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ABSTRACT

Background. Current risk assessment models (RAMs) for
prediction of venous thromboembolism (VTE) risk in the
outpatient cancer population have shown poor predictive
value in many of the most common cancers. The Compar-
ison of Methods for Thromboembolic Risk Assessment
with Clinical Perceptions and AwareneSS in Real Life
Patients-Cancer Associated Thrombosis (COMPASS-CAT)
RAM was derived in this patient population and
predicted patients at high risk for VTE even after initia-
tion of chemotherapy. We sought to externally validate
this RAM.
Materials and Methods. Patients aged ≥18 years who pres-
ented to a tertiary care center between January 1, 2014,
and December 31, 2016, with invasive breast, ovarian,
lung, or colorectal cancers were included. The COMPASS-
CAT RAM was applied using our health system’s tumor
registry and variables that were identified by International
Statistical Classification of Diseases and Related Health
Problems-9 and -10 codes of the electronic health record

and independent chart review. The primary endpoint at
6-month study follow-up was documented VTE.
Results. A total of 3,814 patients were included. Documented
VTE at 6-month follow-up occurred in 5.85% of patients.
Patients stratified into low/intermediate- and high-risk groups
had VTE rates of 2.27% and 6.31%, respectively. The sensitiv-
ity, specificity, and negative and positive predictive value of
the RAM were 95%, 12%, 97.73%, and 6.31%, respectively.
Diagnostic accuracy via receiver operating characteristic curve
was calculated at 0.62 of the area under the curve.
Conclusion. In this large retrospective external validation study
of the COMPASS-CAT RAM for VTE in patients with cancer
undergoing active treatment, model discrimination was moder-
ate and calibration was poor. The model had good negative pre-
dictive value. Further prospective validation studies—especially
within 6 months of cancer diagnosis—are needed before the
model can be implemented into routine clinical practice for pri-
mary thromboprophylaxis of high-VTE-risk patients with cancer
with solid tumors. The Oncologist 2020;25:e1083–e1090

Implications for Practice: This study provides further guidance for researchers and clinicians in determining clinical and labora-
tory risk factors associated with development of venous thromboembolism among the ambulatory population of patients being
treated for lung, breast, colorectal, or ovarian cancer. It validates the COMPASS-CAT risk model that was developed in this cancer
population and suggests that further prospective validation of the model, with more focus on patients within 6 months of their
index cancer diagnosis, would likely enhance the accuracy and usefulness of this model as a clinical prediction tool.
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INTRODUCTION

Venous thromboembolism (VTE) remains an important issue
for ambulatory patients with cancer undergoing therapy [1].
The overall incidence of symptomatic VTE in outpatients with
cancer subtypes such as breast, colon, lung, or ovarian cancer
is approximately 3% but increases sixfold in patients undergo-
ing active chemotherapy or in advanced stages of disease
[2, 3]. Although routine assessment of VTE risk for ambula-
tory patients with cancer is recommended [4], a reliable
VTE risk assessment model (RAM) that would direct pri-
mary thromboprophylaxis in high-VTE-risk patients has not
yet been optimized [5].

The only current evidence-derived, weighted, and scored
VTE RAM for the outpatient population with cancer remains
the Khorana VTE score and its extensions [6, 7]. The Khorana
VTE RAM is applicable for patients with solid tumors at the
start of chemotherapy and has undergone extensive external
validation [6, 8]. It also has recently been incorporated with a
cutoff of 2 or more into two recently published placebo-
controlled trials of direct oral anticoagulants (DOACs) in ambu-
latory patients with cancer [9, 10]. However, the Khorana VTE
RAM’s ability to consistently discriminate high versus low VTE
risk in specific cohorts of patients with cancer such as lung
cancer—including a recent analysis in patients with lung can-
cer in the era of targeted therapy—and in subgroups of
patients from randomized trials in ambulatory patients with
cancer has been suboptimal, with the VTE RAM being unable
to predict as much as 70% of a cohort in one randomized,
placebo-controlled trial [11–13]. Thus, an accurate VTE RAM
specific to the ambulatory patient with cancer with breast,
colon, lung, and ovarian cancer that takes into account both
clinical and biomarker-based risk factors and all forms of che-
motherapy continues to remain an unmet clinical need [5].

Recently, a multicenter, prospective, longitudinal, evidence-
derived, weighted, and scored VTE RAM, the prospective Com-
parison of Methods for Thromboembolic Risk Assessment with
Clinical Perceptions and AwareneSS in Real Life Patients-Cancer
Associated Thrombosis (COMPASS-CAT) RAM, was developed
and internally validated in a European and Middle Eastern out-
patient population of patients with cancer undergoing chemo-
therapy for breast, colon, lung, and ovarian cancer, with good
discrimination and calibration characteristics [5]. The objective
of this study was to externally validate using a retrospective
design the COMPASS-CAT RAM in outpatients with cancer
undergoing therapy for breast, colon, lung, and ovarian cancer
in a large academic health system in the U.S.

MATERIALS AND METHODS

Inclusion criteria consisted of outpatients with cancer aged
≥18 years who presented at the Monter Cancer Center
between January 1, 2014, and December 31, 2016, with
breast, colorectal, lung, and ovarian cancer. Patients entered
the study at the date of tissue diagnosis per data gathered
from the health system’s tumor registry, a comprehensive cat-
alog of each patient with cancer evaluated at the Monter
Cancer Center and maintained by its treating physicians. The
date of first contact with a physician at the Monter Cancer
Center represented the starting point (Day 0) that could

capture at least a 6-month longitudinal study period. Patient
data were collected up to 12 months from date of first con-
tact and up until the time of death. Cancer stage at the time
of first contact was documented in the tumor registry. Medi-
cation reconciliations prior to or on the date of first contact
contained on the patient’s electronic health record (EHR) was
queried for the presence of treatment-dose anticoagulation.
Exclusion criteria consisted of all patients with carcinoma in
situ (as they were in the derivation study) and patients deter-
mined to be on treatment doses of anticoagulation at the
time of enrollment.

The COMPASS-CAT RAM includes eight sections of clinical
or laboratory variables as shown in supplemental online
Appendix 1. Billing records and EHR data were reviewed, and
further chart review was undergone to confirm the occurrence
of each of these eight variables. The predisposing risk factors
for VTE and VTE events were collected from the EHR using
International Statistical Classification of Diseases and Related
Health Problems (ICD)-9 and -10 codes as shown in supple-
mental online Appendix 2. Obesity was determined via a docu-
mented body mass index (BMI) ≥30 on the patient’s EHR at
the time of enrollment. All VTE events collected via initial sea-
rch of ICD-9 and -10 codes were then confirmed through chart
review by one study author (S.N.) using prespecified criteria.
A VTE event was confirmed by chart review if two out of three
of the following criteria were met: (a) the patient had a new
documentation of an ICD-9 or -10 code for VTE outlined in sup-
plemental online Appendix 2; (b) the patient had a pharmacy
record that they received treatment doses of anticoagulants
(heparin, low-molecular-weight heparin, or warfarin); or (c) the
patient had evidence of VTE on an objective exam
(e.g., Doppler ultrasonography of the extremities, computed
tomography scan of the chest with contrast, x-ray venography,
magnetic resonance venography). All remaining VTE events fol-
lowing chart review were confirmed via consensus following
review of the chart by three independent study authors. For
platelet counts ≥350,000 × 109/L, laboratory data from the
patient’s EHR was collected, and the highest number captured
during the study time frame was used. A sensitivity analysis
was also performed that captured platelet counts on the date
of first contact (study entry). Recent hospitalization data for an
acute medical illness was captured using a combination of bill-
ing records and EHR records dating to 6 months prior to date
of first contact. A central venous catheter was documented as
present if the phrase “midline catheter,” “central line,” “PICC,”
and/or “central venous line” was identified on EHR query of
nursing documentation between 60 days prior to and 60 days
after the first contact date. In order to determine the presence
of antihormonal therapy (including aromatase inhibitors
[anastrozole, letrozole, exemestane] or tamoxifen) or anthra-
cycline therapy, EHR medication reconciliations and oncology
pharmacy records were reviewed for records of active prescrip-
tions from study entry and throughout the study period. Death
was captured by chart review and EHR query.

To perform our validation study of the COMPASS-CAT
RAM, expected VTE event rates were calculated using the
risk score, and for individual risk factors along with their
associated 95% confidence intervals (CIs). We aimed to have

© AlphaMed Press 2020

COMPASS-CAT Validatione1084



sufficient size of a population in order to obtain approxi-
mately 23 events per variable as an optimal measure of
model validation [14, 15]. A logistic regression model was
calculated to evaluate the predictive ability of the model. We
calculated a binary cutoff to define VTE risk groups into
low/intermediate- and high-VTE-risk categories, and calcu-
lated sensitivity, specificity, and negative and positive predic-
tive values (NPVs, PPVs) based on categorization. Receiver
operating characteristic (ROC) curves were created to evalu-
ate the overall diagnostic accuracy of our validation set. Area
under the ROC curve and the corresponding 95% CI was cal-
culated for model discrimination, and the Hosmer-Lemeshow
test was used for model calibration. All analyses were con-
ducted using SAS software (version 9.4; SAS Institute, Cary,
NC). We conducted sensitivity analyses capturing the platelet
count on the date of first contact in addition to adjusting for
pharmacologic thromboprophylaxis.

The procedures used were reviewed and approved as
being in compliance with ethical standards of the responsible
institutional review committee at the home institution of the
authors. All research activities were in compliance with the
World Medical Association Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects.

RESULTS

A total of 6,700 patients were assessed between January
1, 2014, and December 31, 2016, with breast, colorectal, lung,
and ovarian cancer, of whom 2,796 were excluded because of
predefined exclusionary criteria, and a further 90 patients
were excluded because of incomplete records. A total of
3,814 patients met the inclusion criteria as seen in Figure 1.

As shown in Table 1, the mean age of participants was
64 years, 79% were females, and the mean BMI was 27.9.
In terms of cancer type and stage, 48.9% had breast cancer,
17.1% had colon cancer, 29.0% had lung cancer, and 4.9%

Assessed for eligibility
n = 6700

Enrolled
n = 3904 

2796 excluded for not meeting 
eligibility criteria 

873 carcinoma in-situ  

127 incomplete follow-up information 

      1796 active treatment with full 
      dose anticoagulation 

90 excluded due to incomplete 
records

66 unstaged 

23 without BMI 

      1 without gender3814 study 
participants

Figure 1. Flow chart of the patients enrolled in the COMPASS-
CAT external validation study.
Abbreviation: BMI, body mass index.

Table 1. Demographic data, cancer characteristics, and
associated treatments and comorbidities related to cancer
in the validation and derivation cohort of evaluable patients

Characteristics

Validation
cohort
(n = 3,814)

COMPASS-CAT
derivation cohort
(n = 1,023)

Age, mean � SD, yrs 64 � 13.0 55 � 12

Gender

Male 804 (21.1) 191 (18.7)

Female 3,010 (78.9) 832 (81.3)

BMI, mean � SD 27.9 � 6.4

Normal 1,390 (36.4) 427 (41.7)

Overweight 1,261 (33.1) 339 (33.1)

Obesity 1,163 (30.5) 258 (25.2)

Type of cancer

Breast 1,867 (48.95) 629 (61.5)

Colon 654 (17.15) 170 (16.6)

Lung 1,108 (29.05) 136 (13.3)

Ovarian 185 (4.85) 88 (8.6)

Cancer stage

Localized 1,988 (52.1) 307 (30.0)

Locally advanced 1,111 (29.1) 311 (30.4)

Metastatic 715 (18.8) 405 (39.6)

Time since
diagnosis, months

0–6 237 (6.2) 653 (63.8)

>6 3,577 (93.8) 370 (36.2)

Anticancer treatment
and devices

Anthracycline 59 (1.55) 356 (34.8)

Antihormonal 1,694 (44.4) 265 (25.9)

Anastrozole,
letrozole,
exemestane
only

1,064 (27.9)

Tamoxifen only 376 (9.9)

Other
antihormonal
therapya

283 (7.4)

CVC presence 354 (9.3) 326 (31.9)

Comorbidities

Peripheral
vascular disease

2,150 (56.4) 25 (2.4)

Ischemic stroke 222 (5.8) 15 (1.5)

Coronary artery
disease

612 (16.1) 52 (5.1)

Hypertension 2,206 (57.8) 280 (27.4)

Hyperlipidemia 1,740 (45.6) 229 (22.4)

Diabetes mellitus 732 (19.2) 123 (12.0)

Obesity 1,163 (30.5) 258 (25.2)

Data are presented as n (%) unless otherwise noted.
aIncludes fulvestrant, goserelin, leuprolide, and toremifene. Some
patients had multiple antihormonal therapies.
Abbreviations: BMI, body mass index; CVC, central venous catheter.
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Table 2. VTE risk factor incidence in the cohort group who developed VTE versus those who did not develop VTE

VTE risk factors VTE (n = 223) No VTE (n = 3,591) p value

Antihormonal therapy or
anthracycline-containing therapy

.0001

Yes 68 (3.97%) 1,645 (96.03%)

No 155 (7.38%) 1,946 (92.62%)

Antihormonal therapy .0001

Yes 65 (3.84%) 1,629 (96.16%)

No 158 (7.45%) 1,962 (92.55%)

Anthracycline-containing therapy .16

Yes 6 (10.17%) 53 (89.83%)

No 217 (5.78%) 3,538 (94.22%)

Hospitalization .0001

Yes 62 (11.59%) 473 (88.41%)

No 161 (4.91%) 3,118 (95.09%)

Cardiovascular risk factors and comorbidities
(composed by at least two of the following
predictors: personal history of peripheral artery
disease, ischemic stroke, coronary artery disease,
hypertension, hyperlipidemia, diabetes, obesity)

.69

Yes 143 (5.74%) 2,350 (94.26%)

No 80 (6.06%) 1,241 (93.94%)

Personal history of peripheral artery disease .01

Yes 107 (4.98%) 2,043 (95.02%)

No 116 (6.97%) 1,548 (93.03%)

CVA (ischemic stroke) .99

Yes 13 (5.86%) 209 (94.14%)

No 210 (5.85%) 3,382 (94.15%)

Coronary artery disease .054

Yes 46 (7.52%) 566 (92.48%)

No 177 (5.53%) 3,025 (94.47%)

Hypertension .09

Yes 141 (6.39%) 2,065 (93.61%)

No 82 (5.10%) 1,526 (94.90%)

Hyperlipidemia .81

Yes 100 (5.75%) 1,640 (94.25%)

No 123 (5.93%) 1,951 (94.07%)

Diabetes .11

Yes 52 (7.10%) 680 (92.90%)

No 171 (5.55%) 2,911 (94.45%)

Obesity .88

Yes 67 (5.76%) 1,096 (94.24%)

No 156 (5.88%) 2,495 (94.12%)

Time since cancer diagnosis ≤6 months .81

Yes 210 (5.87%) 3,367 (94.13%)

No 13 (5.49%) 224 (94.51%)

CVC .0001

Yes 43 (12.15%) 311 (87.85%)

No 180 (5.20%) 3,280 (94.80%)

(continued)
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had ovarian cancer, with 52.1% of cancers being localized,
29.1% locally advanced, and 18.8% metastatic. In terms of
time since first contact, the majority of patients (93.8%)
were seen more than 6 months after their index cancer
diagnosis. Fifteen percent of the study population received
thromboprophylaxis with either low-molecular-weight hep-
arin (enoxaparin 40 mg s.c. daily or 30 mg s.c. twice daily)
or unfractionated heparin (5,000 IU s.c. twice daily). For
anticancer treatment and devices, 1.55% had anthracycline
therapy, 44.4% antihormonal therapy (62.8% with aroma-
tase inhibitor therapy and 22.3% with tamoxifen), and 9.3%
had a central venous catheter (CVC) present. Lastly, relevant
percentages of comorbidities are included in Table 1.

VTE Outcomes
An outcome of deep vein thrombosis or pulmonary embo-
lism occurred in 5.8% of the entire study population at
6 months. In terms of VTE risk factors as used in the
COMPASS-CAT score, Table 2 shows the following risk fac-
tors were significantly associated with a VTE outcome: a
personal history of VTE (17.4% vs. 5.0%, p = .0001), medical
hospitalization (11.6% vs. 4.9%, p = .0001), advanced stage
of cancer (10.6% vs. 1.5%, p = .0001), the presence of a
central venous catheter (12.2% vs. 5.2%, p = .0001),

platelet count ≥350,000 × 109/L (10.9% vs. 3.4%,
p = .0001). However, none of the cardiovascular risk factors
in the model, either individually or in a tandem of at least
two risk factors, were significantly associated with a VTE
outcome, and a personal history of peripheral arterial dis-
ease was significantly associated with an absence of a VTE
outcome (5.0% vs. 7.0%, p = .01). In addition, other factors
such as an earlier time of diagnosis of cancer (within
6 months) was not significantly associated with a VTE outcome
(5.9% vs. 5.5%, p = .81). Finally and paradoxically, the presence
of antihormonal therapy was significantly associated with an
absence of a VTE outcome (3.8% vs. 7.5%, p = .0001), whereas
the presence of anthracycline-containing therapy was not
significantly associated with a VTE outcome (10.2% vs.
5.8%, p = .16).

Model Discrimination, Calibration, and Qualitative
Characteristics
In terms of model discrimination, Figure 2 shows that the area
under the ROC curve for the validation sample for risk of VTE
was 0.62, indicating moderate discrimination capacity.
According to the Hosmer-Lemeshow test, a p < 2.2e-16
showed that the model was not well calibrated. Plotting the
expected VTE events, according to the model, against the
observed VTE events, as well as against the expected observed
number of patients without any VTE event, confirmed the poor
calibration of the model (Fig. 3). Using the original derivation
model’s cutoff scores of 0–6 for low/intermediate VTE risk
and > 7 for high VTE risk, model characteristics showed an inci-
dence of VTE of 2.3% in low-VTE-risk populations versus 6.3%
in high-VTE-risk populations as shown in Table 3. Model sensi-
tivity, specificity, and negative and positive predictive values
with 95% confidence intervals are shown in Table 4. Model
sensitivity to rule out VTE was 95.5%, and the specificity and
negative predictive values were 12.0% and 97.7%, respectively.
Capturing the platelet count on the date of first contact and
adjusting for pharmacologic thromboprophylaxis did not appre-
ciably alter any of the performance characteristics of the
model, including discrimination, calibration, NPV, PPV, sensitiv-
ity, and specificity (data not shown).

Table 2. (continued)

VTE risk factors VTE (n = 223) No VTE (n = 3,591) p value

Platelets count ≥350 × 109/L .0001

Yes 136 (10.85%) 1,117 (89.15%)

No 87 (3.40%) 2,474 (96.60%)

Advanced stage of cancer

Yes 194 (10.62%) 1,632 (89.38%) .0001

No 29 (1.46%) 1,959 (98.54%)

Personal history of VTE .0001

Yes 44 (17.39%) 209 (82.61%)

No 179 (5.03%) 3,382 (94.97%)

Bolded p values are statistically significant.
Abbreviations: CVA, cerebral vascular accident; CVC, central venous catheter; VTE, venous thromboembolism.

Figure 2. Receiver operating characteristic curve for the
COMPASS-CAT venous thromboembolism (VTE) risk assessment
model validation cohort for risk of VTE. Area under the curve
is 0.62%.
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DISCUSSION

Predicting the risk of VTE in outpatients with solid tumors
remains a difficult clinical issue. The COMPASS-CAT RAM
was derived prospectively using a multinational design and

evidence from clinical as well as laboratory variables [5].
Although in theory it could be applied to outpatients with
solid tumors at any time after treatment initiation, our large
external validation of the COMPASS-CAT RAM, where the
majority of patients were seen in our tertiary cancer center
after 6 months of treatment initiation, suggests that the
model performed less optimistically when this time element
lapse was introduced. However, the reasonable discrimina-
tion capacity as well as a strong negative predictive value of
the model is in line with previous external validation efforts
of VTE risk models in patients with cancer, especially outpa-
tients [11, 16–18]. These findings imply that the COMPASS-
CAT RAM will require further prospective validation prior to
having meaningful use in clinical practice.

The COMPASS-CAT RAM joins other models in the predic-
tion of VTE in the outpatient cancer population [7, 18, 19].

Table 3. Incidence of VTE according to the stratification of patients to high or low/intermediate risk levels using the
COMPASS-CAT risk assessment model

VTE risk

VTE events, n (%)

No VTE VTE Total

High risk (score 7 or more) 3,161 (93.69%)
Breast cancer: 1,604 (97.62%)
Colorectal cancer: 516 (91.00%)
Lung cancer: 894 (89.22%)
Ovarian cancer: 147 (90.74%)

213 (6.31%)
Breast cancer: 39 (2.37%)
Colorectal cancer: 51 (8.99%)
Lung cancer: 108 (10.78%)
Ovarian cancer: 15 (9.26%)

3,374 (88.4%)

Low/intermediate risk (score 0–6) 430 (97.73%)
Breast cancer: 223 (99.55%)
Colorectal cancer: 85 (97.70%)
Lung cancer: 99 (93.40%)
Ovarian cancer: 23 (100.00%)

10 (2.27%)
Breast cancer: 1 (0.45%)
Colorectal cancer: 2 (2.30%)
Lung cancer: 7 (6.60%)
Ovarian cancer: 0 (0.00%)

440 (11.5%)

Total 3,591 223 3,814

The number of VTE events per type of cancer in each level of risk is also shown. The type of cancer was unknown for eight patients with docu-
mented VTE.
Abbreviation: VTE, venous thromboembolism.

Table 4. COMPASS-CAT risk assessment model sensitivity,
specificity, and negative and positive predictive values with
95% confidence intervals

Sensitivity 95.52% (95% CI: 91.91–97.83)

Specificity 11.97% (95% CI: 10.93–13.08)

NPV 97.73% (95% CI: 95.89–98.75)

PPV 6.31% (95% CI: 6.13–6.50)

Abbreviations: CI, confidence interval; NPV, negative predictive
value; PPV, positive predictive value; RAM, risk assessment model.

Figure 3. Scatter plot comparing the expected VTE events, according to the risk assessment model, against the observed VTE events
in patients both with (white) and without (red) any VTE event.
Abbreviation: VTE, venous thromboembolism.
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Among the other risk prediction models developed, the
Khorana score has been the most widely studied and validated
[7]. Recently, placebo-controlled, randomized studies eval-
uating thromboprophylaxis with DOACs in patients with
elevated risk of VTE per the Khorana score have shown
overall benefit in reduction of VTE events along with low
incidence of major bleeding [9, 10]. However, the general-
izability of these studies has been called into question
because of the low incidence in these trials of some the
most common types of cancer, such as breast, colorectal,
and prostate cancers [20]. The Khorana prediction score
has also been shown to perform poorly in lung cancer, fur-
ther limiting its generalizability in a large proportion of the
solid-tumor population [11]. In an external prospective
validation cohort of 819 patients with various solid
tumors, NPV, PPV, and sensitivity and specificity of the
Khorana VTE RAM were 94.9%, 22.1%, 31.9%, and 91.9%,
respectively [6]. VTE incidence ranged from 1.5% in the
low-risk group to 17.7% in the high-VTE-risk group. A sys-
tematic review and meta-analysis of the Khorana VTE
score with 55 cohorts enrolling 34,555 ambulatory
patients with cancer determined a 5.0% risk of VTE within
the first 6 months in the low-risk group, with 6.6% risk in
the intermediate-risk group and 11.0% risk in the high-risk
group [21]. These studies, among others, emphasize the
specificity of the Khorana VTE RAM in predicting ambula-
tory patients with cancer at high risk of VTE, with the
caveat that most VTE events did not occur in patients in
the high-risk group. In comparison with our validation of
the COMPASS-CAT VTE RAM, the negative and positive
predictive values are similar, with a greater sensitivity and
lower specificity than the Khorana VTE RAM.

The COMPASS-CAT VTE RAM derivation study specifically
addressed these lapses in the Khorana score by focusing on
lung, breast, ovarian, and colorectal cancers as well as its
potential use not only during treatment initiation (as used by
the Khorana score) but at any time after beginning cancer-
directed therapy [5]. The COMPASS-CAT VTE RAM identified
novel predictive variables, such as recent hospitalization and
cardiovascular risk factors, that identified heightened VTE risk
in addition to more classically recognized VTE risk factors, such
as time since cancer diagnosis, stage of cancer, use of anti-
hormonal therapy or anthracycline treatment, personal history
of VTE, and thrombocythemia [5]. Our external validation
study identified history of VTE, recent medical hospitalization,
cancer stage, presence of CVC, and thrombocythemia as inde-
pendent variables predicting VTE risk. However, others risk
factors in the original model such as use of antihormonal ther-
apy, the presence of cardiovascular risk factors such as stroke,
obesity, and hyperlipidemia, and time since cancer diagnosis
were not predictive in our validation study. Possible explana-
tions for this include confounding by unadjusted factors; the
different demographics of the validation versus derivation
populations (the validation population was older and with a
greater prevalence of cardiovascular risk factors and com-
orbidities); the potentially different types of antihormonal reg-
imens used in the two populations, as a majority of our
validation cohort were on aromatase inhibitors as their anti-
hormonal therapy, which is less thrombogenic than tamoxifen
used for the derivation cohort [22]; and importantly, a time

bias in the validation versus derivation cohort (6.2% vs. 63.8%
within 6 months of cancer diagnosis), which may have led to
a lower than expected incidence of VTE, as the majority of
VTE events tend to occur within 3 months of the index cancer
diagnosis [23].

In terms of model characteristics, the area under the ROC
curve of 0.62 found in our external validation study is less
optimistic than the original ROC analysis with an area under
the curve of 0.85 but is very much in line with previous vali-
dation efforts of cardiovascular models using external
populations [24]. Derivation models tend to be over-
optimistic and overfitted compared with later validation
efforts of these models, but the moderate discrimination of
the model found in our study should give reassurance to cli-
nicians that the model would behave in line with other VTE
risk models [25]. Indeed, the NPV of 97.7% for the model
found in our validation study reveals the potential for the
COMPASS-CAT VTE RAM to identify low-VTE-risk patients
that potentially would not benefit from an aggressive strat-
egy of primary thromboprophylaxis.

Our study found that model calibration for the COMPASS-
CAT VTE RAM was poor. The initial derivation study for the
COMPASS-CAT VTE RAM found an annual VTE incidence of
8.6%. Patients stratified into a high VTE risk using a cutoff of
7 or more points had a VTE rate of 13%, whereas those in
low/intermediate VTE risk using a cutoff of 0–6 points had a
VTE rate of 1.7%. In our external validation study, the 6-month
rate of VTE was 5.8%. We found that by using model cutoffs
of 0–6 or ≥ 7 points, patients stratified into low/intermediate-
and high-VTE-risk groups had VTE rates of 2.27% and 6.31%,
respectively. These observations are also consistent with the
poor PPV of 6.3% of the model found in our study. As a
threshold rate of 10% or greater at 6 months for symptomatic
VTE appears to be of clinical value in separating high- versus
non–high-VTE-risk groups based on VTE risk models in outpa-
tients with cancer [10, 19], the COMPASS-CAT VTE RAM may
require further prospective validation in thromboprophylactic
studies with more focus on patients within 6 months of their
index cancer diagnosis.

Limitations of our study include its retrospective nature,
limitations of variables derived from claims codes in terms of
their specificity, the potential for missing data, the potential
for time bias in terms of entry of the patient into our study
versus actual time of diagnosis of index cancer, and the
potential to have underrepresented VTE events. In order to
mitigate the risk of missing data from EHR records, we per-
formed careful chart review of all possible VTE events initially
flagged by either presence of an ICD-9 or -10 code or anti-
coagulation, and maintained a strict criteria of confirming
VTE events as outlined. However, our study represented a
large and diverse patient population of 3,814 outpatients
with solid tumors entering a tertiary academic cancer center,
with 223 confirmed VTE events. For VTE events, a potential
limitation stems from the inclusion of catheter-related VTE in
the model, as thromboprophylaxis does not appear to alter
their natural history, but the number of these events was
small. In terms of our model validation efforts, our study
achieved 23 events per variable, which was more robust than
the 10 events per variable of the derivation trial. The num-
bers of patients with ovarian cancer in our cohort were
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small, and limitation of the COMPASS-CAT RAM in this popu-
lation highlights the need to further study this patient group.

CONCLUSION

Our retrospective external validation of the COMPASS-CAT
VTE RAM using a large cohort of outpatients with breast,
lung, colorectal, and ovarian cancer revealed that the model
had moderate discrimination and good NPV but poor cali-
bration using the defined cutoffs of 0–6 versus 7 or more
points as well as poor specificity. Further work on prospec-
tive validation of the model, with more focus on patients
within 6 months of their index cancer diagnosis, is needed.
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