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/ABSTRACT

Background. Thromboprophylaxis for ambulatory patients
with cancer is effective, although uncertainties remain on
who should be targeted. Using D-dimer values from individ-
uals enrolled to the AVERT trial, we sought to identify and
validate a more efficient venous thromboembolism (VTE)
risk threshold for thromboprophylaxis.

Materials and Methods. The AVERT trial compared throm-
boprophylaxis with apixaban with placebo among patients
with cancer with a Khorana Risk Score >2. The D-dimer
measured at randomization was used to calculate an indi-
vidualized 6-month VTE risk using the validated CATScore. A
modified intention-to-treat analysis was used to assess effi-
cacy (VTE) and safety (major and overall bleeding) in the
(a) complete cohort and (b) 28% and < 8% 6-month VTE risk
thresholds.

Results. Five hundred seventy-four patients were random-
ized in the AVERT trial; 466 (81%) with baseline D-dimer
were included in the study. Two hundred thirty-seven sub-

jects received apixaban; 229 received placebo. In the com-
plete cohort, there were 13 (5.5%) VTE events in the
apixaban arm compared with 26 (11.4%) events in the pla-
cebo arm (adjusted hazard ratio [aHR] 0.49 [0.25-0.95],
p < .05). Number needed to treat (NNT) to prevent one
VTE = 17. Eighty-two (35%) and 72 (31%) patients in the
apixaban and placebo arms, respectively, had a 6-month
VTE risk 28%. In this subgroup, 7 (8.4%) VTE events
occurred with apixaban and 19 (26.3%) events with placebo
(aHR 0.33 [0.14-0.81], p < .05), NNT = 6. Individuals with a
VTE risk <8% derived no benefit from apixaban throm-
boprophylaxis (aHR 0.89 [0.30-2.65), p = .84). Increased
rates of overall bleeding were observed with apixaban in
both the complete (aHR 2.11 [1.09-4.09], p < .05) and > 8%
predicted risk cohorts (aHR 2.87 [0.91-9.13], p = .07).

Conclusion. A 6-month VTE risk threshold of >8% increases the
efficiency of risk-targeted thromboprophylaxis in ambulatory
patients with cancer. The Oncologist 2020;25:1075-1083

Implications for Practice: Ambulatory patients with cancer receiving chemotherapy have an increased risk of venous throm-
boembolism (VTE). A Khorana Risk Score (KRS) 22 is currently the suggested threshold for thromboprophylaxis. Using baseline
D-dimer values from individuals enrolled to the AVERT trial, this retrospective validation study identifies a 6-month VTE risk of
>8% as a more efficient threshold for thromboprophylaxis. At this threshold, the number needed to treat to prevent one VTE
is 6, compared with 17 when using a KRS >2. Conversely, individuals with a predicted risk of <8% derive no clinical benefit from
thromboprophylaxis. Future prospective studies should validate this threshold for outpatient thromboprophylaxis.

INTRODUCTION

The increased incidence of venous thromboembolism (VTE)
among patients with cancer is well established [1], and the
development of VTE portends a worse prognosis in this

patient population [2, 3]. High-quality randomized controlled
trial (RCT) evidence suggests that thromboprophylaxis with
either oral or parenteral anticoagulation is effective in
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reducing the incidence of VTE in ambulatory patients with
cancer [4-7]. Notably, the absolute risk reduction (ARR) in
VTE achieved by thromboprophylaxis varies significantly by
the treated cohort’s baseline predicted risk of VTE.

The Khorana Risk Score (KRS) is the most widely used
and externally validated risk prediction tool to categorize
patients into low, intermediate, and high risk of VTE based
on tumor type, as well as clinical and hematologic parame-
ters [8]. A KRS 22 was an inclusion criterion in both the
AVERT and CASSINI placebo-controlled RCTs that demon-
strated the superiority of the direct factor Xa inhibitors,
apixaban and rivaroxaban (respectively), in reducing rates
of VTE in ambulatory patients with cancer [6, 7]. Several
guidelines now encourage consideration of throm-
boprophylaxis among ambulatory patients with cancer due
to start chemotherapy who have a KRS >2 [9-11]. Prospec-
tive comparisons of several VTE risk prediction tools in
patients with cancer have shown that models using throm-
bosis biomarkers, such D-dimer and soluble p-selectin, are
able to better discriminate between low- and high-VTE-risk
patients [12-14].

In the most recent iteration of the Vienna VTE risk pre-
diction score, Pabinger et al. combined the clinical tumor
site with the baseline plasma D-dimer to develop and exter-
nally validate the 2018 Vienna “CATScore” in two large pro-
spective cohorts [15]. This score provides an individualized
6-month risk of VTE and demonstrated superior model per-
formance compared with existing prediction models. In this
retrospective validation study, we sought to use individual
patient data from the AVERT study to (a) identify a more
efficient VTE risk threshold for thromboprophylaxis using
the CATScore and (b) perform a post hoc analysis of the
AVERT study to address the safety and efficacy of risk-
targeted thromboprophylaxis using the CATScore.

MATERIALS AND METHODS

Study Participants

We used available data from patients enrolled in the AVERT
study, a randomized, double-blind, placebo-controlled clini-
cal trial that assessed thromboprophylaxis with low-dose
apixaban, 2.5 mg twice daily, in ambulatory patients with
cancer due to start a minimum expected course of 3 months
of cytotoxic chemotherapy. Patients with a KRS >2 were eli-
gible for inclusion in the study. Supplemental online Table 1
describes the modified KRS used for patient selection; the
full trial protocol and inclusion criteria have been previously
described [7]. In this analysis, we excluded 108 patients for
whom baseline D-dimer measurements were not available
prior to the first dose of study drug. Patients excluded from
this analysis are described in supplemental online Table 2.
The total treatment duration for the AVERT study was
180 days and patients were followed up to 210 days or
death. This study was approved by all institutional review
boards at participating organizations.

D-Dimer Measurements

Blood samples for biomarker analyses were collected on
the day of study enrollment (range day —28 to day
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0 (i.e., day of chemotherapy initiation) and prior to adminis-
tration of the first dose of either apixaban or placebo. Blood
was drawn into 0.109-M sodium citrate tubes. Within 1 hour
of sample collection, platelet-poor plasma was prepared by
centrifugation for 15 minutes at 2,000g. Plasma samples for
D-dimer measurement were stored at —80°C after snap
freezing. All D-dimer assays were performed at the Ottawa
Hospital Research Laboratory using an immunoturbidimetric
assay (STA-Liatest D-Di 20; Diagnostica Stago, Asniéres,
France). When the initial assay reading was >4 pg/mL, the
sample was diluted according to manufacturer specifica-
tions to yield a corrected assay range of 0.27-20 pg/mL.

CATScore and 6-Month VTE Risk Prediction

The CATScore was developed and validated using data from
two independent prospective cohorts designed to assess
risk factors for VTE in patients with cancer. Participants in
both studies had thrombosis biomarkers measured at the
point of enrollment into the study and individuals receiving
anticoagulation either therapeutic or prophylactic were
excluded. In their model development, Pabinger et al. had
maintained tumor risk site categorization as per the original
KRS (supplemental online Table 1), adding colorectal cancer
to the “high risk” category. Using prespecified variable
selection process, the authors identified D-dimer and tumor
risk categorization for inclusion into the CATScore. Using
tumor type and D-dimer from the patients in the AVERT
study, we calculated the 6-month predicted risk of VTE for
each individual using the published online calculator [15,
16]. The individual 6-month predicted risk of VTE was calcu-
lated at “baseline,” that is, prior to receipt of placebo or
apixaban.

Outcomes

The primary efficacy outcome of the AVERT trial was the
first episode of objectively documented proximal deep vein
thrombosis (DVT) or pulmonary embolism (PE). VTE was
defined as any symptomatic or incidentally discovered prox-
imal DVT of the lower or upper limbs, nonfatal symptomatic
or incidentally discovered, or PE-related death. The AVERT
study did not perform routine ultrasonographic testing in
asymptomatic patients.

The main safety outcome was major bleeding as defined
by the International Society on Thrombosis and Hemostasis,
that is, (a) fatal bleeding, (b) bleeding occurring in a critical
site, or (c) a decrease in hemoglobin level of 2 g/dL or
requiring transfusion of two or more units of packed red
cells [17]. Clinically relevant nonmajor bleeding was defined
as bleeding that did not meet the criteria for major bleeding
but was associated with medical intervention, unscheduled
contact with a physician, interruption or discontinuation of
the assigned treatment, or impairment in daily activities. In
this analysis, safety outcomes were reported separately for
(@) major bleeding events and (b) overall bleeding
(a combination of major and clinically relevant nonmajor
bleeding events).

Statistical Analysis

All statistical analyses were performed with R Studio Ver-
sion 1.2.5001. Model discrimination was assessed using the
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receiver operator characteristic (ROC) curve and quantified
using the area under the ROC curve (AUC), with the 95%
confidence interval (Cl) calculated using the DeLong method
[18]. A decision curve analysis was conducted to assess the
net benefit at a range of threshold probability generated by
the CATScore among patients randomized to the placebo
arm [19, 20]. Among patients randomized to the placebo
arm, sensitivity, specificity, and positive and negative pre-
dictive values were assessed at a range of 6-month VTE risk
thresholds as calculated by the CATScore and KRS 23. No
statistical comparisons were made between the baseline
characteristics of the complete cohort and the cohorts
stratified by the >8% VTE Risk threshold cutoff. Categorical
variables were described numerically and as percentages;
continuous variables were described using means, standard
deviations, and interquartile ranges. We estimated
thrombosis-free survival, major bleeding—free survival, and
overall bleeding—free survival (combined outcome of major
and clinically relevant nonmajor bleeding) between individ-
uals randomized to apixaban versus placebo using the
Kaplan-Meier method and compared results between
groups using the log-rank test. We report the 180-day esti-
mate with 95% confidence intervals for both safety and effi-
cacy event-free survival outcomes. A multivariable Cox
proportional hazards model adjusting for age and sex was
used to provide the adjusted hazard ratios (aHRs) for VTE,
major bleeding, and all clinically relevant bleeding over the
time course of the AVERT study. All safety and efficacy out-
comes were calculated using the modified intention-to-
treat analysis. The ARR for VTE prevention was calculated
by subtracting the event rate in the placebo arm from the
event rate in the apixaban arm for the complete cohort and
risk-stratified cohort. The number needed to treat (NNT) is
the inverse of the ARR. This analysis meets the recently
established consensus guidelines on the analysis and
reporting of risk-based variation of benefit across trial
populations [21].

RESULTS

Of 574 randomized patients in the AVERT study, 466 were
included in this analysis, as 108 had no available baseline D-
dimer assay. The baseline clinical characteristics of patients
excluded from our study is described in supplemental
online Table 2. Among individuals randomized to the pla-
cebo arm (n = 229), the CATScore demonstrated improved
discrimination for VTE (AUC 0.75 [95% CI 0.65—0.86]) com-
pared with the KRS (AUC 0.56 [95% CI 0.46-0.66]; supple-
mental online Fig. 1). The decision curve analysis
demonstrates that the application of the CATScore has
increased net benefit at a range of 6-month predicted VTE
risk thresholds compared with a KRS >2 (Fig. 1). A 6-month
VTE risk of 8% was the optimal threshold for risk stratifica-
tion, and at this threshold the CATScore had a sensitivity of
73%, specificity of 74%, positive predictive value of 26%,
and negative predictive value of 96% (supplemental online
Table 3). In comparison, a similar proportion of patients in
the placebo arm had a KRS 23 (n = 73 [32%]). However, the
sensitivity was only 42% with a positive predictive value of
15% (supplemental online Table 3).
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Figure 1. Decision curve analysis. A decision curve analysis
among participants randomized to the placebo arm of the
AVERT study. The net benefit (y-axis) is calculated as the true
positive rate minus the weighted false-positive rate for venous
thromboembolism and is demonstrated at a range of risk
threshold probabilities (x-axis—right truncated at 0.5). The
dashed line demonstrates the net benefit for the use of the
CATScore-based selection for thromboprophylaxis, whereas the
gray and black lines represent the net benefit of alternative
strategies of the KRS of >2 (gray) or treating no one (black).
Abbreviation: KRS, Khorana Risk Score.

The baseline clinical characteristics of individuals
included in this analysis are summarized in Table 1. The
mean 6-month predicted VTE risk was 10.9% (95% ClI
10.5%-11.3%) in the 28% risk cohort compared with 5.4%
(95% Cl 5.3%—5.5%) in the <8% risk cohort, with a mean D-
dimer of 4.0 pg/mL (95% Cl 3.2-4.9 pg/mL) in the >8% risk
cohort versus 1.2 pg/mL (95% Cl 1.1-1.3 pg/mL) in the <8%
risk cohort. Individuals in the 28% cohort were more likely
to be male (59% vs. 33%) and have a lower body mass index
(27.9 kg/m? [95% Cl 26.0-27.9] vs. 30.7 kg/m? [95% CI
29.8-31.6]). All patients with a very high-risk tumor type
for VTE (i.e. pancreatic, gastric, and primary brain) had a
predicted 6-month VTE risk >8%.

VTE Outcomes by Risk Cohorts
The median duration of follow-up was 196 days (inter-
quartile range 188-204 days) in the complete cohort and
was identical in the 28% and < 8% risk cohorts. In the com-
plete cohort, there were 13 (5.5%) VTE events in the
apixaban arm and 26 (11.4%) events in the placebo arm
(aHR 0.49 [95% Cl 0.25—-0.95], p < .05; Table 2). The 180-day
thrombosis-free survival in the apixaban arm was 95% (95%
Cl 92%-98%) compared with 89% (95% Cl 85%—93%) in the
placebo arm (Fig. 2). When selecting patients for throm-
boprophylaxis based on a KRS 22 (i.e., the complete cohort),
the ARR of 5.9% equates to a corresponding NNT with
apixaban of 17 to prevent one VTE.

In the >8% 6-month VTE risk cohort, there were
7 (8.4%) VTE events in the apixaban arm and 19 (26.3%) in
the placebo arm (aHR 0.33 [0.14-0.81], p < .05) and the
corresponding 180-day thrombosis-free survival was 93%
(95% ClI 87%—98%) in the apixaban arm versus 74% (95% ClI
65%-85%, p < .01) in the placebo arm. When selecting
patients for thromboprophylaxis using a CATScore 6-month
VTE risk threshold of >8%, the ARR is 17.9% with a
corresponding NNT with apixaban of 6.
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Table 1. Baseline clinical characteristics

Complete cohort CATScore 28%° CATScore <8%°
Apixaban Placebo Apixaban Placebo Apixaban Placebo
Characteristics n =237 n =229 n=83 n=72 n=154 n =157
Age, years
Mean + SD 60.6 + 12.6 61.0 + 11.8 59.5 + 11.7 61.8 + 9.9 61.2 + 13.0 60.6 + 12.6
IR 54-70 55-69 54-67 55 -67 54-71 54-70
Sex, n (%)
Male 98 (41) 98 (43) 48 (58) 44 (61) 50 (32) 54 (34)
CrCl, mL/min
Mean + SD 109 + 42 107 + 44 107 + 40 104 + 35 110 £ 43 109 + 48
IQR 80-133 76-129 81-117 83-119 78-139 73-133
Weight, kg
Mean + SD 81+ 23 83 +22 76 +£ 19 78 + 18 83+24 85+ 23
IR 62-96 67-95 61-87 63-87 64-98 68-97
BMI, kg/m?
Mean + SD 29.3+7.38 29.6 +7.4 27.0 £ 6.5 27.0+ 5.6 30.6 + 8.1 309+7.8
IQR 23-36 24-35 23-30 24-29 24-37 25-36
Tumor type, n (%)
Brain 13 (5.4) 8(3.5) 13 (15.7) 8(11.1) 0(0) 0(0)
Lung 24 (10.1) 23 (10.0) 2 (2.4) 2 (2.8) 22 (14.2) 21 (13.4)
Stomach 23 (9.7) 16 (7.0) 23 (27.7) 16 (22.2) 0(0) 0(0)
Pancreatic 27 (11.4) 30(13.1) 27 (32.5) 30 (41.7) 0 (0) 0(0)
Lymphoma 62 (26.1) 58 (25.3) 9 (10.8) 4 (5.6) 53 (34.4) 54 (34.3)
Gynecologic 65 (27) 61 (26.6) 8(9.6) 10 (13.9) 57 (37.0) 51 (32.5)
Other 23 (9.8) 33 (14.4) 1(1.2) 2 (2.8) 22 (14.2) 31 (19.7)
Khorana Risk Score, n (%)
2 151 (63.7) 156 (68.1) 45 (54.2) 44 (61.1) 106 (68.8) 112 (71.3)
3 65 (27.4) 57 (24.9) 26 (31.3) 20 (27.8) 39 (25.3) 37 (23.5)
4 21 (8.9) 16 (7.0) 12 (14.4) 8 (11.1) 9 (5.8) 8(5.1)
D-dimer, pg/mL
Mean + SD 22435 21435 39453 41+55 13+1.0 1.24+10
IQR 0.6-2.4 0.4-2.0 0.6-4.9 0.5-6.7 0.5-1.7 0.4-1.6
6-month predicted risk, %
Mean + SD 7.4 +31 7.14+33 10.9 + 2.5 11.0 + 3.0 55+ 1.0 53+1.1
IQR 5.1-9.6 4.9-8.9 9.3-11.6 9.1-11.8 4.9-6.1 4.7-6.0

?Each patient was stratified by their individualized 6-month predicted risk of VTE [15].
Abbreviations: BMI, body mass index; CATScore, 2018 Vienna CATScore; CrCl, creatinine clearance; IQR, interquartile range.

Table 2. Efficacy and safety data of complete and risk-stratified populations

Complete analytic AVERT cohort CATScore 8% CATScore <8%°
Apixaban Placebo Hazard ratio Apixaban Placebo Hazard ratio Apixaban Placebo Hazard ratio
Outcome n=237 n=229 (95%Cl) n=83 n=72 (95% Cl) n=154 n=157 (95% Cl)
VTE, n (%) 13 (5.5) 26 (11.4) 0.49 (0.25-0.95)> 7(8.4) 19 (26.3) 0.33 (0.14-0.81)° 6(3.9) 7(4.5) 0.89 (0.30-2.65)

Major bleeding, 9 (3.8) 5(2.2) 1.83(0.61-5.45) 5(6.0) 3(4.2) 1.91(0.44-8.19) 4(2.6) 2(1.3) 2.07(0.38-11.3)
n (%)

Overall bleeding, 27 (11.4) 13 (5.7) 2.11(1.09-4.09)° 11 (13) 4 (5.6) 2.87 (0.91-9.13) 16(10.3) 9(5.7) 1.89 (0.83-4.27)
n (%)

The complete analytic cohort comprises all patients enrolled into the AVERT study for whom baseline D-dimer was available.
?Each patient was stratified by their individualized 6-month predicted risk of VTE [15].

PAdjusted hazard ratios p < .05 (adjusted for age and sex).

Abbreviations: CATScore, 2018 Vienna CATScore; Cl, confidence interval; VTE, venous thromboembolism.
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Figure 2. Kaplan-Meier analysis of thrombosis-free survival. A Kaplan-Meier analysis with log-rank test was used to compare the
thrombosis-free survival between twice-daily apixaban 2.5 mg versus placebo for (A) all patients enrolled into the AVERT study for

whom baseline D-dimer values were availabl

e and (B) individuals in the AVERT study with a 6-month predicted risk of venous throm-

boembolism 28% or (C) 6-month predicted risk of <8%. (A): Thromboprophylaxis with apixaban led to an improved thrombosis-free

survival compared with placebo with an ab

solute risk reduction (ARR) of 5.9% at 180 days (hnumber needed to treat [NNT] = 17;

p < .05). (B): Among patients with a 6-month predicted risk 28%, apixaban had a 180-day ARR of 17.9% (NNT = 6; p < .01). (C): Indi-
viduals with a 6-month predicted risk <8% derived no benefit in thrombosis-free survival when receiving prophylaxis with apixaban

compared with placebo (p = .84).
Abbreviation: Cl, confidence interval.
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In the <8% risk cohort, there was no significant differ-
ence in the VTE events between patients treated with
apixaban (n =6 [3.9%]) versus placebo (n =7 [4.5%]; aHR
0.89 [0.30-2.65], p = .84; Table 2). In this cohort, the
180-day thrombosis free survival was 96% (95% Cl 94%—
100%) in the apixaban arm compared with 95% (95% CI
92%-99%) in the placebo arm (Fig. 2).

Bleeding Outcomes by Risk Cohort

In the complete cohort, there were no significant differ-
ences in major bleeding events in the apixaban arm (n =9
[3.8%]) compared with the placebo arm (n =5 [2.2%]; aHR
1.83 [95% ClI 0.61-5.45, p = .28). Patients receiving apixaban
had increased overall bleeding rates compared with placebo
(n =27 [11.4%] vs. 13 [5.7%]; aHR 2.11 [95% CI 1.09-4.09],
p < .05; Table 2). Patients receiving apixaban in the com-
plete cohort had a 180-day major bleeding—free survival of
96% (95% Cl 94%—99%) and 180-day overall bleeding—free
survival of 88% (95% Cl 84%—92%; Fig. 3).

In the 28% risk cohort, there was no significant differ-
ence in major bleeding between apixaban and placebo
(n =5 [6%] vs. 3 [4.2%]; aHR 1.91 [95% Cl 0.44-8.19],
p =.39). However, although the rates of overall bleeding
were increased in the apixaban arm (n =11 [13%]
vs. 4 [5.6%] in the placebo arm), this was not statistically
significant (aHR 2.87 [95% CI 0.91-9.13], p = .07;
Table 2). In the 28% cohort, patients receiving apixaban
had a 180-day major bleeding—free survival of 94% (95%
Cl 88%—99%) and 180-day overall bleeding—free survival
of 86% (95% Cl 79%-94%; Fig. 3).

In the <8% risk cohort, major and overall bleeding events
were lower compared with the >8% risk cohorts. There was
no significant difference in major bleeding events between
apixaban and placebo (n =4 [2.6%] vs. n = 2 [1.3%]; aHR 2.07
[95% ClI 0.38-11.3], p = .40). Although there were increased
rates of overall bleeding in the apixaban arm (n =16 [10.3]
vs. 9 [5.7%]), this was not statistically significant (aHR 1.89
[95% ClI 0.83-4.27], p = .13). In the <8% cohort, patients
receiving apixaban had a 180-day major bleeding—free survival
of 97% (95% Cl 95%—100%) and 180-day overall bleeding—free
survival of 89% (95% Cl 84%—94%; Fig. 3).

DiscussioN

Despite the longstanding and robust evidence on the utility of
thromboprophylaxis in reducing the VTE burden among ambu-
latory patients with cancer [4—7], methods for identifying the
appropriate “high-risk” population for the most efficient use
of thromboprophylaxis continues to generate much debate
[22]. In this study, we retrospectively validated the 2018
Vienna CATScore [15] in a cohort of ambulatory patients with
cancer with a Khorana Risk Score > 2 who were enrolled into
the placebo-controlled AVERT thromboprophylaxis trial [7].
We confirm the excellent discrimination of the CATScore for
VTE prediction; furthermore, we propose a 6-month VTE risk
cutoff of 28% as a risk threshold for consideration of throm-
boprophylaxis among ambulatory patients with cancer. At this
threshold, the NNT to prevent one VTE with apixaban throm-
boprophylaxis is only 6, compared with an NNT of 17 when
using a KRS >2. Patients with a 6-month predicted risk of VTE
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<8% appear to derive no benefit in terms of VTE prevention
from thromboprophylaxis with apixaban. Patients in the >8%
and < 8% cohorts did not experience increased rates of major
bleeding. Similar rates of overall clinically relevant bleeding
with apixaban were seen in the complete and risk-stratified
cohorts.

The Khorana Risk Score was published in 2008 and
was developed from a prospective cohort of patients
enrolled in the Awareness of Neutropenia Study Group
Registry [8]. A significant advantage and key to the initial
popularity of the KRS is the readily available clinical and
hematologic parameters required at the time of risk strat-
ification, without the need for additional measurements
of thrombotic biomarkers. However, subsequent prospec-
tive validation studies and systematic reviews have dem-
onstrated the limitation of the KRS in terms of positive
predictive value for VTE and that the key component for
risk prediction of the KRS is the categorization and
weighting of the primary tumor type [12, 22, 23]. When
developing and validating the 2018 Vienna CATScore,
Pabinger et al. maintained the tumor type categorization
as per the KRS and added D-dimer on a continuous scale
for improved risk prediction [15]. In their external valida-
tion cohort, the CATScore had an AUC of 0.68 (95% CI
0.62-0.74) versus 0.56 (95% Cl 0.50-0.63) for the KRS in
the same cohort. Similarly, we demonstrate the excellent
discrimination of the CATScore when applied to the pla-
cebo arm of the AVERT study. This is in contrast to the
poor sensitivity of the KRS that has been previously
highlighted [23]. Although the sensitivity of a KRS 23 in
the placebo arm of the AVERT of 42% is an improvement
from previously published figures [22, 23], it does not
compare favorably with the 73% sensitivity seen with a
CATScore at a threshold of >8%.

At our recommended 6-month VTE risk threshold of
>8%, similar to a KRS 22, all patients categorized with “very
high-risk” tumor types would receive thromboprophylaxis.
The measurement of D-dimer and evaluation of CATScore
would thus have limited utility in the decision to provide
thromboprophylaxis in this patient population. However, as
the CATScore has not been widely adopted into clinical
practice and still needs further validation, we would advo-
cate the ongoing calculation of the CATScore even among
very high-risk tumor types. Future studies, ideally including
patients with KRS 0 or 1, may identify a higher 6-month VTE
risk threshold, which would thus necessitate measurement
of D-dimer and calculation of the CATScore in all tumor
types.

D-dimer is a global marker of fibrinolysis and is a key
component of the CATScore. It is widely available in clinical
laboratories and commonly used for its negative predictive
value to exclude low-risk VTE [24, 25]. D-dimer is now also
being used to assess the risk of VTE recurrence on cessation
of oral anticoagulation [26]. Most prior risk prediction tools
use D-dimer as a dichotomous variable (i.e., either normal
or elevated) [13, 24-26]; however, dichotomization is
known to result in significant loss of vital clinical informa-
tion [27]. By maintaining D-dimer on a continuous scale,
Pabinger et al. are better able to use this thrombotic bio-
marker for risk prediction [15]. Interestingly, the Vienna
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Figure 3. Kaplan-Meier analysis of major and overall bleeding events. A Kaplan-Meier analysis with log-rank test demonstrated no
difference in major bleeding events in patients randomized to thromboprophylaxis with apixaban 2.5 mg twice daily versus placebo
in (A) all patients enrolled into the AVERT study for whom baseline D-dimer was available (p = .29), (B) individuals with a 6-month
predicted venous thromboembolism (VTE) rate of 28% (p = .57), or (C) individuals with a 6-month predicted VTE rate < 8%
(p = .39). There was an increased rate of overall bleeding (composite of major and clinically relevant nonmajor bleeding) in all
patients randomized to apixaban 2.5 mg b.i.d. versus placebo; this was significant in the complete analytic cohort (p = .02) with no
significance in patients with a 6-month predicted VTE risk 28% (E; p = .10) or those with a 6-month predicted VTE risk <8% (F;

p =.12).
Abbreviation: Cl, confidence interval.

Prediction Model for VTE recurrence, similar to the CAT-
Score, used D-dimer on a continuous scale and demon-
strated improved discrimination between high- and low-risk
patients [28].

Unlike the KRS, the requirement for a D-dimer assay for
the CATScore poses additional practical hurdles in real-
world implementation of risk-targeted thromboprophylaxis
in ambulatory patients with cancer. Additionally, increasing
efforts will need to be placed on the operating

www.TheOncologist.com

characteristics of the large variety of commercially available
D-dimer assays, as the results from the nomogram gener-
ated by Pabinger et al. may not translate directly to all D-
dimer assays [29]. Despite these potential limitations, prior
quality-improvement strategies that incorporate electronic
health records to provide personalized VTE prophylaxis to
ambulatory patients with cancer have been shown to be an
effective tool to increase thromboprophylaxis uptake
rates [30].

© AlphaMed Press 2020
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Limitations

There are several important limitations in our study. First,
the model performance of the CATScore was assessed in a
cohort of patients with a KRS >2 enrolled in the AVERT trial.
It remains uncertain if the risk discrimination will be as
robust when applied to a wider cohort of ambulatory
patients with cancer with lower baseline predicted risks of
VTE. Notably, the low-risk group (i.e., KRS of 0 or 1)
accounted for greater than 50% of the individuals enrolled
into the prospective cohorts used for the development and
validation of the CATScore [15]. However, our study is not
able to evaluate the proportion of patients with a KRS <2
who would be categorized as having a CATScore 28%. Sec-
ond, in this post hoc analysis, we excluded 108 randomized
patients owing to the omission of baseline D-dimer mea-
surement. Although there does not appear to be a system-
atic etiology for this omission and the excluded patients
had similar baseline clinical characteristics, the possibility of
an inadvertent selection bias and confounding remains.
Third, given the exclusion of patients at high risk of bleed-
ing from clinical trials evaluating thromboprophylaxis and
the caveats of translating trial results into real-world prac-
tice [6, 7, 31], most societal guidelines still recommend an
individualized patient-centered approach when deciding on
thromboprophylaxis [9, 10]. Interestingly, similar to the evo-
lution of primary and secondary prevention in cardiovascu-
lar disease, an individualized risk percentile as generated by
the CATScore may aid in this shared decision-making pro-
cess [32]. Fourth, we are mindful to highlight that the inclu-
sion criteria for the AVERT study required patients to have
a minimum intent of 3 months of outpatient cytotoxic che-
motherapy. The role of thromboprophylaxis among those
receiving immunotherapy, targeted therapy, or hormonal
therapy alone has not been fully outlined. Finally, we dem-
onstrate that there are increased rates of overall bleeding
with apixaban in the complete cohort analysis; however,
the rates of overall bleeding were not statistically significant
in the cohorts stratified by the CATScore. With the reduced
sample size, we would be mindful for the possibility of a
type Il error in this instance.
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