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Background: Patients with cancer undergoing systemic therapies have a high risk for venous thromboembolism (VTE).
Risk assessment models were developed to select high-risk subgroups that might benefit from primary
thromboprophylaxis, yet currently available models reportedly underperform in contemporary cancer treatment
populations and risk models across multiple time points throughout therapy are not available.

Patients and methods: We, therefore, aimed to validate the Vienna CATScore, a nhomogram-based model including
tumor type and continuous D-dimer levels, in a prospective cohort study of patients initiating contemporary
systemic anticancer therapies. The validity of the model was tested at study inclusion, 3 weeks, and 3 months after
start of therapy.

Results: Overall, 598 patients were included [49% women, median age 62 years (interquartile range 53-70 years)]. Most
patients had stage IV disease (68.2%). The 6-month cumulative incidence of VTE was 9.2% [95% confidence interval (Cl)
6.8% to 11.5%]. The Vienna CATScore demonstrated good discriminatory ability (c-statistics: 0.69, 95% Cl 0.61-0.76) at
study baseline and across all evaluated time points (c-statistics: 0.68, 95% Cl 0.63-0.73). Applying a 6-month predicted
VTE risk threshold of 8%, the CATScore effectively distinguished between low- and high-risk groups at study inclusion
(7.1% versus 15.1% observed VTE risk, P = 0.004) and across all three time points (6.3% versus 13.6% observed VTE risk,
P < 0.001). Assuming a 50% risk reduction with thromboprophylaxis, this threshold resulted in a number needed to
treat (NNT) of 13 and 15, respectively, in the high-risk group, while the NNT was 28 and 32, respectively, in the
low-risk group.

Conclusions: This external validation of the Vienna CATScore confirms its effectiveness in predicting VTE risk in the

initial months of state-of-the-art systemic anticancer therapies and across multiple time points.
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INTRODUCTION

Venous thromboembolism (VTE) is an important complica-
tion in patients with cancer, with an increase in risk by a
factor of 4-9 compared with individuals without malig-
nancies, with the highest risk observed in patients under-
going systemic anticancer therapies.l’2 VTE represents a
significant cause of morbidity and mortality in patients with
cancer.®> The occurrence of VTE is a negative prognostic
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factor with a threefold increase in mortality, across different
cancer types and stages.”® Considerable efforts have been
directed toward the development of prevention strategies,
including primary thromboprophylaxis, which reduces the
risk of VTE in cancer patients by ~50%.° Based on con-
current bleeding risks, the identification of high-risk sub-
groups of patients is crucial to derive a net clinical benefit
of primary thromboprophylaxis. When primary thrombo-
prophylaxis is considered, the availability of tools for iden-
tification of patients with high or low risk of VTE is crucial.

Various risk assessment models were developed to help
identify patients at high risk of VTE who would profit from
primary thromboprophylaxis. The most frequently validated
risk score is the Khorana score'®; however, the predictive
performance was moderate in external validation co-
horts."*™® Thus, the Vienna CATScore, which is a

https://doi.org/10.1016/j.esmoop.2024.104130 1


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:ingrid.pabinger@meduniwien.ac.at
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2024.104130&domain=pdf
https://doi.org/10.1016/j.esmoop.2024.104130
https://doi.org/10.1016/j.esmoop.2024.104130

nomogram-based model including tumor type and D-dimer,
was created and showed a good discriminatory capacity in
the derivation cohort and upon external validation.****

The treatment landscape in medical oncology has
significantly changed over the past years, with targeted
treatments and immune checkpoint inhibitors (ICls)
affecting the risk profiles for VTE by creating a heightened
inflammatory environment, as previously hypothesized.'**’
Further, development of established risk assessment models
was done in patients receiving mostly chemotherapy,
questioning the applicability to contemporary cancer ther-
apies. Importantly, recent data suggest limited discrimina-
tory utility of the Khorana score in patients undergoing
novel targeted therapies and ICI therapy.'®° Furthermore,
most risk prediction models were developed for prior
assessment of VTE risk in patients initiating anticancer
treatment. Thus, currently available risk assessment models
were not evaluated across multiple, longitudinal time points
and, therefore, might not capture changes in risk category
assignment over time. Furthermore, the implementation of
risk assessment models including hemostatic biomarkers
was hampered as unclarity exists about the predictive utility
of biomarker-based prediction models during anticancer
treatment, as levels might change over time and longitu-
dinal evaluations are not available. Thus, it is crucial to
evaluate the predictive performance of VTE prediction
scores longitudinally, considering the potential significant
impact of cancer and anticancer therapy on hemostatic
biomarkers. This could significantly improve the clinical
utility of risk assessment scores.

In this study, we aimed to externally validate the Vienna
CATScore in a prospective cohort of patients with cancer
undergoing contemporary cancer therapies across multiple
longitudinal time points.

PATIENTS AND METHODS

Study population

This project was carried out within the framework of the
Vienna Cancer, Thrombosis and Bleeding study (CAT-BLED
study), a single-center, prospective, observational cohort
study conducted at the Medical University of Vienna
(Vienna, Austria) to investigate the risk and risk factors of
VTE and bleeding in a cohort of patients with cancer initi-
ating a regimen of systemic anticancer therapy. Consecutive
ambulatory patients with cancer referred to the oncology
day clinic (a clinic which patients attend to receive their
therapy) with histologically confirmed cancer, comprising
both patients with newly diagnosed and with recurrent/
progressive cancer after previous anticancer therapies,
were eligible for inclusion. All included patients provided
written informed consent for study participation. Exclusion
criteria were incapacity or refusal of informed consent, age
<18 years, and therapeutic anticoagulation at study inclu-
sion. Patients who were included in this project were
recruited between July 2019 and March 2023. Biobanking of
blood samples was done within the Translational Research
Unit (TRU) Biobanking Program for Personalized
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Immunotherapy of the Division of Oncology at the Medical
University of Vienna (EK 1164/2019). The study has been
approved by the Ethics Committee of the Medical Univer-
sity of Vienna (approval number: EK 1533/2019) and has
been conducted in full conformity with the International
Conference of Harmonization guidelines on Good Clinical
Practice and the Declaration of Helsinki by the World
Medical Association.

Baseline blood sampling was carried out before the first
administration of systemic anticancer therapy at the
oncology day clinic upon study enrollment. Patients un-
derwent in-person follow-ups during routine visits and
repeated blood samples were drawn. Data about outcome
events were collected through personal interviews, ques-
tionnaires, and regular screening of electronic medical re-
cords. All reported outcome events were cross-validated
through screening of electronic medical records. All study
participants were followed over the course of therapy and
for a maximum of 2 years.

Vienna CATScore and study outcomes

The Vienna CATScore is a nomogram-based risk assessment
model that includes two variables: continuous D-dimer
levels and tumor type™* (current link to the risk calculator:
https://catscore.shinyapps.io/catscore/). Tumor types were
grouped according to their VTE risk into very high, high, and
low/intermediate risk. In the CATScore derivation study,
tumor types considered as very high risk were pancreas and
stomach, while lung, colorectal, esophagus, kidney, lym-
phoma, bladder or urothelial, uterus, cervical, ovarian,
sarcoma, and testicular germ-cell tumors were grouped in
the high-risk group. Tumor types considered as low/inter-
mediate risk were breast and prostate cancer.'* As brain
tumor and head and neck cancer patients were not included
in the derivation cohort, we grouped brain cancer patients
in the very-high-risk category as previously done®® and head
and neck cancer in the high-risk group, based on the un-
derlying VTE risk associated with this cancer type." The
Khorana score was calculated as previously described.™
Accordingly, we assigned 2 points for very-high-risk (stom-
ach, pancreas) tumors and 1 point for high-risk (lung, lym-
phoma, gynecologic) tumors, while all other cancer sites
were assigned to have 0 points. Additionally, 1 point each
was added for a platelet count of >350 x 10°/I, hemo-
globin <10 g/dl and/or use of erythropoiesis-stimulating
agents, leukocyte count >11 x 10%/I, and body mass in-
dex of >35 kg/m2.*°

The primary outcome of interest was the occurrence of
VTE within 6 months after study inclusion or after the time
point of repeated blood sampling and risk reassessment.
VTE was defined as incidental or symptomatic deep vein
thrombosis, pulmonary embolism (PE), catheter-related
thrombosis, symptomatic visceral vein thrombosis, and
symptomatic lower-limb superficial vein thrombosis with an
extension of at least 5 cm according to the study protocol
and previous studies. All VTE events were adjudicated by an
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independent committee including experts in the field of
radiology, dermatology, or angiology (vascular medicine).

Laboratory measurements

Venous blood samples were collected into Vacutainer so-
dium citrate tubes (Vacuette; Greiner Bio-One, Kremsmin-
ster, Germany; containing 1/10 volume sodium citrate stock
solution at 0.129 mmol/l) by sterile venipuncture. Samples
were centrifuged to obtain platelet-poor plasma, and until
analysis, biomaterial was processed and stored according to
standard operating procedures by the MedUni Wien Bio-
bank in an 1SO 9001:2015-certified environment.?* Samples
were coded before laboratory analysis, but technicians were
unaware of the patients’ characteristics at all times.

For this project, plasma samples from the following time
points were used: study inclusion (baseline), 3 weeks after
start of therapy (follow-up 1), and 3 months after start of
therapy (follow-up 2). D-dimer levels were measured with
the Tina-quant® D-Dimer Gen2 Assay (Roche Diagnostics,
Rotkreuz, Switzerland) carried out on the cobas t 711
coagulation analyzer at the Department of Laboratory
Medicine at the Medical University of Vienna.

Statistical analyses

Statistical analyses were carried out using SPSS 28.0 (IBM
SPSS Statistics, Chicago, IL) and R Studio (v4.2.0; R Studio,
Vienna, Austria) and predefined in the statistical analysis
plan (see Supplementary Material, available at https://doi.
org/10.1016/j.esmoop.2024.104130). Standard summary
statistics were used to report patient baseline characteris-
tics [absolute frequencies, percentages, median, inter-
quartile range (IQR)]. Median follow-up time was calculated
using the reverse Kaplan—Meier method.

Due to the anticipated high risk of underlying mortality, all-
cause mortality was treated as a competing event during the
follow-up period, and thus, VTE endpoints were studied in a
competing risk framework.?> Cumulative VTE incidence was
computed using competing risk cumulative incidence func-
tions. The individual risk according to the Vienna CATScore™
was calculated for each patient. The discriminatory perfor-
mance of the score in this cohort was evaluated by calcu-
lating c-statistics obtained in logistic regression. Calibration
was assessed visually with calibration plots, plotting
observed against predicted risks. Furthermore, the observed
cumulative VTE incidence was compared between groups
designated as low risk and high risk according to the Vienna
CATScore predictions, utilizing an 8% threshold as a cut-off,
according to the recommendation for selecting high-risk
ambulatory patients with cancer for primary thrombopro-
phylaxis of the European Society for Medical Oncology
(ESMO) guideline.”® Furthermore, according to a reviewer
suggestion, a threshold of 5% was evaluated as this is a
commonly used cut-off in recurrent VTE follow-up studies to
decide when anticoagulant treatment is stopped. Cumulative
VTE incidences were obtained in a proportional subhazard
regression model according to Fine and Gray and compared
with a Gray’s test in a competing risk framework.”* To
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visualize the transitions between risk categories over time, an
alluvial plot was constructed. Furthermore, we calculated the
number needed to treat (NNT) in the two risk groups
assuming that primary thromboprophylaxis leads to a risk
reduction of 50% according to data from a recent meta-
analysis. Finally, a decision curve analysis was carried out to
evaluate the clinical usefulness of the model in comparison
to two approaches: thromboprophylaxis for everyone (treat
all) or no thromboprophylaxis at all (treat none). The net
clinical benefit of the decision curve analysis was calculated
as the true-positive rate minus the weighted false-positive
rate. The analyses were carried out for every time point
(baseline, follow-up 1, follow-up 2) separately and for all
three time points combined. A sensitivity analysis excluding
superficial vein thrombosis as outcome of interest was car-
ried out additionally.

RESULTS

Cohort characteristics

Overall, 598 patients were included (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2024.104130). Of those 49% were female and the median
age was 62 years (IQR 53-70 years). Approximately half of
the cohort (49.7%) had newly diagnosed cancer, while the
remaining patients had progressive or recurrent cancer af-
ter previous therapies (50.3%). The most common cancer
types were lung (22.9%), breast (10.5%), and head and neck
(10.5%) cancer. Overall, 408 (68.2%) patients had stage IV
disease at study inclusion. The three most common thera-
pies initiated after study inclusion were chemotherapy
(45.1%), followed by ICI monotherapy (16.1%), combined
ICl—chemotherapy (17.2%), and chemotherapy combined
with targeted therapy (11.7%). The majority of patients had
tumor types categorized as high VTE risk (67.1%), while
fewer patients had tumor types regarded as very high risk
(21.6%) or low/intermediate risk (11.4%) according to the
CATScore." Detailed patient characteristics are summarized
in Table 1.

Median levels of D-dimer were 0.71 pg/ml (IQR 0.40-1.32
tg/ml) in all samples (n = 1381), 0.69 pig/ml (IQR 0.38-1.33
pg/ml) in the baseline samples (n = 589), 0.74 pg/mil (IQR
0.41-1.47 pg/ml) at study follow-up after 3 weeks (n =
408), and 0.73 pg/ml (IQR 0.41-1.21 pg/ml) at follow-up
after 3 months after study inclusion (n = 384).

D-dimer levels at study inclusion did not differ between
the single tumor types (Supplementary Figure S2A, available
at https://doi.org/10.1016/j.esmoop.2024.104130); howev-
er, upon grouping patients according to the VTE risk cate-
gories of the CATScore,™* patients with very-high-risk tumor
types had the highest D-dimer levels at study inclusion
(Supplementary Figure S2B, available at https://doi.org/10.
1016/j.esmoop.2024.104130).

Study outcomes

Overall, 54 patients were diagnosed with VTE in the first 6
months after study inclusion [6-month cumulative
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Table 1. Patient characteristics at study inclusion
n of available = Median
data (1QR)/n (%)
Age (years) 598 62 (53-70)
Female 598 292 (49.0)
BMI (kg/m?) 598 23.7 (20.9-26.8)
Tumor type 598
Lung 137 (22.9)
Breast 63 (10.5)
Head and neck 63 (10.5)
Pancreatic 62 (10.4)
Other 49 (8.2)
Sarcoma 45 (7.5)
Colorectal 44 (7.4)
Brain 36 (6.0)
Stomach 31 (5.2)
Liver 21 (3.5)
Esophagus 20 (3.3)
Urinary 11 (1.8)
Lymphoma 9 (1.5)
Prostate 5(0.8)
Gynecological 2 (0.3)
Tumor VTE risk category 598
Very high risk 129 (21.6)
High risk 401 (67.1)
Low/intermediate risk 68 (11.4)
Newly diagnosed cancer 596 297 (49.7)
Stage IV disease 598 408 (68.2)
Systemic therapy after study inclusion 598
Chemotherapy 270 (45.1)
Chemotherapy + ICI therapy 103 (17.2)
ICl therapy 96 (16.1)
Targeted therapy + chemotherapy 70 (11.7)
Targeted therapy 34 (5.7)
No systemic therapy 15 (2.5)
Targeted + ICl therapy 10 (1.7)

BMI, body mass index; ICl, immune checkpoint inhibitor; IQR, interquartile range;
VTE, venous thromboembolism.

incidence: 9.2%, 95% confidence interval (Cl) 6.8% to 11.5%;
Figure 1A]. During the same observation period, 95 patients
died (6-month cumulative mortality: 16.1%, 95% Cl 13.1%
to 19.0%; Figure 1B). During the 6-month observation
period after follow-up 1 at 3 weeks after study inclusion (i.e.
until 6 months and 3 weeks of overall follow-up), 38 VTE
events occurred (cumulative incidence: 7.3%, 95% Cl 5.1%
to 9.6%). During the 6-month observation period after
follow-up 2 at 3 months (i.e. until 9 months of overall
follow-up), 24 VTE events occurred (cumulative incidence:
4.9%, 95% Cl 3.0% to 6.9%). Details on the characteristics of
the VTE events are summarized in Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2024.
104130.

Validation of the Vienna CATScore

The Vienna CATScore was calculated for every patient as
described previously, using the formula given in the deri-
vation and validation study.'* The median predicted 6-
month cumulative VTE risk for all included patients at all
time points was 5.3% (IQR 4.7%-7.9%). The model achieved
good discriminatory performance when applied at study
baseline (c-statistics: 0.69, 95% Cl 0.61-0.76). The predictive
performance at follow-up 1 (at 3 weeks) and follow-up 2 (at
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3 months of follow-up) was very similar and a comparable
discriminatory performance was observed (c-statistics at
follow-up 1: 0.65, 95% Cl 0.55-0.74; c-statistics at follow-up
2:0.70, 95% Cl 0.57-0.83). When assessing the performance
of all predicted VTE risks including all D-dimer measure-
ments (up to three per patient, n = 1381), the model
showed overall good discriminatory performance (c-statis-
tics: 0.68, 95% Cl 0.63-0.73, Figure 2A). The performance
was comparable when used to assess the 3-month VTE risk
(data not shown). The assessment of the calibration plot
revealed a good calibration for patients with a 0%-10%
predicted 6-month VTE risk (Figure 2B), whereas the model
tended to underestimate VTE risk in patients with a pre-
dicted 6-month risk exceeding 10%.

Applying a 6-month predicted VTE risk threshold of 8%,
the CATScore effectively distinguished between low- (n =
440) and high-risk (n = 149) groups at study inclusion
[cumulative 6-month incidence of VTE: 7.1% (95% Cl 4.7%
to 9.5%) versus 15.1% (95% Cl 9.3% to 21.0%), Gray’s test
P = 0.004, subdistribution hazard ratio (SHR) for VTE high-
versus low-risk group: 2.21 (95% ClI 1.28-3.81); Figure 3].
This clear distinction of risk groups was also seen when
assessing follow-up 1 and follow-up 2 time points
(Supplementary Figure S3B and C, available at https://doi.
org/10.1016/j.esmoop.2024.104130). When applying the
8% cut-off to all time points and carrying out a joint anal-
ysis, again a clear difference between the low-risk (n = 961)
and high-risk (n = 367) group was observed [6.3% (95% ClI
4.8% to 7.8%) versus 13.6% (95% Cl 10.0% to 17.1%) 6-
month observed VTE risk, Gray’s test P < 0.001, SHR
high- versus low-risk group: 2.25 (95% Cl 1.54-3.27);
Supplementary Figure S3D, available at https://doi.org/10.
1016/j.esmo0op.2024.104130]. The sensitivity of the 8%
cut-off was 76.3% when applied to the prediction at study
inclusion and 74.4% when all time points together were
assessed. The specificity was 41.5% and 44.6%, respectively.
During the follow-up period, six patients (1.0%) moved from
the low- to the high-risk group as their predicted 6-month
VTE risk increased above 8% during follow-up compared
with study baseline. In contrast, eight patients (1.3%)
transitioned from the high-risk group at baseline to the low-
risk group during follow-up as their predicted risk decreased
below 8% (Supplementary Figure S4, available at https://
doi.org/10.1016/j.esmoop.2024.104130). Similarly, a 5% 6-
month predicted VTE risk threshold effectively distin-
guished between low- (n = 235) and high-risk (n = 354)
groups at study inclusion and at all time points together
(Supplementary Figure S5, available at https://doi.org/10.
1016/j.esmoop.2024.104130).

The decision curve analysis revealed that the model
exhibited higher clinical utility for evaluating thrombopro-
phylaxis at study inclusion compared with the strategies of
universal treatment (i.e. thromboprophylaxis for all) or
no treatment (i.e. thromboprophylaxis for none;
Supplementary Figure S6A, available at https://doi.org/10.
1016/j.esmoop.2024.104130). This higher net clinical
benefit was also observed when a decision curve analysis
assessing all three time points was carried out
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Figure 1. Cumulative venous thromboembolism (VTE) incidence (A) and overall survival (B) during the first 6 months of follow-up.
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A ROC curve for CATScore
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Figure 2. ROC curve analysis (A) and calibration curve (B) for the Vienna CATScore including all three time points of D-dimer measurements.
AUC, area under the curve; Cl, confidence interval; ROC, receiver operating characteristic.

(Supplementary Figure S6B, available at https://doi.org/10.
1016/j.esmo0op.2024.104130). Assuming a 50% risk reduc-
tion with primary thromboprophylaxis,” the NNT to prevent
one VTE event in the high-risk group was 13 at baseline and
15 when all time points together were assessed, indicating
a clear benefit with a relatively low NNT across all time
points. In contrast, the NNT was 28 at baseline and 32

6 https://doi.org/10.1016/j.esmoop.2024.104130

across all time points in the low-risk group, reflecting a
much smaller benefit in this population.

Sensitivity analysis

We conducted a sensitivity analysis excluding superficial vein
thrombosis as study outcome and assessed the performance
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Figure 3. Cumulative VTE incidence between predicted risks below (n = 440) or above (n = 149) 8% at study inclusion. Patients were divided according to their
predicted 6-month VTE risk using 8% as a cut-off and the groups were compared within a Fine and Gray subdistribution hazard model, P < 0.001.

VTE, venous thromboembolism.

of the Vienna CATScore in this context. The discriminatory
ability at study inclusion was consistent (Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2024.104130). Using the 8% cut-off for predicted risk again
resulted in a clear distinction between groups
(Supplementary Figure S7, available at https://doi.org/10.
1016/j.esmoop.2024.104130) and showed comparable
sensitivity and specificity (Supplementary Table S3, available
at https://doi.org/10.1016/j.esmoop.2024.104130).

Comparative performance of the Vienna CATScore and the
Khorana score

The Khorana score showed a poor discriminatory perfor-
mance when evaluated at study inclusion (c-statistics: 0.56,
95% Cl 0.48-0.64) and a similarly poor performance was
seen at follow-up 1, follow-up 2, and when all three time
points together were assessed (Supplementary Table S4 and
Figure S8, available at https://doi.org/10.1016/j.esmoop.
2024.104130). Using a Khorana score >2 as a cut-off did
not result into low- and high-risk groups with a clear dif-
ference in observed 6-month VTE incidence [8.4% (95% Cl
5.7% to 11.1%) versus 10.7% (95% Cl 6.3% to 15.2%), Gray’s
test P = 0.36]. This cut-off led to a sensitivity of 68.4% at
study inclusion and of 67.7% when all time points were
combined. The specificity was 37.7% and 39.0%, respec-
tively. The decision curve analysis comparing the Khorana
score and the CATScore showed a higher net clinical benefit
for using the CATScore at study inclusion (Figure 4) and
at all time points combined for evaluating thrombo-
prophylaxis.

Volume 10 m Issue 2 m 2025

DISCUSSION

In the present study, we report the validation of the Vienna
CATScore in patients receiving contemporary anticancer
therapies including targeted treatments and ICI. Overall, the
Vienna CATScore demonstrated good predictive perfor-
mance for assessing the 6-month risk of VTE in our cohort.
Moreover, this validation confirmed the model’s dynamic
applicability by demonstrating consistent predictive per-
formance across three distinct time points within the first 3
months of anticancer therapy.

Patients with cancer at high risk for VTE are recom-
mended to be offered primary thromboprophylaxis.?**>2’
To estimate if a patient is at high VTE risk, the use of a
validated risk assessment tool is suggested. Most guidelines
recommend the Khorana score; however, this score
demonstrated only moderate discriminatory performance in
a recent large-scale meta-analysis evaluating almost 35 000
patients with cancer.™* The Vienna CATScore was developed
more recently, which showed promising discriminatory
ability in both its derivation and subsequent validation
cohorts.'**?

Our study now not only corroborates the strong pre-
dictive capacity of the Vienna CATScore but also
broadens its utility in several aspects. Firstly, previous risk
assessment models were developed in cohorts of pa-
tients mostly undergoing chemotherapy. With the intro-
duction of novel anticancer therapies, the risk profiles of
VTE in treated patients were changed, affecting the po-
tential predictive utility of previously developed VTE risk
prediction models.”*®'” Novel oncologic therapies
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Figure 4. Decision curve analysis. The threshold probability represents the predicted 6-month risk of venous thromboembolism in CAT-BLED for recommending
primary thromboprophylaxis at study inclusion. The net clinical benefit balances the risk of venous thromboembolism with the potential harms of unnecessary
thromboprophylaxis and was calculated as the true-positive rate minus the weighted false-positive rate.

including ICI and targeted therapies might affect VTE
risk.*® Previously, known risk factors and risk assessment
models were shown to have a lower or absent predictive
capacity in cohorts including patients receiving novel
therapies, especially ICls.”®3> Also, a more recently
developed, promising risk assessment score with a
modern derivation cohort only included a small propor-
tion of patients with ICI therapy,®® and further validation
in ICl cohorts is needed. In our cohort, nearly one-third of
patients received ICls either as monotherapy or as a
combination therapy. Agreeing with the literature, the
Khorana score showed a poor predictive performance in
our cohort. Apart from the possibility that the Khorana
score may underperform in a contemporary cohort of
cancer patients as demonstrated previously,zg’35 another
reason for its poor performance could be the low pro-
portion of real low-risk cancer types included in our
study. In contrast, we observed a good predictive per-
formance of the Vienna CATScore which also includes
cancer type as variable.

Secondly, in everyday clinical practice, it would be useful
to have a risk assessment tool that remains applicable even
after the initiation of anticancer therapy. Most risk

8 https://doi.org/10.1016/j.esmoop.2024.104130

assessment tools were developed within cohorts where
patients were assessed before the start of the treatment. It
is known that systemic therapy influences certain hemo-
static biomarkers; however, their changes are very
heterogeneous questioning the predictive abilities of
biomarker-based models after the start of systemic ther-
apy.”’ Previously, D-dimer was shown to increase in patients
who will develop VTE in the future.®® Therefore, we also
assessed the predictive utility of the CATScore after the
start of therapy. The score showed similar predictive per-
formance at all three time points, indicating that it might be
a useful tool at different time points throughout ongoing
cancer treatment. Another concern when utilizing hemo-
static biomarkers to assess individual risk in cancer patients
is the frequent lack of standardization, with institutions
often employing different assays from various manufac-
turers. For this validation, we employed a different assay
than the one used in the derivation cohort. Additionally, in
the initial validation cohort (Multinational Cohort Study to
Identify Cancer Patients at High Risk of Venous Thrombo-
embolism [MICA] cohort), another assay was utilized.*
Despite the use of different assays across the three co-
horts, the predictive performance remained highly
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comparable, suggesting that assay variation may not
significantly impact the score’s performance.

Thirdly, in the derivation cohort'® and in one of the
external validation cohorts,*> mainly deep vein thrombosis,
PE, and, to a lesser extent, also symptomatic visceral vein
thrombosis were outcome events. The present study also
included incidental PE, catheter-related thrombosis, and
extended superficial vein thrombosis of the lower limb. We
observed that the predictive performance was still very
comparable with the results reported before in the other
cohorts, even when we extended the outcomes of interest,
suggesting that the score is also capable of predicting risk
for these VTE events.

According to the ESMO clinical practice guidelines,
thromboprophylaxis in cancer patients at a predicted VTE
risk >8%-10% is recommended.”> Our analysis of the
Vienna CATScore revealed that, while it tends to underes-
timate the risk in patients whose predicted risk exceeds
10%, it offers exceptional accuracy for predictions below
this threshold. The Vienna CATScore holds the capacity to
accurately differentiate between low- and high-risk groups
in accordance with the 8% guideline-recommended cut-off.
Furthermore, when using 8% predicted 6-month VTE risk as
cut-off, we observed a sensitivity of 76.3% at study inclusion
and of 74.4% when all time points together were assessed,
indicating that three-fourths of patients who will develop a
VTE can be captured and classified as high risk before the
event. Thus, these results render it a valuable tool in clinical
decision making for the prediction of VTE risk in patients
with cancer. This is also supported by the decision curve
analysis indicating that application of the CATScore to
decide on primary thromboprophylaxis in patients with
cancer vyields greater net benefit compared to universal or
no thromboprophylaxis.

Two pivotal randomized controlled trials, the AVERT and
CASSINI trials, evaluated the efficacy of direct oral antico-
agulants (DOACs) for primary thromboprophylaxis in cancer
patients identified as intermediate to high risk according to
the Khorana score.’>*® While the CASSINI trial could not
show a significant reduction of VTE occurrence,*® the AVERT
trial showed a significantly lower rate of VTE with DOACs
compared with placebo.>* However, the net clinical benefit
was debatable as the NNT was suboptimal and the risk of
major bleeding seemed to be elevated.® In a subsequent
post hoc analysis of the AVERT trial, stratifying patients
according to the CATScore into high- and low-risk groups
using the 8% predicted risk threshold uncovered a sub-
stantial net clinical benefit of primary thromboprophylaxis
with a DOAC within this high-risk group, resulting in a
notable low NNT of 6.** This benefit was not seen in the
low-risk group, suggesting that the CATScore was more
effective than the Khorana score in clearly distinguishing a
high-risk group that would benefit from primary thrombo-
prophylaxis. This is further supported by our decision curve
analysis revealing that the utilization of the CATScore had a
higher net clinical benefit than using the Khorana score for
evaluating thromboprophylaxis. Further evidence for using
D-dimer or biomarker-based models for risk assessment to
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decide on thromboprophylaxis as a promising approach
comes from a recent randomized controlled trial including
patients with lung and gastrointestinal cancer. Using a D-
dimer- and fibrinogen-based risk assessment model led to a
clear benefit of low-molecular-weight heparin prophylaxis
in the high-risk group and a comparably low NNT of 6.7.*
Future research on enhancing the prediction of adverse
bleeding events could further improve outcomes for pa-
tients with cancer receiving primary thromboprophylaxis.

Our analysis has several limitations that merit consider-
ation. First of all, our cohort consisted of cancer patients
undergoing anticancer therapy at a single tertiary center,
which may limit the generalizability of our findings, partic-
ularly to patients receiving oral therapy alone. However, this
cohort is representative of cancer patients receiving sys-
temic therapy at an oncology day clinic. The data demon-
strate that the Vienna CATScore shows a robust
performance in a heterogeneous cohort of cancer patients,
highlighting its utility in assessing VTE risk in daily onco-
logical clinical practice. Secondly, samples were not avail-
able from every patient for all three time points of
biomarker measurements. However, we believe that only
including patients with samples from all time points avail-
able would have introduced a validation conditional on
survival, meaning that only patients with cancer who sur-
vived at least 3 months would have been included in the
analysis. Thirdly, the number of patients with predicted risk
available at a single time point was rather small, whereas
taking all time points of risk assessment together yielded a
larger group (over 1300 patient time points). Nevertheless,
to our knowledge, this is the first study that evaluated a
biomarker-based risk assessment model for cancer-
associated VTE longitudinally during systemic anticancer
therapy and assessed the CATScore in a cohort receiving
contemporary anticancer therapies.

In conclusion, the Vienna CATScore demonstrates good
predictive performance in estimating 6-month VTE risk
when applied before or during systemic anticancer thera-
pies. Moreover, the model is precisely calibrated to employ
the guideline-recommended 8%-10% risk threshold for
stratifying patients into low- and high-risk groups, demon-
strating its utility in selecting cancer patients for primary
thromboprophylaxis in routine oncological practice.
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