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BACKGROUND

Patients with active cancer have an increased risk of venous thromboembolism, which
results in substantial morbidity, mortality, and health care expenditures. The Khorana
score (range, 0 to 6, with higher scores indicating a higher risk of venous thromboembolism) has been validated to identify patients with cancer at elevated risk for this
complication and may help select those who could benefit from thromboprophylaxis.
METHODS

We conducted a randomized, placebo-controlled, double-blind clinical trial assessing
the efficacy and safety of apixaban (2.5 mg twice daily) for thromboprophylaxis in
ambulatory patients with cancer who were at intermediate-to-high risk for venous
thromboembolism (Khorana score, ≥2) and were initiating chemotherapy. The primary efficacy outcome was objectively documented venous thromboembolism over a
follow-up period of 180 days. The main safety outcome was a major bleeding episode.
RESULTS

Of the 574 patients who underwent randomization, 563 were included in the modified
intention-to-treat analysis. Venous thromboembolism occurred in 12 of 288 patients
(4.2%) in the apixaban group and in 28 of 275 patients (10.2%) in the placebo group
(hazard ratio, 0.41; 95% confidence interval [CI], 0.26 to 0.65; P<0.001). In the modified
intention-to-treat analysis, major bleeding occurred in 10 patients (3.5%) in the apixaban group and in 5 patients (1.8%) in the placebo group (hazard ratio, 2.00; 95% CI,
1.01 to 3.95; P = 0.046). During the treatment period, major bleeding occurred in 6 patients (2.1%) in the apixaban group and in 3 patients (1.1%) in the placebo group (hazard ratio, 1.89; 95% CI, 0.39 to 9.24).
CONCLUSIONS

Apixaban therapy resulted in a significantly lower rate of venous thromboembolism
than did placebo among intermediate-to-high-risk ambulatory patients with cancer who
were starting chemotherapy. The rate of major bleeding episodes was higher with
apixaban than with placebo. (Funded by the Canadian Institutes of Health Research and
Bristol-Myers Squibb–Pfizer Alliance; AVERT ClinicalTrials.gov number, NCT02048865.)
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atients with active cancer have an
increased risk of venous thromboembolism,
which results in substantial morbidity and
mortality.1-3 Although parenteral thromboprophylaxis can reduce the risk of venous thromboembolism among ambulatory patients undergoing
chemotherapy, it is not routinely recommended
in practice guidelines because the absolute risk
reduction is modest and parenteral thromboprophylaxis is associated with an increased risk of
major bleeding, high cost, and the inconvenience
of daily injections.4,5 The Khorana score (range,
0 to 6, with higher scores indicating a higher
risk of venous thromboembolism) has been validated to identify patients with an elevated risk of
venous thromboembolism and may help select
those who could benefit from prophylaxis.6-9 (For
details on the Khorana score, see Table S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org.) Patients who
have a solid tumor and a Khorana score of 2 or
higher have an estimated risk of symptomatic
thrombosis of 9.6% during the first 6 months of
chemotherapy.7
The use of direct oral anticoagulants as thromboprophylactic agents in patients with cancer can
offer important advantages over parenteral agents,
including route of administration, convenience,
and cost. A previous small, phase 2 trial involving 125 patients suggested that the oral factor Xa
inhibitor apixaban may be safe and effective.10 We
conducted the Apixaban for the Prevention of
Venous Thromboembolism in High-Risk Ambulatory Cancer Patients (AVERT) trial to assess the
efficacy of apixaban thromboprophylaxis in ambulatory patients with cancer at intermediate-tohigh risk for venous thromboembolism (Khorana
score, ≥2).
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Data were collected at the sites and entered in
an online database managed by the Methods Centre of the Ottawa Hospital Research Institute. A
central adjudication committee whose members
were unaware of the treatment assignments reviewed all suspected outcome events. An independent data and safety monitoring board periodically reviewed trial outcomes. The investigators
performed the statistical analyses and wrote the
manuscript independent of the funders (Canadian Institutes of Health Research and BristolMyers Squibb–Pfizer Alliance), which played no
role in the design or conduct of the trial, the collection or analysis of the data, or the reviewing
or editing of the manuscript. The authors vouch
for the completeness and accuracy of the data and
for the adherence of the trial to the protocol.
Trial Population

Patients who had a newly diagnosed cancer or
progression of known cancer after complete or
partial remission and who were initiating a new
course of chemotherapy with a minimum treatment intent of 3 months were potentially eligible.
Inclusion required a Khorana score of 2 or higher,
an age of 18 years or older, and the capacity to
provide written informed consent. Patients were
excluded if they had conditions putting them at
increased risk for clinically significant bleeding;
hepatic disease associated with coagulopathy; a
cancer diagnosis consisting solely of basal-cell or
squamous-cell skin carcinoma, acute leukemia,
or myeloproliferative neoplasm; a planned stemcell transplantation; a life expectancy of less than
6 months; renal insufficiency with a glomerular
filtration rate of less than 30 ml per minute per
1.73 m2 of body-surface area; or a platelet count
of less than 50,000 per cubic millimeter. Other
exclusion criteria included the use of medications
contraindicated with apixaban, pregnancy
Me thods
or potential pregnancy, breast-feeding, the use
Trial Design and Oversight
of continuous anticoagulation, and a weight of
The AVERT trial was a randomized, placebo- less than 40 kg.
controlled, double-blind clinical trial comparing
apixaban (2.5 mg twice daily) with placebo. The Randomization and Trial Intervention
members of the steering committee (see the Sup- Eligible patients underwent randomization by
plementary Appendix) had final responsibility for means of a centralized, Web-based randomization
the trial design, clinical protocol, and trial over- system to receive apixaban or placebo in a 1:1
sight. The institutional review board at each of ratio. Randomization was stratified according to
the 13 participating sites approved the protocol, age, sex, and participating center and occurred up
which has been published previously11 and is avail- to 5 days before the administration of the first
able at NEJM.org.
chemotherapy. The experimental group received
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apixaban at a dose of 2.5 mg twice daily, and the
control group received identical placebo tablets
twice daily; the treatment period was 180 days.
The first dose of apixaban or placebo was administered within 24 hours after the initiation of
chemotherapy. Patients were followed for up to
210 days or death, regardless of the duration of
the treatment period.
Outcomes

The primary efficacy outcome was the first episode of objectively documented major venous
thromboembolism (proximal deep-vein thrombosis or pulmonary embolism) within the first 180
days (with a window of ±3 days) after randomization. Venous thromboembolism was defined as
any symptomatic or incidentally detected proximal
deep-vein thrombosis of the lower or upper limbs,
any nonfatal symptomatic or incidental pulmonary embolism, and pulmonary embolism–related death. Patients who presented with symptoms
of venous thromboembolism during the followup period underwent diagnostic imaging for confirmation of the primary outcome. Routine ultrasonographic testing was not performed.
The main safety outcome was major bleeding,
defined by the International Society on Thrombosis and Hemostasis as overt bleeding that was
associated with a decrease in the hemoglobin level
of 2 g per deciliter or more, led to transfusion of
2 or more units of packed red cells, occurred in
a critical site, or contributed to death.12 The severity of major bleeding episodes was defined as follows: category 1, the episode was not considered to
be a clinical emergency; category 2, the episode
led to some treatment but was not considered to be
a clinical emergency; category 3, the episode was
considered to be a clinical emergency (e.g., hemodynamic instability or intracranial bleeding with
neurologic symptoms); and category 4, the episode
led to death before or almost immediately after
the patient presented to the hospital.13 Other
safety outcomes included clinically relevant nonmajor bleeding (see the Supplementary Appendix) and overall survival during the trial period.
All trial outcomes were adjudicated by an independent adjudication committee whose members were unaware of the treatment assignments.
Death was adjudicated to be caused by pulmonary
embolism, bleeding, cancer, or other cause. Death
was attributed to pulmonary embolism if there
was no other explanation or there was autopsy
n engl j med 380;8

or radiologic confirmation of pulmonary embolism. Adherence to the trial regimen was estimated
with the use of a pill count recorded by patients
in a medication diary and was defined as high if
80% of more of the pills were taken.
Statistical Analysis

The trial hypothesis was that apixaban would be
superior to placebo, resulting in a relative difference of at least 64% in the rate of the primary
outcome (major venous thromboembolism), at a
two-sided alpha level of 0.05 and with a power
of 80%.7,14 We expected the event rate with placebo
to be 10% over a period of 6 months. In considering a normal approximation to the binomial
distribution, we estimated that the inclusion of
574 patients with a Khorana score of 2 or higher
would be sufficient to show this difference.
The primary analysis was performed in the
modified intention-to-treat population, which included all the patients who had undergone randomization and received at least one dose of apixaban or placebo on or before day 180 (±3 days). We
performed a time-to-event analysis on the primary efficacy outcome. The hazard ratio for venous thromboembolism was estimated with the
use of a Cox proportional-hazards model that was
controlled for age, sex, and center. The time to
the first outcome event was estimated by the Kaplan–Meier method. We also performed a timeto-event analysis of the primary efficacy outcome
and the safety outcome occurring while the patient took the active drug or placebo plus 2 days
after their last dose. Secondary analyses included
a competing-risk analysis to account for deaths
from causes other than venous thromboembolism
or bleeding.15,16 We used a multivariate logisticregression model to estimate the odds ratio for
having an episode of venous thromboembolism
associated with the use of apixaban as compared
with placebo, with controls for age, sex, and center. Finally, multiple-imputation analyses on both
venous thromboembolism and major bleeding
outcomes were conducted.

R e sult s
Characteristics of the Patients

From February 2014 through April 2018, a total
of 574 patients underwent randomization at 13
centers in Canada. A total of 563 patients were
included in the primary efficacy and safety analy-
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pendix). The trial regimen was discontinued as
per patients’ wish by 34 patients in the apixaban
group and 41 patients in the placebo group. The
rate of adherence to the trial regimen was high
in both groups, at 83.6% in the apixaban group
and 84.1% in the placebo group.

1809 Patients were assessed for eligibility

1235 Were excluded
728 Did not meet inclusion criteria
507 Declined to participate or were
not eligible

Efficacy and Safety Outcomes
574 Underwent randomization

291 Were assigned to receive apixaban
288 Received apixaban
3 Did not receive apixaban

283 Were assigned to receive placebo
275 Received placebo
8 Did not receive placebo

288 Were included in the analysis
170 Continued the trial regimen
to 180 days
105 Discontinued the trial regimen
13 Were lost to follow-up

275 Were included in the analysis
153 Continued the trial regimen
to 180 days
111 Discontinued the trial regimen
11 Were lost to follow-up

Figure 1. Randomization and Follow-up.
For reasons that patients declined to participate or were not eligible, see
Table S2 in the Supplementary Appendix. For reasons that patients discontinued the trial regimen, see Table S4 in the Supplementary Appendix.

ses (Fig. 1). The baseline characteristics of the
patients were well balanced (Table 1). The mean
age of the patients was 61 years, and the majority
of patients (58.2%) were women. The most common types of primary cancer were gynecologic
(25.8%), lymphoma (25.3%), and pancreatic
(13.6%). A total of 131 patients (22.8%) were using
antiplatelet or nonsteroidal antiinflammatory
therapy. The number of patients with solid tumors who had metastatic disease was 73 in the
apixaban group and 67 in the placebo group. The
breakdown of chemotherapy drugs according to
category at trial enrollment is shown in Table S3
in the Supplementary Appendix.
The median duration of the treatment period
was 157 days (interquartile range, 78 to 168) in
the apixaban group and 155 days (interquartile
range, 83 to 168) in the placebo group. The median duration of follow-up was 183 days in each
group. Reasons for not continuing the trial regimen up to 180 days were balanced between the
two groups (Table S4 in the Supplementary Ap-
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The primary efficacy outcome occurred in 12 of
288 patients (4.2%) in the apixaban group and in
28 of 275 patients (10.2%) in the placebo group
(hazard ratio, 0.41; 95% confidence interval [CI],
0.26 to 0.65; P<0.001) (Table 2 and Fig. 2). The
competing-risk analysis that accounted for deaths
from causes other than venous thromboembolism
or bleeding was consistent with the primary
analysis (hazard ratio, 0.42; 95% CI, 0.27 to 0.65).
The adjusted odds ratio for venous thromboembolism associated with the use of apixaban as
compared with placebo was 0.39 (95% CI, 0.20 to
0.76). During the treatment period, the primary
outcome occurred in 3 of 288 patients (1.0%) in
the apixaban group and in 20 of 275 patients
(7.3%) in the placebo group (hazard ratio, 0.14;
95% CI, 0.05 to 0.42). During the additional 30
days of follow-up after day 180, 1 patient in the
apixaban group had deep-vein thrombosis and 1 in
the placebo group died from pulmonary embolism.
In the modified intention-to-treat analysis,
major bleeding occurred in 10 patients (3.5%) in
the apixaban group and in 5 patients (1.8%) in
the placebo group (hazard ratio, 2.00; 95% CI,
1.01 to 3.95; P = 0.046) (Table 2 and Fig. 3). A total
of 3 of the 15 major bleeding episodes were
considered to be a clinical emergency, and no
bleeding into critical organs was noted. During
the treatment period, major bleeding occurred
in 6 of 288 patients (2.1%) in the apixaban group
and in 3 of 275 patients (1.1%) in the placebo
group (hazard ratio, 1.89; 95% CI, 0.39 to 9.24).
Adverse events were reported in 131 patients in
the apixaban group and 127 patients in the placebo group; only 1 event in the apixaban group and
2 events in the placebo group were classified as
being related to the trial regimen. The multipleimputation analyses for venous thromboembolism
and major bleeding that accounted for patients
lost to follow-up were consistent with the primary analyses.
Death occurred in 35 patients (12.2%) in the
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Apixaban
(N = 291)

Characteristic

Placebo
(N = 283)

Age — yr

61.2±12.4

61.7±11.3

Male sex — no. (%)

121 (41.6)

119 (42.0)

Weight — kg

80.0±22.3

82.6±21.4

Creatinine clearance >50 ml/min — no. (%)

275 (94.5)

265 (93.6)

14 (4.8)

10 (3.5)

Tumor type — no. (%)
Brain
Bladder
Lung

1 (0.3)

4 (1.4)

31 (10.7)

28 (9.9)

Testicular

2 (0.7)

1 (0.4)

Stomach

25 (8.6)

19 (6.7)

Pancreatic

37 (12.7)

41 (14.5)

Lymphoma

76 (26.1)

69 (24.4)

Myeloma
Gynecologic
Colon
Prostate

7 (2.4)

8 (2.8)

74 (25.4)

74 (26.1)

3 (1.0)

8 (2.8)

0

1 (0.4)

21 (7.2)

20 (7.1)

2

186 (63.9)

190 (67.1)

3

78 (26.8)

68 (24.0)

4

26 (8.9)

24 (8.5)

5

1 (0.3)

1 (0.4)

6

0

0

Prechemotherapy leukocyte count >11,000/mm3

83 (28.5)

102 (36.0)

Hemoglobin <10 g/dl or use of red-cell growth factors

66 (22.7)

50 (17.7)

119 (40.9)

126 (44.5)

72 (24.7)

67 (23.7)

67 (23.0)

64 (22.6)

0 or 1

186/218 (85.3)

188/217 (86.6)

≥2

32/218 (14.7)

29/217 (13.4)

9 (3.1)

8 (2.8)

Other
Khorana score — no. (%)†

Components of the Khorana score besides tumor type — no. (%)

3

Prechemotherapy platelet count ≥350,000/mm
Body-mass index ≥35‡
Concomitant antiplatelet medication — no. (%)§

ECOG performance-status score — no./total no. (%)¶

Previous venous thromboembolism — no. (%)

*	Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. None of the differences between the two groups were considered to be statistically significant at an alpha level of 0.05.
†	Khorana scores range from 0 to 6, with higher scores indicating a higher risk of venous thromboembolism among patients with cancer. For details, see Table S1 in the Supplementary Appendix. Inclusion in the trial required a Khorana
score of 2 or higher.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ 	Antiplatelet medications could include nonsteroidal antiinflammatory drugs.
¶	Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 4, with higher scores indicating greater disability.
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Table 2. Efficacy and Safety Clinical Outcomes.
Outcome
Venous thromboembolism — no. (%)

Apixaban
(N = 288)

Placebo
(N = 275)

Hazard Ratio
(95% CI)*

P Value

0.41 (0.26–0.65)

<0.001

2.00 (1.01–3.95)

0.046

12 (4.2)

28 (10.2)

Deep-vein thrombosis — no. (%)

7 (2.4)

12 (4.4)

Pulmonary embolism — no. (%)†

5 (1.7)

16 (5.8)‡

Incidental pulmonary embolism — no./total no.

3/5

6/16

10 (3.5)

5 (1.8)

Major bleeding episode
Any episode — no. (%)
Severity of episode — no./total no. (%)§
Category 1

1/10 (10)

0

Category 2

8/10 (80)

3/5 (60)

Category 3

1/10 (10)

2/5 (40)

Category 4

0

0

21 (7.3)

15 (5.5)

1.28 (0.89–1.84)

Venous thromboembolism

3 (1.0)

20 (7.3)

0.14 (0.05–0.42)

Major bleeding episode

6 (2.1)

3 (1.1)

1.89 (0.39–9.24)

35 (12.2)

27 (9.8)

1.29 (0.98–1.71)

Clinically relevant nonmajor bleeding — no. (%)¶
Outcome occurred during the treatment period — no. (%)

Death from any cause — no. (%)

*	Confidence intervals were not adjusted for multiple comparisons.
†	This includes patients who also had deep-vein thrombosis.
‡	One patient died 6 days after receiving a diagnosis of pulmonary embolism.
§	The severity of major bleeding episodes was defined as follows: category 1, the episode was not considered to be a clinical emergency; category 2, the episode led to some treatment but was not considered to be a clinical emergency; category 3, the episode was considered to be
a clinical emergency (e.g., hemodynamic instability or intracranial bleeding with neurologic symptoms); and category 4, the episode led to
death before or almost immediately after the patient presented to the hospital.13
¶	Clinically relevant nonmajor bleeding was defined as overt bleeding that did not meet the criteria for major bleeding but was associated with
the use of medical intervention, contact with a physician, interruption of the assigned trial regimen, discomfort, or impairment of activities
of daily living.

apixaban group and 27 patients (9.8%) in the placebo group (Table 2). Of the 62 deaths, 54 (87%)
were related to cancer or cancer progression. All
causes of death according to trial group are reported in Table S5 in the Supplementary Appendix.

Discussion
The AVERT trial showed that thromboprophylaxis
with apixaban resulted in a significantly lower
rate of venous thromboembolic complications
than placebo among ambulatory patients with
cancer who were starting chemotherapy and had
a Khorana score of 2 or higher. Venous thromboembolism in patients with cancer who are receiving chemotherapy has a substantial effect on care,
including an increase in health care expenditure
and a negative effect on quality of life.17,18 Furthermore, the treatment of venous thromboembolism with therapeutic anticoagulation is chal716
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lenging in patients with cancer because it often
involves daily injections of low-molecular-weight
heparin and is associated with a high risk of
thrombosis recurrence and serious bleeding complications. Coexisting conditions that are common in this context, such as thrombocytopenia
and renal impairment, as well as the use of concomitant antiplatelet therapy (in 22.8% of our
patients), further increase the risk of bleeding
among patients with cancer.19 Therefore, prevention of venous thromboembolic complications is
important and clinically relevant.
In our trial, the absolute between-group difference in the rate of venous thromboembolism
was 6.0 percentage points (number needed to treat,
17) and was driven predominantly by a lower rate
of pulmonary embolism in the apixaban group
than in the placebo group (Table 2). The 10.2%
rate of symptomatic or incidentally detected venous
thromboembolism at 6 months in the placebo
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Patients Alive without Venous
Thromboembolism (%)

100
100

80

95
60

Apixaban

90
Placebo
85

40

80
20
0

0

0

0

30

30
60

60

90

90

120

150

180

120

150

180

249
237

244
228

229
215

Days
No. at Risk
Apixaban
Placebo

288
275

276
268

265
259

256
244

Figure 2. Kaplan–Meier Cumulative Event Rates of Venous Thromboembolism.
The inset shows the same data on an enlarged y axis.

100

Patients Alive without Major
Bleeding (%)

group is consistent with rates reported in previous
studies involving patients with cancer with a Khorana score of 2 or higher.7 Our analysis of outcomes during the treatment period showed a more
favorable benefit (hazard ratio, 0.14; 95% CI,
0.05 to 0.42) than previous studies that assessed
parenteral thromboprophylaxis.20,21 The reasons
for this discrepancy are unclear, but the use of a
different agent and a twice-daily dosing regimen
may account for some of the difference.
The rate of major bleeding was significantly
higher with apixaban than with placebo in the
modified intention-to-treat analysis (3.5% and
1.8%, respectively; hazard ratio, 2.00; 95% CI,
1.01 to 3.95; number needed to harm, 59), but
the rate was not significantly higher with apixaban than with placebo in the analysis of outcomes
during the treatment period (2.1% and 1.1%, respectively; hazard ratio, 1.89; 95% CI, 0.39 to
9.24; number needed to harm, 100). The betweengroup difference in the rate of major bleeding
complications was mainly due to higher rates of
gastrointestinal bleeding, hematuria, and gynecologic bleeding with apixaban than with placebo.
This finding is consistent with the results of previous studies of direct oral anticoagulants involving patients with active cancer.22,23 We found that
major bleeding occurred mainly in patients who
had entered the trial with gastrointestinal or gynecologic cancer. However, severe (category 3 or
4) major bleeding episodes (Table 2) were only
20% of all major bleeding episodes, and the rate
of these severe episodes was similar in the apixaban group and the placebo group. There were no
cases of fatal bleeding or bleeding into critical
organs.12 Similarly, the 7.3% rate of clinically relevant nonmajor bleeding at 6 months in the apixaban group is lower than previously reported rates
among patients with cancer with a Khorana score
of 3 or higher who received thromboprophylaxis
over a 3-month period.9
Our trial also showed no significant betweengroup difference in overall survival. This probably
reflects the fact that many of our patients had
advanced cancer, which was the most common
cause of death. Although prevention of venous
thromboembolism would ideally reduce overall
mortality, a different trial design and a much
larger sample would be required to address this
question.
As with all trials of thromboprophylaxis involving patients with cancer, between-trial com-

Placebo

100

80

95
60

Apixaban

90
85

40

80
20
0

0

0

30

0

30
60

60
90

90

120

150

180

120

150

180

249
249

246
245

233
229

Days
No. at Risk
Apixaban
Placebo

288
275

275
269

266
262

258
253

Figure 3. Kaplan–Meier Cumulative Event Rates of Major Bleeding.
The inset shows the same data on an enlarged y axis.

parisons can be biased owing to differences in
tumor types in patients enrolled in the trial. We
had a high proportion of patients with gynecologic, lymphoma, or pancreatic tumors and very
few patients with colorectal or prostate cancers.
However, this is expected, because these latter
tumors are not recognized as posing a high risk
of venous thromboembolism according to the
Khorana score. Each participating center in
Canada provides comprehensive cancer care in
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their respective region, and patients with all tumor types were assessed for eligibility and enrollment, so we believe that our results are generalizable to a broad spectrum of patients with
cancer who received different types of cancer
treatment. However, owing to the sample size,
we have limited ability to make definitive conclusions about outcomes associated with individual
tumor types or individual chemotherapy regimens.
Finally, only 5.9% of patients had renal dysfunction
as defined by a creatinine clearance of 50 ml or
less per minute, so our results may less applicable to patients with renal dysfunction, who are
known to have a higher risk of bleeding than
patients with normal renal function.
In conclusion, apixaban at a dose of 2.5 mg
twice daily resulted in a significantly lower risk
of venous thromboembolism than did placebo
among ambulatory patients with cancer who were
initiating chemotherapy and had an intermediateto-high risk of venous thromboembolism.
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