving thalidomide or lenalidomide, especially
when combined with high-dose dexamethasone. As for the
other cancer settings, the international panels emphasize the
need for stratifying the VTE risk by easy-to-use tools that have
emerged in the last few years [21–24]. The mostly widespread,
the Khorana risk-scoring method, is based on five variables and
is able to stratify cancer patients into three risk categories (low
risk for a 0-point score, intermediate risk for 1- or 2-point score,
and high risk if the point score>2) [11].

Although achieving a good risk stratification of cancer out-
patients, the Khorana score has, in our opinion, some weak-
nesses: (a) in spite of the relevant patient cohort (2,701
individuals) evaluated, the VTE incidence is rather low (2.2%),
maybe due to the relatively short median observation period
(73 days); (b) the validation of the score was retrospectively
carried out; (c) the proportion of hospitalized/ambulatory can-
cer patients is not reported; (d) additional tumor-related VTE
risk factors (e.g., the impact of poly-chemotherapy, endocrine

therapy, and/or target therapies) were not analyzed; and (e)
anatomic conditions predisposing to VTE as the presence of
central venous catheter or the encasement of vascular struc-
tures by the tumor have not been considered.

Two years later, the predictive effectiveness of the Khorana
score has been confirmed and improved by the Vienna Cancer
Group study, with the addition of two laboratory parameters:
D-dimer and P-selectin [25], chosen according to previous
findings from the same authors [13, 26, 27]. In the study, the
population was more heterogeneous, including patients with
different cancer types and patients who had not received
chemotherapy within the previous 3 months but undergone
radiotherapy or surgery within the last 2 weeks. As for primary
cancer sites, high-grade gliomas and lymphomas were
included in the analysis, allocating brain tumors to the “very
high-risk” sites group and multiple myeloma to the “high-risk”
sites group. In addition, the median follow-up (2 years) was
significantly longer than Khorana’s work. However, the evalua-
tion of highly specific biomarkers, like P-selectin, significantly
reduces its widespread clinical use and increases the overall
costs for the VTE risk assessment.

In our experience, 843 patients with active cancers were
prospectively assessed, collecting clinical and laboratory
data. We pioneered an extensive screening with upper and
lower limbs ultrasound to all patients to have the most pre-
cise incidence of VTE in cancer outpatients; we also explored
the efficacy of the existing Khorana risk model in our
population.

Several tumor or treatment-related risk factors, selected
according to previous evidences, were investigated in our 843
patients [28–34]. The number and type of chemotherapeutic
agents administered in monotherapy or in combination, the
impact of novel target agents (especially those with antiangio-
genic activity), the macroscopic involvement of vascular struc-
tures for tumor compression or infiltration, the stage of disease
(localized or metastatic), and the role of other antitumoral
strategies (radiotherapy, endocrine therapy, surgery) appeared
to be relevant as to an integrated evaluation of the individual
risk. This makes the patients of the ONKOTEV trial rather com-
parable to everyday patient populations. A previous personal
history of VTE is related to any VTE that occurred more than 6
months before enrollment. Patients who were still receiving
anticoagulation therapy for VTE—even for one that had
occurred more than 6 months before study evaluation—were
not included in the protocol. One concern may be raised about
the distribution of primary sites in the ONKOTEV population,
which is certainly not fully balanced and is not exactly reflecting
the epidemiological frequency of tumor diseases. However, the
prevalence of primary sites reflects precisely what we see every
day in outpatient treatment units, where, for instance,

Table 6. Predictive risk model

Predictors sHR [95% CI] p value

Khorana score >2 2.51 [1.26; 5.02] < .001

Metastatic disease 3.09 [1.73; 5.554] < .001

Vascular/lymphatic
macroscopic compression

2.64 [1.47; 4.74] .001

History of VTE 2.09 [1.13; 3.87] .009

Abbreviations: CI, cumulative incidence; sHR, subdistribution hazard
ratio; VTE, venous thromboembolism.

Table 7. The ONKOTEV score

Risk factor Score

Khorana score >2 1

Previous venous thromboembolism 1

Metastatic disease 1

Vascular/lymphatic macroscopic compression 1

Total ONKOTEV score 4
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metastatic lung cancer is less frequently treated than meta-
static colorectal cancer. The goal of the ONKOTEV trial is to
observe a mixed population of patients typically treated in an
outpatient setting. Another concern could be related to lym-
phovascular macroscopic compression assessment; however,
standardized imaging, like CT scan or MRI, have accurately
detected and discriminated compression by other forms of vas-
cular involvement (like encasement or direct infiltration).

In our population, we registered only one CVC-related VTE
among all upper limb events; this is probably imputable to the
improvement in types, implantation techniques, and manage-
ment of port-a-caths in recent years. In this direction, we may
assume that traditional separation between cancer-related and
CVC-related thrombosis may have its drawbacks.

As for PEs rates, we registered an incidence of 11%. Even
though we can reasonably consider this finding similar to the
other major evidences, wemay speculate that peripheral screen-
ing has contributed to prevent a further increase in PE incidence,
by early management of a deep vein thrombosis with anticoagu-
lation therapy. We additionally analyzed the effect of both
cisplatin-based regimen and other platinum compounds. Sur-
prisingly, the VTE risk associated with cisplatin was found to be
statistically significant only in the univariate, but not in the multi-
variate analysis. If we speculate on reasons, we should take into
consideration that—apart from its own increased VTE risk—cis-
platin infusion is often associated with other chemotherapic
agents in more complex 3- to 5-day scheduled regimens, which
are often given in an inpatient setting (e.g., cisplatin-etoposide
for small cell lung cancer or PEB regimen for testicular cancer).
As inpatients were excluded from the ONKOTEV trial, those
receiving cisplatin-based chemotherapy in an outpatient setting
may not suffer the additional VTE risks related to the
hospitalization.

At the multivariate analysis, it was found that a Khorana
score >2 independently predicted the outcome as much as
the presence of one of the following three clinical covariates:
metastatic disease status, vascular/lymphatic compression, or

previous history of VTE (Table 5); therefore, the derived multi-
item score includes these four variables.

Upper and lower limb edema, spinal cord injury, surgery,
central venous catheter, or endocrine therapy are not included
in the final score, because after bootstrap validation, the fac-
tors that independently showed a significant association with
the outcome are only those included in the final score.

Compared with a 3.7% marginal probability in patients
with an ONKOTEV score of 0, those with an ONKOTEV score> 2
exhibited a very high marginal probability of developing VTE
(33.87) at 12 months (Table 7). Thus, in our cohort, the derived
model was characterized by a higher predictive power com-
pared with the Khorana score. This is also remarked by the fur-
ther evidence that, in our ambulatory population, 49.8% of
patients (n 5 405/843) had a Khorana score of 0. Among them,
7.9% (n 5 32/405) developed a VTE and, as a consequence,
32/73 (43.8%) of VTE cases were not identified by Khorana
score in the present setting. In addition, the marginal probabil-
ity of VTEs at 12 months was very similar in the Khorana low-
and intermediate-risk groups (8.8% and 9.2%, respectively),
suggesting a limited power of the Khorana score in stratifying
patients with mild to moderate risk of venous thromboembo-
lism. Moreover, by analyzing the individual variables included
in the Khorana score, only the “very high-risk primary site” vari-
able (pancreas, stomach) significantly predicted VTE events in
the present ambulatory population (p 5 .02). Surgery—a tradi-
tional risk factor for VTE—in our population most likely contrib-
uted little to the VTE events detected. As part of the routine
clinical management, low molecular weight heparin is prophy-
lactically used after discharge from surgery for up to 4 weeks.
In contrast, with regard to endocrine therapy, we can speculate
that the recent spread of aromatase inhibitors, both in adju-
vant and metastatic breast cancers, may have reduced the high
VTE incidence with tamoxifen reported in the past.

One criticism of the ONKOTEV study could be the fact that
not all of the observed events for calculation of the ONKOTEV
score were symptomatic or clinically relevant at the timepoint of
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Figure 1. Cumulative incidence function for the risk of developing a venous thromboembolism according to the ONKOTEV score.
Abbreviation: CI, confidence interval.
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detection, for example, by ultrasound screening or by thoraco-
abdominal CT or MRI in the context of staging or re-staging of
the tumoral disease. However, even though they may not be
not clinically relevant at the timepoint of screening, deep vein/
major abdominal vein thromboses are in some cases followed
by PE, which is a major cause of cancer-related morbidity and
mortality. On the other hand, the inclusion of such events
improved the capability of the ONKOTEV score to detect the real
incidence of VTEs.

Future research should also consider implementation of
biomarkers, especially soluble plasma factors. Tissue factor-
bearing microparticle, for example, is increased in plasma
and in tumor tissue, playing an interesting role in the angio-
genic process, hemostasis, and tumor progression. We have
tried to separately investigate the role of D-dimer and P-
selectin according to the Ay et al. score [13], but we were
able to measure D-dimer and P-selectin in only 150 patients.
Because the limited data cannot be implemented into our
clinical risk score, we are planning to separately report these
findings.

CONCLUSION
We here show that by adding three commonly employed easy-
to-integrate clinical parameters (i.e., metastatic disease,
malignancy-related macroscopic vascular or lymphatic com-
pression, and a history of VTE), the prediction of VTE by the
Khorana score may be improved in ambulatory cancer patients.

As for the large majority of previous reports in the field, we
detected asymptomatic VTE by performing an extensive Dopp-
ler ultrasound examination and a careful evaluation of CT
scans.

Although the bootstrap approach that we used may have
reduced the risk of overfitting, an independent validation
cohort is the mandatory next step for the present derived risk
score. This is the goal of the ONKOTEV-2 study, as recently
endorsed and approved by the European Organization for
Research and Treatment of Cancer Young Investigators
Program.
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For Further Reading:

Patrizia Ferroni, Fiorella Guadagni, Anastasia Laudisi et al. Estimated Glomerular Filtration Rate Is an Easy Predictor of Venous
Thromboembolism in Cancer Patients Undergoing Platinum-Based Chemotherapy. The Oncologist 2014;19:562–567.

Implications for Practice:

All major society guidelines currently recommend no thromboprophylaxis for chemotherapy-treated cancer outpatients. Nonethe-
less, there is a common need to identify risk assessment models that may be predictive of cancer-associated venous thromboembo-
lism in at-risk patients who might benefit from appropriate prevention measures. In this respect, the Khorana score correctly
assigns patients to the high-risk category; however, clinical decision making remains challenging in approximately 50% of patients,
who fall in the intermediate risk class. Assessment of pretreatment estimated glomerular filtration rate could represent a simple
and cost-effective predictor of venous thromboembolic events, at no additional cost to health care systems.
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