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abstract

PURPOSE Venous thromboembolism (VTE) is a leading cause of death among patients with cancer. The Khorana
score was developed for assessing the risk of VTE in outpatients with cancer receiving chemotherapy, but its
accuracy in identifying patients at high risk has been questioned. The aim of this study was to develop and
validate a clinical-genetic score that improves the assessment of VTE risk in oncology outpatients within
6 months of diagnosis.

METHODS The new score was developed using the data of 364 outpatients belonging to the Spanish
ONCOTHROMB12-01 population. In this cohort, clinical data associated with the risk of VTE were collected at the
time of diagnosis, including the Khorana score. These patients were also genotyped for the 51 genetic variants
known to be associated with VTE. Multivariate logistic regression was performed to determine the weight of each
genetic and clinical variable in relation to VTE risk, allowing a clinical-genetic risk score (the ONCOTHROMB
score) to be developed. The Khorana and the ONCOTHROMB scores were then compared via the area under the
receiver operating characteristic curve (AUC), calibration, and the number of patients needed to treat. The new
score was then validated in a study of 263 patients in the Vienna Cancer and Thrombosis Study population.

RESULTS Nine genetic variants, tumor site, TNM stage, and a body mass index of. 25 kg/m2 were found to be
associated with VTE and were used to build the ONCOTHROMB score, which better predicted the overall risk of
VTE than did the Khorana score (AUC, 0.781 v 0.580; P , .001). Similar AUC results were recorded in the
validation study the Vienna Cancer and Thrombosis Study cohort involving patients with the same type of tumor
(AUC for the ONCOTHROMB score v the Khorana score: 0.686 v 0.577; P , .001) and with all type of tumors
(AUC for the ONCOTHROMB score v the Khorana score: 0.720 v 0.561; P , .0001).

CONCLUSION The ONCOTHROMB score for VTE risk in outpatients with cancer, which takes into account both
clinical and genetic variables, better identifies patients whomight benefit from primary thromboprophylaxis than
does the Khorana score.
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INTRODUCTION

Venous thromboembolism (VTE) is a serious and
common complication in patients with cancer; indeed, it
is among the leading causes of death.1 The incidence of
VTE in patients with cancer is higher than in the general
population, especially during the first few months after
diagnosis, and after starting chemotherapy.2,3 A VTE
episode can have clinical and economic implications
with a profound impact on patient mortality, an overall
poorer prognosis,4 and quality of life.1

Guidelines4-7 suggest that most hospitalized patients
with active cancer should receive thromboprophylaxis.
However, in the outpatient setting, thromboprophy-
laxis has only been suggested for patients at high risk
of VTE.7-9 Outpatients with cancer can be assessed for
VTE risk, for which the use of the Khorana score10 is
suggested. However, it has been questioned whether
the Khorana score identifies high-risk patients with
sufficient accuracy,11-13 and attempts have therefore
been made to develop better models.7,14-17 Certainly,
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there is a need to better stratify patients with cancer
according to their risk of VTE; this would help identify those
for whom thromboprophylaxis is most indicated.

In addition to clinical risk factors, prothrombotic genetic
factors have been associated with an increased risk of
VTE in patients with cancer.18,19 For instance, the Vienna
Cancer and Thrombosis Study (Vienna-CATS) and the
Tromsø cohort have reported that patients with cancer
who are carriers of FS gene variants (rs6025 and rs4524)
are at increased risk of VTE.19,20 In addition, the asso-
ciation of VEGFA-1154AA variant with the risk of
chemotherapy-triggered VTE,21 and the interaction be-
tween MTHFR C677T and SERPINE1 4G/5G polymor-
phisms have also been published to be associated to
increase the risk of VTE.22 In this context, our group
provided proof-of-concept that a risk score incorporating
clinical and genetic factors23 can return significantly
better results than the Khorana score in terms of iden-
tifying patients with cancer at high risk of VTE.16 The aim
of this study was to develop a new, clinical-genetic score
that takes also into account the genetic variants identified
with solid and strong association with VTE in genome-
wide association studies.24,25 and that has greater dis-
criminatory power than the Khorana score in terms of
identifying patients at risk of VTE within 6 months of di-
agnosis. The new score was externally validated in a
cohort of patients from the Vienna-CATS study.

METHODS

Study Subjects

The new ONCOTHROMB score was developed for pre-
dicting the risk of suffering a VTE within 6 months of
a cancer diagnosis, using the data collected at diagnosis
for patients in the ONCOTHROMB 12-01 study

previously described.16 Of the 406 patients included in
ONCOTHROMB 12-01 study, we could only include 364
patients because in 42 of the 406 patients, one or more of
the data items to be included (mainly genetic variants) in
the different analysis were missing. However, we did not
find any significant differences between the populations
included and not included in the study (Data Supplement,
online only).

The new score was validated using the clinical and genetic
data of 263 patients included in the Vienna-CATS study.26

These subjects had the same primary cancers as those
seen in the ONCOTHROMB 12-01 cohort. Both the
ONCOTHROMB 12-01 and Vienna-CATS studies were
approved by the ethics committees of the participating
hospitals. All patients provided written informed consent to
be included.

The present report adheres to the Transparent Reporting of
a Multivariable Prediction Model for Individual Prognosis or
Diagnosis guidelines,27 and to the STARD2015 guidelines28

for reporting studies on diagnostic accuracy.

Genetic Analysis

Both the ONCOTHROMB 12-01 (development cohort) and
Vienna-CATS (validation cohort) patients were genotyped
for the genetic variants mainly identified in genome-wide
analysis as associated with VTE shown in the Data Sup-
plement using DNA from blood extracted at the time of
diagnosis. Genotyping was performed using TaqMan
genotyping assays and the EP1 Fluidigm (an efficient end
point polymerase chain reaction system for high-
throughput SNP genotyping).

Diagnosis of VTE Events

VTE events were verified by objective imaging methods.
Deep vein thrombosis in the lower limbs was diagnosed by
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ultrasound or ascending venography. Pulmonary embolism
was diagnosed by ventilation-perfusion lung scanning,
pulmonary angiography, or spiral computed tomography.
Intracranial venous thrombosis was diagnosed by magnetic
resonance imaging.

Development of the ONCOTHROMB Risk Score

The development of the ONCOTHROMB risk score has
been done following the method previously described,16

and summarized in the Data Supplement.

Comparing the ONCOTHROMB and Khorana Scores

The Khorana score and the ONCOTHROMB score were
calculated for each patient at the time of study inclusion,
and their accuracy in terms of predicting observed VTE
events compared. This was done by assessing the dis-
crimination capability as the area under the receiver
operating characteristic curve (AUC; larger values indi-
cate better discrimination)29 and the calibration or the
goodness to fit using the Hosmer-Lemeshow test.30

Sensitivity, specificity, positive predictive value and
negative predictive value (PPV and NPV), and positive
likelihood ratio (LR) and negative LR31 were determined
for specific cutoff points. For the Khorana score, the
cutoff defining high risk was set at three or higher.3 The
ONCOTHROMB score cutoff point defining high risk was
identified using the Youden J statistic as the point that
maximizes the Youden index (defined as sensitivity 1
specificity – 1).32

The Khorana and ONCOTHROMB risk scores were then
compared in both the ONCOTHROMB 12-01 and Vienna-
CATS populations.

Validation of ONCOTHROMB Risk Score

As criteria for validating, we established that the AUCs
calculated for Vienna-CATS population for ONCOTHROMB
risk score were statistically superior to the Khorana score. In
addition, we established that also in both populations
(ONCOTHROMB 12-01 and Vienna-CATS), the AUCs were
not statistically different.

We have also calculated the number of patients needed to
treat (NNT) and we extended the validation including all the
patients in the Vienna-CATS study and not only those with
the same tumor as in ONCOTHROMB population (Data
Supplement).

Statistical Analysis

Continuous variables were described as means6 standard
deviation, and categorical variables as proportions. Con-
tinuous variables were compared using the Student t-test or
Mann-Whitney U test as required. Categorical variables
were compared using the x2 or Fisher exact tests. The
DeLong test was used to examine the difference between
AUCs. All calculations were made using MedCalc Statistical
Software v.18.11.3 (MedCalc Software bvba, Ostend,
Belgium33; 2019).

RESULTS

Characteristics of the ONCOTHROMB 12-01 and

Vienna-CATS Patients

Table 1 shows the clinical and demographic characteris-
tics, and Table 2 the distribution of genotypes, for the 364
ONCOTHROMB 12-01 and 263 Vienna-CATS patients.
The overall incidence of VTE was 17.86%. Patients suf-
fering from pancreatic cancer experienced VTEs at a sig-
nificantly higher frequency (41.18%) than did those with
other type of cancer (P , .001). The frequency of the
genetic variants rs11696364 and rs2289252 was signifi-
cantly higher in patients who experienced a VTE (Table 2).

Development of the ONCOTHROMB Score

Table 3 shows the genetic and clinical factors that were
associated with an increased risk of a VTE event (P # .25)
in multivariate analysis, and thus selected for inclusion in
the development of the ONCOTHROMB score. Although
rs6025 (Factor V Leiden) did not fulfill this inclusion cri-
terion, it was included since there is strong evidence of its
bearing on risk estimates for VTE in patients with
cancer.18-20,34-37

Accuracy of the ONCOTHROMB and Khorana Scores

The ONCOTHROMB score showed significantly greater
capacity than the Khorana score to distinguish between
patients who would experience/not experience a VTE event
(AUC, 0.781 v 0.580; P, .001; Table 4). The sensitivity of
the ONCOTHROMB score was also significantly better
than that of the Khorana (81.54% v 22.54%; P , .001),
while the specificity of the Khorana score was higher
(65.22% v 81.76%; P , .0001). The PPV and NPV values
of the ONCOTHROMB score were significantly higher than
those of the Khorana score (PPV, 33.758% v 23.63%;
P 5 .0025, and NPV, 94.20% v 87.84%; P 5 .0027), as
were the LRs (LR1, 2.34 v 1.42; P, .0001, and LR–, 0.28
v 0.63; P , .0001; for LR1, higher values are better than
lower, and for LR–, lower values are better than higher;
Table 4). LR values are useful measures of diagnostic
accuracy.38 LR1 indicates how many times more likely a
positive test result occurs in subjects with the disease than
in those without the disease. LR– indicates howmany times
more likely a negative test result occurs in subjects with the
disease than in those without the disease. Unlike PPV and
NPV, neither LR1 nor LR– depends on disease prevalence.
The ONCOTHROMB score calibrates well as the goodness
to fit shows that the prediction does not significantly differs
from the real data (P 5 .2693).

The NNT values were (1) 12, if all patients included in the
study had been treated; (2) 10, if only the patients with a
Khorana score of $ 3 had been treated, and (3) six if only
patients with a high ONCOTHROMB score (with the cutoff
set at the maximum Youden index value) had been treated.
Under the criteria of drug effectiveness used (ie, a re-
duction in cancer-associated VTE of 46%), the Khorana
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TABLE 1. Clinical and Demographic Characteristics of ONCOTHROMB and CATS Populations

Characteristic

ONCOTHROMBa CATSa

VTE (n 5 65) No VTE (n 5 299) P VTE (n 5 30) No VTE (n 5 233) P

Sex, No. (%)

Female 26 (40.00) 105 (35.10) .4560 12 (40.00) 94 (40.34) .9715

Male 39 (60.00) 194 (64.90) .4560 18 (60.00) 139 (59.66) .9715

Age, years, mean (SD) 64.1 (11.30) 64.4 (10.60) .8390 64.27 (10.64) 64.83 (10.71) .9907

Family history of VTE, No. (%)

No 61 (93.80) 288 (96.30) .3600 ND ND

Yes 4 (6.15) 11 (3.68) .3640 ND ND

BMI, No. (%)

, 25 33 (50.80) 160 (53.50) .6930 17 (56.67) 132 (56.66) .9992

25-30 21 (32.30) 101 (33.80) .8160 10 (33.33) 67 (28.75) .6045

. 30 11 (16.90) 38 (12.70) .3690 3 (10.00) 34 (14.59) .4969

Current smoking, No. (%)

No 44 (67.70) 235 (78.60) .0600 13 (43.33) 143 (61.38) .0587

Yes 21 (32.30) 64 (21.40) .0600 17 (56.67) 90 (38.62) .0587

Pregnancy, No. (%)

No 65 (100.00) 296 (99.00) .4190 30 (100.00) 233 (100.00)

Yes 0 (0.00) 3 (1.00) .4190 0 0

Diabetes, No. (%)

No 54 (83.10) 240 (80.30) .5910 28 (93.33) 200 (85.83) .2560

Yes 11 (16.90) 59 (19.70) .6030 2 (6.67) 33 (14.16) .2565

Dyslipidemia, No. (%) 27 (41.50) 99 (33.10) .2500 3 (10.00) 27 (11.59) .7969

Hypertension, No. (%) 31 (47.70) 134 (44.80) .7760 14 (46.67) 99 (42.49) .6639

Tumor type, No. (%)

Colorectal 20 (30.80) 132 (44.10) .0490 6 (20.00) 54 (23.18) .6966

Pancreas 28 (43.10) 40 (13.40) , .0001 8 (26.67) 42 (18.03) .2573

Lung 9 (13.80) 73 (24.40) .0640 12 (40.00) 114 (48.93) .3577

Esophagus 2 (3.08) 11 (3.68) .8130 0 0

Stomach 6 (9.23) 43 (14.40) .2690 4 (13.33) 23 (9.87) .5575

Stage, No. (%)

I 1 II 4 (6.15) 61 (20.40) .0060 4 (13.33) 43 (18.45) .4916

III 14 (21.50) 117 (39.10) .0070 5 (16.67) 45 (19.31) .7292

IV 47 (72.30) 121 (40.50) , .0001 21 (70.00) 145 (62.24) .4079

VTE risk tumor type (according
to Khorana score), No. (%)

Low risk 22 (33.80) 143 (47.80) .0400 10 (33.33) 54 (23.18) .2236

High risk 9 (13.80) 73 (24.40) .0600 12 (40.00) 114 (48.93) .3577

Very high risk 34 (52.30) 83 (27.80) .0001 8 (26.67) 65 (27.89) .8885

Leukocyte . 11 3 109/L, No. (%) .6340

No 51 (78.50) 245 (81.90) .5240 23 (76.67) 207 (88.84) .0587

Yes 14 (21.50) 54 (18.10) .5260 7 (23.33) 26 (11.16) .0587

Platelets . 350 3 109/L, No. (%) .5180

No 53 (81.50) 230 (76.90) .4190 23 (76.67) 187 (80.26) .6451

Yes 12 (18.50) 69 (23.10) .4190 7 (23.33) 46 (19.74) .6451

(continued on following page)
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score would have helped prevent 19 of the 65 VTE de-
tected, while the ONCOTHROMB score would have helped
prevent 24. The administration of prophylactic treatment to
all the patients included in the cohort would have helped
prevent 30 VTE events with a nonsignificant higher risk of
major bleeding events.39

Validation of the ONCOTHROMB Score

In the Vienna-CATS population, the overall incidence of
VTE was significantly lower than that observed in the
ONCOTHROMB 12-01 population (11.40% v 17.86%;
P 5 .0134). Neither cancer type nor TNM stage was as-
sociated with a higher incidence of VTE in the Vienna-CATS
cohort.

It is important to note that the proportions of patients with
pancreatic and stomach cancer in both cohorts were
similar, although colorectal and esophagus cancers were
more prevalent in the ONCOTHROMB 12-01 than in the
Vienna-CATS cohort, and lung cancer was more common
in the latter than in the former (Table 1). The incidence of
VTE in patients with pancreatic cancer was higher in the
ONCOTHROMB 12-01 than in the Vienna-CATS cohort
(41.18% v 16.00%; P 5 .0035), probably because of the
more advanced tumor stage of the patients in the former.
For all the other types of tumor, VTE incidence was similar
in both cohorts.

Differences were seen between the cohorts in terms of the
prevalence of genetic variants significantly associated with
VTE (Table 2). In the ONCOTHROMB 12-01 cohort,
rs11696364 was significantly more common in patients
with VTE, while in the Vienna-CATS cohort, rs6003 was
more common.

Accuracy of the ONCOTHROMB Score When Used With

the Vienna-CATS Cohort

In the Vienna-CATS cohort, the ONCOTHROMB score
returned an AUC of 0.686 (0.626-0.741; P , .0001), a
sensitivity of 76.67%, and a specificity of 59.23%. Its
PPV was 19.49%, NPV 95.17%, positive LR, 1.88, and

negative LR, 0.39 (Table 5). The Khorana score failed to
distinguish between patients who experienced/did not
experience a VTE event (AUC, 0.577; P 5 .1627).

The sensitivity of the ONCOTHROMB score was
significantly higher than that of the Khorana score
(76.67% v 20.00%; P , .0001), while the specificity
of the Khorana score was higher (59.23% v 89.27%;
P , .0001). The NPV of the ONCOTHROMB score was
significantly higher than that of the Khorana score
(95.17% v 89.65%; P5 .0169), and the LR– significantly
better (0.394 v 0.896; P , .0001). No differences were
seen for PPV and LR1 (PPV, 19.49 v 19.35; P 5 .9838,
and LR1, 1.88 v 1.84, P 5 .7281).

The NNT values were (1) 19, if all patients included in the
study had been treated; (2) 10, if only the patients with a
Khorana score of $ 3 had been treated, and (3) 10, if only
patients with a high risk ONCOTHROMB score (with the
cutoff set at the maximum Youden index value) had been
treated. Under the criteria of drug effectiveness used (ie, a
reduction in cancer-associated VTE of 46%), the Khorana
score could have helped prevent three of the 30 VTE de-
tected, while the ONCOTHROMB score could have helped
prevent 12. The administration of the prophylactic treat-
ment to all the patients included in the cohort could have
prevented 14 VTE with a nonsignificant higher risk of major
bleeding events.39

The difference in the AUC for the ONCOTHROMB score in
the ONCOTHROMB 12-01 and Vienna-CATS populations
was not significant (0.781 v 0.686; P 5 .070). Figure 1
shows the AUC for ONCOTHROMB score and for Khorana
score both in ONCOTHROMB 12-01 and Vienna-CATS
populations.

In the ONCOTHROMB 12-01 cohort, the Khorana score
declared 50 of the 65 patients who suffered a VTE as being
at low risk. The ONCOTHROMB score, however, reclas-
sified 41 of those 50 as being at high risk for VTE. In the
Vienna-CATS cohort, the Khorana score declared 24 of the
30 patients who suffered a VTE as being at low risk for VTE.

TABLE 1. Clinical and Demographic Characteristics of ONCOTHROMB and CATS Populations (continued)

Characteristic

ONCOTHROMBa CATSa

VTE (n 5 65) No VTE (n 5 299) P VTE (n 5 30) No VTE (n 5 233) P

Hemoglobin . 10 g/L, No. (%) .7760

No 61 (93.80) 282 (94.30) .8750 28 (93.33) 218 (93.56) .9616

Yes 4 (6.15) 17 (5.69) .8850 2 (6.67) 15 (6.44) .9616

Khorana score $ 3 15 (23.10) 53 (17.70) .3120 6 (20.00) 25 (10.73) .1391

D-dimer $ 1.44 mg/mL 17 (56.66) 53 (22.75) .0001

NOTE. No. of subjects with each type of cancer who has developed VTE in the population of ONCOTHROMB/CATS, and the P value of the analysis of those
numbers.
Abbreviations: BMI, body mass index; CATS, Cancer and Thrombosis Study; ND, no data; No VTE, no venous thromboembolic event; SD, standard

deviation; VTE, venous thromboembolic event.
aNo. of patients and percentage suffering from each type of cancer in the population of ONCOTHROMB (development) and CATS (validation).
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TABLE 2. For the Development (ONCOTHROMB) and Validation (Cancer and Thrombosis Study) Populations and for the Subgroups of VTE and No VTE, the
Number and Percentage of the Patients With Each of the Genotypes for Each Genetic Variant Analyzed Is Shown

Variable
No VTE

(n 5 299)
VTE

(n 5 65) P Gene Variant
No VTE

(n 5 299)
VTE

(n 5 65) P
No VTE

(n 5 233)
VTE

(n 5 30) P

rs4524 .127 rs4524 .127 .8853

CC 20 (6.69) 1 (1.54) CC 20 (6.69) 1 (1.54) 26 (11.16) 3 (10.00)

CT 110 (36.80) 20 (30.80) CT 110 (36.80) 20 (30.80) 86 (36.91) 11 (36.67)

TT 169 (56.50) 44 (67.70) TT 169 (56.50) 44 (67.70) 121 (51.93) 16 (53.33)

rs6003 .430 rs2227631 .256 .3159

AA 238 (80.10) 57 (87.70) AA 88 (29.40) 22 (33.80) 92 (39.48) 9 (30.00)

GA 57 (19.20) 8 (12.30) GA 142 (47.50) 34 (52.30) 103 (44.21) 16 (53.33)

GG 2 (0.67) 0 (0.00) GG 69 (23.10) 9 (13.80) 38 (16.31) 5 (16.67)

rs2070006 .992 rs268 .058 .4183

AA 38 (120.90) 8 (12.30) AA 294 (98.30) 61 (93.80) 228 (97.85) 30 (100.00)

GA 140 (47.50) 31 (47.70) GA 5 (1.67) 4 (6.15) 5 (2.15) 0

GG 117 (39.70) 26 (40.00) rs169713 .080 .6998

rs2066854 .628 CC 17 (5.69) 2 (3.08) 14 (6.01) 2 (6.66)

AA 184 (61.50) 37 (56.90) TC 126 (42.10) 19 (29.20) 94 (40.34) 11 (36.67)

TA 105 (35.10) 25 (38.50) TT 156 (52.20) 44 (67.70) 125 (53.65) 17 (56.67)

TT 10 (3.34) 3 (4.62) rs11696364 .006 .7195

rs3136516 .267 AA 0 (0.00) 2 (3.08) 1 (0.43) 0

AA 81 (27.20) 21 (32.30) CA 31 (10.40) 12 (18.50) 32 (13.73) 4 (13.33)

GA 161 (54.00) 28 (43.10) CC 268 (89.60) 51 (78.50) 200 (85.84) 26 (86.67)

GG 56 (18.80) 16 (24.60) rs5110 .091 .4911

rs2227631 .256 GG 257 (86.00) 50 (76.90) 197 (84.55) 26 (86.66)

AA 88 (29.40) 22 (33.80) TG 41 (13.70) 14 (21.50) 37 (15.88) 3 (10.00)

GA 142 (47.50) 34 (52.30) TT 1 (0.33) 1 (1.54) 0 0

GG 69 (23.10) 9 (13.80) rs6025 .637 .3414

rs268 .058 GG 314 (98.10) 68 (95.80) 220 (94.42) 27 (90.00)

AA 294 (98.30) 61 (93.80) GA 6 (1.90) 3 (4.20) 13 (5.58) 3 (10.00)

GA 5 (1.67) 4 (6.15) rs2232698 .205 .6845

rs9363864 .820 CC 293 (98.00) 62 (95.40) 228 (97.85) 29 (96.67)

AA 81 (27.10) 20 (30.80) CT 6 (2.01) 3 (4.62) 5 (2.15) 1 (3.33)

GA 139 (46.50) 28 (43.10) rs6003 .430 .0376

GG 79 (26.40) 17 (26.20) AA 238 (80.10) 57 (87.70) 209 (89.70) 23 (76.67)

rs9332695 . .999 GA 57 (19.20) 8 (12.30) 24 (10.30) 7 (23.33)

AA 283 (94.60) 62 (95.40) GG 2 (0.67) 0 (0.00) 0 0 (0.00)

TA 16 (5.35) 3 (4.62)

rs3753305 .291

CC 43 (14.50) 9 (13.80)

GC 142 (48.00) 25 (38.50)

GG 111 (37.50) 31 (47.70)

rs4149755 .162

AA 13 (4.38) 0 (0.00)

TA 9 (3.03) 3 (4.62)

TT 275 (92.60) 62 (95.40)

(continued on following page)
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TABLE 2. For the Development (ONCOTHROMB) and Validation (Cancer and Thrombosis Study) Populations and for the Subgroups of VTE and No VTE, the
Number and Percentage of the Patients With Each of the Genotypes for Each Genetic Variant Analyzed Is Shown (continued)

Variable
No VTE

(n 5 299)
VTE

(n 5 65) P Gene Variant
No VTE

(n 5 299)
VTE

(n 5 65) P
No VTE

(n 5 233)
VTE

(n 5 30) P

rs1613662 .812

AA 207 (69.20) 44 (67.70)

GA 85 (28.40) 19 (29.20)

GG 7 (2.34) 2 (3.08)

rs13146272 .852

AA 108 (37.00) 23 (35.40)

CA 124 (42.50) 30 (46.20)

CC 60 (20.50) 12 (18.50)

rs2227589 .367

CC 242 (81.20) 49 (75.40)

TC 53 (17.80) 15 (23.10)

TT 3 (1.01) 1 (1.54)

rs2289252 .035

CC 96 (32.80) 13 (20.30)

TC 136 (46.40) 41 (64.10)

TT 61 (20.80) 10 (15.60)

rs6050 .329

AA 166 (56.10) 38 (58.50)

GA 118 (39.90) 22 (33.80)

GG 12 (4.05) 5 (7.69)

rs1800788 .911

CC 194 (65.30) 41 (63.10)

TC 97 (32.70) 23 (35.40)

TT 6 (2.02) 1 (1.54)

rs1063856 .863

AA 124 (41.50) 26 (40.60)

GA 136 (45.50) 31 (48.40)

GG 39 (13.00) 7 (10.90)

rs2232354 .728

GG 60 (20.10) 10 (15.90)

TG 69 (23.20) 16 (25.40)

TT 169 (56.70) 37 (58.70)

rs2267667 .906

CC 149 (49.80) 31 (47.70)

GC 120 (40.10) 28 (43.10)

GG 30 (10.00) 6 (9.23)

rs3087505 . .999

CC 255 (85.30) 56 (86.20)

TC 40 (13.40) 8 (12.30)

TT 4 (1.34) 1 (1.54)

rs17844078 .680

CC 2 (0.67) 0 (0.00)

(continued on following page)
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TABLE 2. For the Development (ONCOTHROMB) and Validation (Cancer and Thrombosis Study) Populations and for the Subgroups of VTE and No VTE, the
Number and Percentage of the Patients With Each of the Genotypes for Each Genetic Variant Analyzed Is Shown (continued)

Variable
No VTE

(n 5 299)
VTE

(n 5 65) P Gene Variant
No VTE

(n 5 299)
VTE

(n 5 65) P
No VTE

(n 5 233)
VTE

(n 5 30) P

TC 34 (11.40) 9 (14.10)

TT 263 (88.00) 55 (85.90)

rs1884841 .630

CC 87 (29.10) 19 (29.20)

TC 149 (49.80) 29 (44.60)

TT 63 (21.10) 17 (26.20)

rs45454293 .898

AA 2 (0.67) 0 (0.00)

GA 43 (14.50) 10 (15.40)

GG 252 (84.80) 55 (84.60)

rs1039084 .814

AA 65 (21.80) 16 (24.60)

GA 150 (50.30) 30 (46.20)

GG 83 (27.90) 19 (29.20)

rs169713 .080

CC 17 (5.69) 2 (3.08)

TC 126 (42.10) 19 (29.20)

TT 156 (52.20) 44 (67.70)

rs16861990 .434

AA 279 (93.30) 59 (90.80)

CA 20 (6.69) 6 (9.23)

rs1208134 .405

AA 281 (94.00) 59 (90.80)

GA 18 (6.02) 6 (9.23)

rs2420371 . .999

AA 262 (87.90) 57 (87.70)

GA 36 (12.10) 8 (12.30)

rs10029715 .765

CC 5 (1.68) 2 (3.08)

TC 60 (20.10) 13 (20.00)

TT 233 (78.20) 50 (76.90)

rs78707713 .661

CC 8 (2.68) 1 (1.54)

TC 71 (23.70) 12 (18.50)

TT 220 (73.60) 52 (80.00)

rs2288904 .609

CC 160 (53.90) 39 (60.90)

TC 116 (39.10) 21 (32.80)

TT 21 (7.07) 4 (6.25)

rs11696364 .006

AA 0 (0.00) 2 (3.08)

CA 31 (10.40) 12 (18.50)

CC 268 (89.60) 51 (78.50)

(continued on following page)
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TABLE 2. For the Development (ONCOTHROMB) and Validation (Cancer and Thrombosis Study) Populations and for the Subgroups of VTE and No VTE, the
Number and Percentage of the Patients With Each of the Genotypes for Each Genetic Variant Analyzed Is Shown (continued)

Variable
No VTE

(n 5 299)
VTE

(n 5 65) P Gene Variant
No VTE

(n 5 299)
VTE

(n 5 65) P
No VTE

(n 5 233)
VTE

(n 5 30) P

rs6034465 .471

CC 205 (68.60) 48 (73.80)

TC 85 (28.40) 17 (26.20)

TT 9 (3.01) 0 (0.00)

rs1883888 .691

CC 143 (48.00) 35 (53.80)

TC 123 (41.30) 24 (36.90)

TT 32 (10.7) 6 (9.23)

rs7025486 .585

AA 15 (5.08) 5 (7.81)

AG 97 (32.90) 19 (29.70)

GG 183 (62.00) 40 (62.50)

rs2192824 .520

CC 111 (37.60) 24 (37.50)

TC 136 (46.10) 26 (40.60)

TT 48 (16.30) 14 (21.90)

rs5110 .091

GG 257 (86.00) 50 (76.90)

TG 41 (13.70) 14 (21.50)

TT 1 (0.33) 1 (1.54)

rs150611042: CC 299 (100.00) 65 (100.00)

rs3136520 . .999

CC 283 (95.00) 62 (95.40)

TC 15 (5.03) 3 (4.62)

rs2036914 .061

CC 99 (33.10) 18 (27.70)

TC 129 (43.10) 38 (58.50)

TT 71 (23.70) 9 (13.80)

rs1805010 .829

AA 112 (37.70) 23 (35.40)

GA 134 (45.10) 32 (49.20)

GG 51 (17.20) 10 (15.40)

rs6025 .637

GG 314 (98.10) 68 (95.80) .000

GA 6 (1.90) 3 (4.20) 1.000

rs1801020 . .999

CC 193 (64.50) 42 (64.60)

CT 95 (31.80) 21 (32.30)

TT 11 (3.68) 2 (3.08)

rs2232698 .205

CC 293 (98.00) 62 (95.40)

CT 6 (2.01) 3 (4.62)

(continued on following page)
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The ONCOTHROMB score, by contrast, reclassified 17 of
those 24 as being at high risk for VTE.

It is important to note that, when the validation was per-
formed with all types of tumors in the Vienna-CATS cohort,
the AUCs for the ONCOTHROMB score versus the
Khorana score were 0.720 versus 0.561, respectively
(P , .0001; Table 6).

DISCUSSION

When deciding whether to use primary thromboprophylaxis
in outpatients with cancer who are candidates for chemo-
therapy, a clinician needs to determine the risk of VTE and
weigh the potential benefit against the possibility of bleeding.
Despite the increasing awareness of cancer-associated VTE,
and the increasing evidence of the benefits of thrombopro-
phylaxis (including from randomized clinical trials40-45 and the
latest meta-analyses46-49), its use is limited among outpa-
tients. This is probably because of the suboptimal capacity of
the existing tools to predict the risk of experiencing a VTE
event. In phase III randomized studies of primary

thromboprophylaxis—the CASSINI and AVERT trials40,45—
patients were selected on the basis of a Khorana score of$ 2,
and the incidence of VTE in the placebo armswas 10.2%and
8.8% in these trials, respectively. The NNT for symptomatic
VTE in these two trials combined was 40, only marginally
more favorable than the NNT observed in low-molecular-
weight heparin trials that involved the use of no risk as-
sessment model50 (eg, in the SAVE ONCO trial,43 the NNT
was 46). A risk assessment model with better predictive
power might be used more often in clinical practice.

The present work presents a new predictive score, the
ONCOTHROMB score, which shows significantly greater
power to predict a VTE event than the Khorana score. In
the development phase, nine genetic variants indepen-
dently associated with VTE in outpatients with cancer
were detected (Table 3). These were combined into a
genetic risk score that showed a significant association
with VTE. The ONCOTHROMB score combines this ge-
netic risk score with three clinical variables also found to
be independently associated with VTE in outpatients with
cancer (Table 3).

TABLE 2. For the Development (ONCOTHROMB) and Validation (Cancer and Thrombosis Study) Populations and for the Subgroups of VTE and No VTE, the
Number and Percentage of the Patients With Each of the Genotypes for Each Genetic Variant Analyzed Is Shown (continued)

Variable
No VTE

(n 5 299)
VTE

(n 5 65) P Gene Variant
No VTE

(n 5 299)
VTE

(n 5 65) P
No VTE

(n 5 233)
VTE

(n 5 30) P

rs121909548 . .999

GG 297 (99.30) 65 (100.00)

GT 1 (0.33) 0 (0.00)

rs6025 .637

AG 6 (2.01) 2 (3.08)

GG 293 (98.00) 63 (96.90)

rs118203906 . .999

CG 2 (0.67) 0 (0.00)

GG 297 (99.30) 65 (100.00)

rs118203905: AA 299 (100.00) 65 (100.00)

rs5985 .695

GG 169 (56.50) 34 (52.30)

GT 113 (37.80) 26 (40.00)

TT 17 (5.69) 5 (7.69)

rs1799963 . .999

AA 1 (0.33) 0 (0.00)

AG 11 (3.68) 2 (3.08)

GG 287 (96.00) 63 (96.90)

AB0 .727

— 37 (56.90) 178 (59.50)

A1– 22 (33.80) 101 (33.80)

A1A1 6 (9.23) 20 (6.69)

Abbreviations: No VTE, no venous thromboembolic event; VTE, venous thromboembolic event.
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From a clinical point of view, the ONCOTHROMB score
identified patients at high risk significantly better than did
the Khorana score (AUC, 0.781 v 0.592; P , .0001;
Table 4). Among the patients identified at high risk by the
ONCOTHROMB score, 34% eventually suffered a VTE
event (Table 4); in comparison, 24% of the patients at high
risk according to the Khorana score suffered a VTE
(P 5 .025). Another demonstration of the clinical useful-
ness of the ONCOTHROMB score is its capacity to amend

the misclassifications made by the Khorana score; the
ONCOTHROMB score properly classified as being at high
risk 82% of those patients who developed a VTE—patients
the Khorana score identified as being at low risk.

Following the accepted recommendations for developing
and validating the new score,51,52 external validation was
performed in an independent cohort—that of the well-known
Vienna-CATS study. It is important to highlight that, in this
validation cohort, the AUC for the ONCOTHROMB score
was significantly higher than that for the Khorana score
(0.686 v 0.577; P, .0001) and not significantly different
to that obtained in the development (ONCOTHROMB
12-01) cohort, neither were differences seen in the
sensitivity, specificity, or NPV. However, the PPV was
significantly lower than in the ONCOTHROMB 12-01
cohort (19.42 v 33.375; P 5 .0001). Similarly, the AUC
and the sensitivity for the Khorana score in the validation
cohort were not significantly different to those obtained in
the development cohort. However, the specificity of the
Khorana score in the validation cohort was significantly
higher (89.27 v 81.76; P , .004).

It is important to note that for the validation of the
ONCOTHROMB score, patients in the Vienna-CATS study
with the same type of primary tumors as those in the
ONCOTHROMB 12-01 cohort were selected. However, it is
very likely that the different distribution of patients in ac-
cordance with the tumor type in both populations is re-
sponsible for the difference (nonsignificant) observed
between the AUC in both populations. An additional vali-
dation was performed with all the patients from the Vienna-
CATS population with other types of primary tumors and
similarly satisfactory results were obtained, with an AUC for
the ONCOTHROMB score versus the Khorana score of
0.720 versus 0.561 (P , .0001; Table 6).

TABLE 4. The Performance of the Khorana Score and the
ONCOTHROMB Score in the Population of ONCOTHROMB
Characteristic ONCOTHROMB Khorana P a

AUC 0.781 (0.735-0.822) 0.580 (0.51-0.65) , .0001

P b , .0001 .0110

Sensitivity 81.54 22.54 , .0001

Specificity 65.22 81.76 .0001

LR1 2.34 1.42 , .0001

LR– 0.28 0.63 , .0001

PPV 33,758 23.63 .0025

NPV 94.20 87.84 .0027

Abbreviations: AUC, area under the receiver operating characteristic
curve; LR–, negative likelihood ratio; LR1, positive likelihood ratio;
NPV, negative predictive value; PPV, positive predictive value.

aP value of the comparison of the performance of the
ONCOTHROMB and Khorana scores.

bP value of the AUC.

TABLE 5. The Performance of the Khorana Score and the
ONCOTHROMB Score in the Population of Vienna Cancer and
Thrombosis Study
Characteristic ONCOTHROMB Khorana P a

AUC 0.686
(0.627-0.742)

0.577
(0.514-0.637)

, .0001

P b , .0001 .1627

Sensitivity 76.67 20.000 , .0001

Specificity 59.23 89.279 , .0001

LR1 1.88 1.849 .7224

LR– 0.39 0.896 , .0001

PPV 19.42 19.359 .8703

NPV 95.17 89.659 .0037

Abbreviations: AUC, area under the receiver operating characteristic
curve; LR–, negative likelihood ratio; LR1, positive likelihood ratio;
NPV, negative predictive value; PPV, positive predictive value.

aP value of the comparison of the performance of the
ONCOTHROMB and Khorana scores.

bP value of the AUC.

TABLE 3. The Genetic Variants Selected to Integrate the GRS, and the
Clinical and GRS Selected to Integrate in the Clinical-Genetic Risk
Score
Characteristic P

GRS .0001

VTE risk tumor .0080

BMI . 25 .1310

Stage , .0001

GRS

rs4524 .1060

rs6025 .4030

rs2232698 .0890

rs2227631 .1430

rs268 .2340

rs169713 .0720

rs11696364 .0150

rs5110 .1170

rs6003 .1249

NOTE. The P values represent the statistic significance of the
association of each variable with the VTE.

Abbreviations: BMI, body mass index; GRS, genetic risk score; VTE,
venous thromboembolic event.
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In could be argued that the use of a GRS might not
always be generalizable across populations, given differ-
ences in allelic frequencies. However, we have validated
ONCOTHROMB risk score in a different country and we
have previously demonstrated the validity of the GRSs in
different populations both in VTE and cardiovascular event
predictions.23,53,54

In 2019, a systematic review and a meta-analysis55 con-
cluded that the Khorana score can select high-risk patients
for thromboprophylaxis overall, which is in support of the

suggestions presented in some guidelines. However,
several limitations of the Khorana score need to be taken
into account, including the different in predicted perfor-
mance across cancer types and the modest proportion of
patients with VTE assigned to the high-risk group. In that
meta-analysis, the estimated risk of VTE on the basis of
Khorana score was considerably lower for patients with
lung cancer and hematologic malignancies than for those
with other cancer types. Probably, the relative high number
of patients with lung cancer in the populations included in
our study could explain in part the low AUC obtained with
the Khorana score. This, at the same time, provides extra
value to ONCOTHROMB score demonstrating high pre-
dictive value even in lung cancer and a derived score of
ONCOTHROMB score (TiC-LYMPHO) in some hemato-
logic malignancies.56 The great contribution of our ap-
proach is the inclusion of genetic variants together with
clinical risk factors, because the relevance of the genetic
background in the risk of developing VTE is considered
very high since the heritability of VTE has been estimated at
about 60%.57

We acknowledge that our results should be further vali-
dated. However, considering our previous experience with
clinical-genetic risk scores, we expect to obtain similar
results worldwide.23,53,54

Themessage for the clinical oncologist is that, from the time
of diagnosis until 6 months later, the new ONCOTHROMB
score for VTE risk in outpatients with cancer (1) better
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FIG 1. Predictive capacity of the different models in the original and the validation studies. Receiver operating characteristic curves are shown for each
model: (A) comparison in ONCOTHROMB (Khorana and ONCOTRHOMB scores) and (B) comparison in Vienna-CATS (Khorana and ONCOTRHOMB
scores). AUC, area under the receiver operating characteristic curve; CATS, Cancer and Thrombosis Study.

TABLE 6. The Performance of the ONCOTHROMB Score in Vienna-
CATS Population With Other Types of Primary Tumors (n 5 397)
Characteristic ONCOTHROMB

AUC 0.720 (0.673-0.762)

P , .0001

Sensitivity 85.29

Specificity 55.26

LR1 1.91

LR– 0.27

PPV 16.00

NPV 95.76

Abbreviations: AUC, area under the receiver operating characteristic
curve; LR–, negative likelihood ratio; LR1, positive likelihood ratio;
NPV, negative predictive value; PPV, positive predictive value.
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identifies those at high risk of suffering VTE from those at
low risk (the ONCOTHROMB score has a higher AUC value
than the Khorana score); (2) identifies a larger number of
patients likely to suffer a VTE (the ONCOTHROMB score is
more sensitive than the Khorana score); (3) provides a
more reliable classification of low risk (the NPV of the
ONCOTHROMB score is higher than that of the Khorana
score); and (4) the ONCOTHROMB score can amend most
(82%) of the misclassifications made by the Khorana score
in patients with VTE. On the basis of the improvement in
VTE predictive capacities, further clinical trials to evaluate
our score in prophylaxis efficiency for prevention of VTE are
warranted.

In summary, this paper reports a validated clinical-genetic
risk score that is significantly better than the Khorana score at
identifying outpatients with cancer at high risk of experiencing
a VTE event, who would likely benefit from thrombopro-
phylaxis despite the risk of hemorrhage. As the peak inci-
dence of cancer-associated VTE is from 0 to 6 months after
diagnosis,2,3 it is recommended that the ONCOTHROMB
score be calculated at the moment cancer is suspected.4,20

This new score could improve the prediction, prevention, and
treatment of VTE in oncology outpatients, providing for more
efficient and safer thromboprophylaxis in those at high risk.
The results could change clinical practice and have an im-
portant impact in national health systems.
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