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BACKGROUND
Recent guidelines recommend consideration of the use of oral edoxaban or riva-
roxaban for the treatment of venous thromboembolism in patients with cancer. 
However, the benefit of these oral agents is limited by the increased risk of bleeding 
associated with their use.

METHODS
This was a multinational, randomized, investigator-initiated, open-label, noninfe-
riority trial with blinded central outcome adjudication. We randomly assigned con-
secutive patients with cancer who had symptomatic or incidental acute proximal 
deep-vein thrombosis or pulmonary embolism to receive oral apixaban (at a dose 
of 10 mg twice daily for the first 7 days, followed by 5 mg twice daily) or subcutane-
ous dalteparin (at a dose of 200 IU per kilogram of body weight once daily for the 
first month, followed by 150 IU per kilogram once daily). The treatments were ad-
ministered for 6 months. The primary outcome was objectively confirmed recurrent 
venous thromboembolism during the trial period. The principal safety outcome was 
major bleeding.

RESULTS
Recurrent venous thromboembolism occurred in 32 of 576 patients (5.6%) in the 
apixaban group and in 46 of 579 patients (7.9%) in the dalteparin group (hazard 
ratio, 0.63; 95% confidence interval [CI], 0.37 to 1.07; P<0.001 for noninferiority). 
Major bleeding occurred in 22 patients (3.8%) in the apixaban group and in 23 patients 
(4.0%) in the dalteparin group (hazard ratio, 0.82; 95% CI, 0.40 to 1.69; P = 0.60).

CONCLUSIONS
Oral apixaban was noninferior to subcutaneous dalteparin for the treatment of cancer-
associated venous thromboembolism without an increased risk of major bleeding. 
(Funded by the Bristol-Myers Squibb–Pfizer Alliance; Caravaggio ClinicalTrials.gov 
number, NCT03045406.)

A BS TR AC T

Apixaban for the Treatment of Venous 
Thromboembolism Associated with Cancer

Giancarlo Agnelli, M.D., Cecilia Becattini, M.D., Guy Meyer, M.D., 
Andres Muñoz, M.D., Menno V. Huisman, M.D., Jean M. Connors, M.D., 

Alexander Cohen, M.D., Rupert Bauersachs, M.D., Benjamin Brenner, M.D., 
Adam Torbicki, M.D., Maria R. Sueiro, M.D., Catherine Lambert, M.D., 

Gualberto Gussoni, M.D., Mauro Campanini, M.D., Andrea Fontanella, M.D., 
Giorgio Vescovo, M.D., and Melina Verso, M.D., for the Caravaggio Investigators*​​

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at The University Of Illinois at Chicago on April 6, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿2

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Venous thromboembolism is a com-
mon cause of death and complications in 
patients with cancer.1 The high risk of re-

current thromboembolism and bleeding in pa-
tients with cancer2 makes anticoagulant treatment 
challenging, so specific studies involving these 
patients are necessary.

Major guidelines recommend the use of low-
molecular-weight heparin for the treatment of 
cancer-associated venous thromboembolism and 
have recently added the use of edoxaban or riva-
roxaban.3-7 However, the clinical benefit of these 
oral agents is limited by a higher risk of bleed-
ing than with low-molecular-weight heparin, 
mainly occurring at gastrointestinal sites.8,9 The 
oral factor Xa inhibitor apixaban has shown fa-
vorable efficacy and safety in the general popu-
lation with venous thromboembolism.10

In the Caravaggio trial, we wanted to assess 
whether oral apixaban would be noninferior to 
subcutaneous dalteparin, a low-molecular-weight 
heparin, for the prevention of recurrent venous 
thromboembolism in patients with cancer with-
out increasing the risk of major bleeding.

Me thods

Trial Design and Oversight

This trial was a multinational, randomized, con-
trolled, investigator-initiated, open-label, nonin-
feriority trial with blinded adjudication of the 
outcomes. The rationale and design of this trial 
have been published previously11 and are discussed 
in the protocol, which is available with the full 
text of this article at NEJM.org.

The trial was sponsored by FADOI (Federazione 
delle Associazioni dei Dirigenti Ospedalieri Inter-
nisti) and was funded by an unrestricted grant 
from the Bristol-Myers Squibb–Pfizer Alliance. The 
trial was coordinated by the Clinical Research Unit 
of the University of Perugia, the Research Center 
of the FADOI Foundation, and the steering com-
mittee. The members of the steering committee 
were responsible for the design and oversight of 
the trial, development of the protocol, analysis of 
the data, writing of the manuscript, and the deci-
sion to submit the manuscript for publication.

The data were collected and maintained by 
the Exom Group and analyzed by SPARC Consult-
ing under the supervision of the steering commit-
tee. A central adjudication committee whose mem-
bers were unaware of the treatment assignments 

reviewed all suspected outcome events and causes 
of deaths. An independent data and safety moni-
toring board periodically reviewed trial outcomes. 
The composition of the trial committees is re-
ported in the Supplementary Appendix, available 
at NEJM.org.

The Bristol-Myers Squibb–Pfizer Alliance 
played no role in the design or conduct of the 
trial, the collection or analysis of the data, or the 
review 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 pro-
tocol. No one who is not an author contributed to 
the writing of the manuscript.

The trial was performed in accordance with 
the provisions of the Declaration of Helsinki and 
local regulations. The protocol and its amend-
ments were approved by the institutional review 
board or ethics committee at each trial center. All 
the patients provided written informed consent.

Patients

Consecutive adults with cancer who had a newly 
diagnosed symptomatic or incidental proximal 
lower-limb deep-vein thrombosis or pulmonary 
embolism were eligible to participate in the trial.11 
Deep-vein thrombosis was defined as proximal 
if it was located in the popliteal or a more proxi-
mal vein. Incidental deep-vein thrombosis or pul-
monary embolism were events detected on imag-
ing tests performed for reasons other than clinical 
suspicion of venous thromboembolism. Inciden-
tal pulmonary embolism was defined as involving 
a segmental or more proximal pulmonary artery. 
The criteria for the diagnosis of deep-vein throm-
bosis and pulmonary embolism are listed in the 
Supplementary Appendix.

Patients with confirmed cancer other than 
basal-cell or squamous-cell carcinoma of the skin, 
primary brain tumor, known intracerebral metas-
tases, or acute leukemia were eligible to partici-
pate in the trial. Active cancer was defined as 
cancer that had been diagnosed within the past 
6 months, cancer for which anticancer treatment 
was being given at the time of enrollment or dur-
ing 6 months before randomization, or recurrent 
locally advanced or metastatic cancer. Patients 
with a history of cancer (as compared with active 
cancer) included those in whom a diagnosis had 
been made within 2 years before enrollment. Ex-
clusion criteria — which included patients’ clinical 
characteristics, issues related to anticoagulant 
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treatment, bleeding risk, and standard issues from 
clinical trials of anticoagulant agents — are listed 
in the Supplementary Appendix.

Randomization and Trial Intervention

Eligible patients were randomly assigned in a 1:1 
ratio to receive monotherapy with either apixaban 
or dalteparin for 6 months. Randomization was 
centrally performed through an interactive online 
system and stratified according to the type of 
venous thromboembolism (symptomatic or inci-
dental) and timing of the cancer diagnosis (ac-
tive or historical). The maximum proportion of 
patients with incidental venous thromboembo-
lism or a history of cancer was set at 20% of the 
overall trial population for each of the strata. 
Therapeutic doses of low-molecular-weight hep-
arin, fondaparinux, or unfractionated heparin 
were allowed for a maximum of 72 hours before 
randomization.

Apixaban was given orally at a dose of 10 mg 
twice daily for the first 7 days and 5 mg twice 
daily thereafter. Dalteparin was given subcuta-
neously at a dose of 200 IU per kilogram of body 
weight once daily for the first month, after which 
the dose was reduced to 150 IU per kilogram 
daily. The maximum daily dose allowed for dalte-
parin was 18,000 IU. Apixaban was supplied by 
Bristol-Myers Squibb and dalteparin by Pfizer. 
Trial drugs could be temporarily withheld in case 
of a platelet count lower than 50,000 per cubic 
millimeter or any condition associated with an 
increased risk of bleeding, including surgery, in-
vasive procedures, or deterioration of renal func-
tion. During the trial, the protocol was amended 
to allow adjustments of the dose of dalteparin on 
the basis of the platelet count according to the 
country-specific labeling of the drug.

Outcome Measures

The primary outcome was objectively confirmed 
recurrent venous thromboembolism, which in-
cluded proximal deep-vein thrombosis of the lower 
limbs (symptomatic or incidental), symptomatic 
deep-vein thrombosis of the upper limbs, and 
pulmonary embolism (symptomatic, incidental, 
or fatal) occurring during the 6-month trial peri-
od. The criteria for the diagnosis of recurrent 
venous thromboembolism and a list of the sec-
ondary efficacy outcomes are provided in the 
Supplementary Appendix.

The principal safety outcome was major bleed-

ing, which was defined as acute clinically overt 
bleeding associated with one or more of the fol-
lowing: a decrease in the hemoglobin level of at 
least 2 g per deciliter, a transfusion of 2 or more 
units of red cells, bleeding occurring at a critical 
site (intracranial, intraspinal, intraocular, pericar-
dial, intraarticular, intramuscular with compart-
ment syndrome, or retroperitoneal), bleeding re-
sulting in surgical intervention, or fatal bleeding, 
all occurring during the trial-drug period through 
72 hours after the last dose was administered. A 
list of the secondary safety outcomes is provided 
in the Supplementary Appendix.

The central adjudication committee determined 
whether death was from cancer, pulmonary em-
bolism, bleeding, cardiovascular events, or other 
causes. Pulmonary embolism was adjudicated as 
the cause of death on the basis of objective diag-
nostic testing performed before death, during 
autopsy, or when pulmonary embolism was the 
most probable cause of death.

Surveillance and Follow-up

Trial visits were scheduled at enrollment and at 
4 weeks, 3 months, 6 months, and 7 months 
after randomization. Additional visits were 
scheduled if new symptoms or signs of venous 
thromboembolism or bleeding occurred or if the 
investigator determined that such an evaluation 
was needed. Clinical examination, laboratory test-
ing, and diagnostic imaging were performed if 
the patient had symptoms or signs suggestive of 
recurrent venous thromboembolism or bleeding.

Statistical Analysis

The hypothesis of the trial was that apixaban 
would be noninferior to dalteparin for the pri-
mary outcome (recurrent venous thromboembo-
lism) with a prespecified noninferiority margin 
of 2.00 for the upper limit of the two-sided 95% 
confidence interval of the hazard ratio. We de-
termined that the enrollment of 934 patients would 
provide a power of 80% to show the noninferior-
ity of apixaban at a one-sided alpha level of 0.025, 
assuming an estimated 6-month incidence of the 
primary efficacy outcome of 7% with dalteparin. 
The sample size was increased to 1168 patients 
to account for up to 20% loss in total patient-
years.11 No formal interim analysis was planned.

The primary efficacy data set (modified inten-
tion-to-treat population) and safety data set con-
sisted of all the patients who had undergone ran-
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domization and received at least one dose of a 
trial drug. The secondary efficacy data set con-
sisted of all the patients who had undergone ran-
domization (intention-to-treat population) along 
with the per-protocol population; the latter con-
sisted of all the patients in the intention-to-treat 
population who completed the trial in full com-
pliance with the protocol and without any major 
deviation. No adjustment for multiple comparisons 
was performed for analyses of secondary efficacy 
outcomes and subgroup comparisons.

We used a Cox proportional-hazards model 
that included treatment group and stratification 
factors as covariates to analyze the time until the 
first event of the primary outcome during the 
6-month trial period. Proportional-hazards as-
sumptions were tested with the use of a general-
ized Wald test for a joint hypothesis on all inter-
action terms specified in the statistical models. 
The evaluation of the primary outcome was done 
by considering the time from randomization until 
the first recurrent event of venous thromboembo-
lism (primary trial outcome) or until the occur-
rence of death unrelated to venous thromboem-
bolism (competing event); the time until the last 
follow-up visit was used if neither a recurrent 

venous thromboembolism or a competing event 
occurred within the 6-month follow-up (censored 
time). We used the Fine and Gray regression 
model to compute the hazard ratio and two-sided 
95% confidence intervals for the comparison be-
tween apixaban and dalteparin after adjustment 
for the competing risk of death unrelated to ve-
nous thromboembolism.12 We tested the superi-
ority of apixaban over dalteparin as a secondary 
analysis of the primary outcome only if noninfe-
riority was shown. Reported 95% confidence in-
tervals were not adjusted for multiple comparisons 
and therefore cannot be used to infer effects.

We compared the incidence of major bleeding 
(the principal safety outcome) and clinically rel-
evant nonmajor bleeding in patients treated with 
apixaban or dalteparin in the safety data set. All 
data were analyzed with the use of SAS software, 
version 9.4 (SAS Institute).

R esult s

Patients and Treatments

From April 2017 through June 2019, a total of 1170 
patients underwent randomization at 119 centers 
in nine European countries, Israel, and the United 

Figure 1. Enrollment and Outcomes.

The modified intention-to-treat population and the safety population both included all the patients who had undergone 
randomization and received at least one dose of apixaban or dalteparin. VTE denotes venous thromboembolism. Of 
the 137 deaths in the apixaban group, 2 occurred after the data cutoff for the secondary outcome analysis at 210 days.

1170 Patients underwent randomization

585 Were assigned to receive apixaban 585 Were assigned to receive dalteparin

6 Did not receive the assigned
treatment

9 Did not receive the assigned
treatment

576 Were included in the modified intention-
to-treat and safety populations

2 Had a preliminary diagnosis of index VTE
that was not confirmed

1 Had a preliminary diagnosis of cancer
that was not confirmed

177 Did not complete the overall trial
period

137 Died
12 Were lost to follow-up
28 Had other reason

579 Were included in the modified intention-
to-treat and safety populations

2 Had a preliminary diagnosis of index VTE
that was not confirmed

1 Had a preliminary diagnosis of cancer
that was not confirmed

197 Did not complete the overall trial
period

149 Died
8 Were lost to follow-up

40 Had other reason
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States; 1155 patients were included in the modi-
fied intention-to-treat analysis (Fig. 1). The demo-
graphic and clinical characteristics of the patients 
were similar in the two treatment groups (Ta-
ble 1). The types of cancer and the categories of 
anticancer drugs that were either continued or 
started after randomization are reported in Ta-
bles S1, S2, and S3 in the Supplementary Appendix. 
The median duration of the assigned treatment 
was 178 days (interquartile range, 106 to 183) in 
the apixaban group and 175 days (interquartile 
range, 79 to 183) in the dalteparin group (P = 0.15); 
reasons for the discontinuation of a trial drug 
are provided in Table S4. Before permanent dis-

continuation of a trial drug, 41 patients in the 
apixaban group and 51 patients in the dalteparin 
group had received less than 80% of the pre-
scribed treatment.

Primary Efficacy and Safety Outcomes

The primary outcome of recurrent venous throm-
boembolism occurred in 32 of 576 patients (5.6%) 
in the apixaban group and in 46 of 579 patients 
(7.9%) in the dalteparin group (hazard ratio, 0.63; 
95% confidence interval [CI], 0.37 to 1.07; P<0.001 
for noninferiority; P = 0.09 for superiority) (Ta-
ble 2). Major bleeding occurred in 22 patients 
(3.8%) in the apixaban group and in 23 patients 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Apixaban 
(N = 576)

Dalteparin 
(N = 579)

Age — yr 67.2±11.3 67.2±10.9

Male sex — no. (%) 292 (50.7) 276 (47.7)

Weight — kg 75.7±16.1 76.1±16.7

Platelet count <100,000 per mm3 — no. (%) 21 (3.6) 22 (3.8)

Creatinine clearance ≤50 ml per min — no. (%) 51 (8.9) 61 (10.5)

Qualifying diagnosis of venous thromboembolism — no. (%)

Pulmonary embolism with or without deep-vein thrombosis 304 (52.8) 334 (57.7)

Deep-vein thrombosis only 272 (47.2) 245 (42.3)

Symptomatic deep-vein thrombosis or pulmonary embolism 460 (79.9) 465 (80.3)

Incidental deep-vein thrombosis or pulmonary embolism† 116 (20.1) 114 (19.7)

History of venous thromboembolism before index event — no. (%) 45 (7.8) 61 (10.5)

Type of cancer — no. (%)

Active 559 (97.0) 565 (97.6)

Recurrent locally advanced or metastatic 389 (67.5) 396 (68.4)

Cancer treatment — no. (%)‡

At enrollment 350 (60.8) 367 (63.4)

Within previous 6 mo 143 (24.8) 129 (22.3)

During trial period 344 (59.7) 346 (59.8)

ECOG performance-status score — no. (%)§

0 186 (32.3) 170 (29.4)

1 281 (48.8) 277 (47.8)

2 109 (18.9) 132 (22.8)

*	�Plus–minus values are means ±SD.
†	�Incidental venous thromboembolism (deep-vein thrombosis or pulmonary embolism) was defined as thromboembo-

lism that was detected by means of imaging tests performed for reasons other than clinical suspicion of venous throm-
boembolism.

‡	�Cancer treatments include anticancer drug therapy (cytotoxic, hormonal, targeted, or immunomodulatory), radiothera-
py, surgery, or a combination of these therapies.

§	� Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 4, with higher values indicat-
ing greater disability.
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(4.0%) in the dalteparin group (hazard ratio, 0.82; 
95% CI, 0.40 to 1.69; P = 0.60) (Table 2). Major 
gastrointestinal bleeding occurred in 11 patients 
(1.9%) in the apixaban group and in 10 patients 
(1.7%) in the dalteparin group; major non-gastro-
intestinal bleeding occurred in 11 patients (1.9%) 
and 13 patients (2.2%), respectively. There were 
no fatal bleeding episodes in the apixaban group 
and 2 in the dalteparin group. The types of major 
bleeding in the two groups are reported in Table 
S5. The times until recurrent venous thrombo-
embolism and major bleeding according to treat-
ment group during the overall trial period are 
provided in Figure 2.

Secondary Outcomes

The combined cumulative incidence of recurrent 
venous thromboembolism or major bleeding was 
8.9% in the apixaban group and 11.4% in the 

dalteparin group (hazard ratio, 0.70; 95% CI, 0.45 
to 1.07) (Table 2). Clinically relevant nonmajor 
bleeding occurred in 52 patients (9.0%) with apixa-
ban and in 35 patients (6.0%) with dalteparin 
(hazard ratio, 1.42; 95% CI, 0.88 to 2.30); major 
or clinically relevant nonmajor bleeding occurred 
in 70 patients (12.2%) and in 56 patients (9.7%), 
respectively (hazard ratio, 1.16; 95% CI, 0.77 to 
1.75). The sites of clinically relevant nonmajor 
bleeding in the two groups are provided in Table 
S5.2. Sensitivity analyses for the per-protocol popu-
lation are shown in Tables S6 and S7.

Death from any cause by day 210 occurred in 
135 patients (23.4%) in the apixaban group and 
in 153 patients (26.4%) in the dalteparin group 
(Table S8). Most deaths were related to cancer 
(85.2% in the apixaban group and 88.2% in the 
dalteparin group); 4 deaths related to venous 
thromboembolism and 2 deaths related to bleed-

Table 2. Clinical Outcomes during the Trial Period.*

Outcome
Apixaban 
(N = 576)

Dalteparin 
(N = 579)

Hazard Ratio 
(95% CI) P Value

Primary efficacy outcome — no. (%)†

Recurrent venous thromboembolism‡ 32 (5.6) 46 (7.9) 0.63 (0.37–1.07) <0.001 for nonin-
feriority; 0.09 for 

superiority

Recurrent deep-vein thrombosis 13 (2.3) 15 (2.6) 0.87 (0.34–2.21)

Recurrent pulmonary embolism 19 (3.3) 32 (5.5) 0.54 (0.29–1.03)

Fatal pulmonary embolism§ 4 (0.7) 3 (0.5) 1.93 (0.40–9.41)

Primary safety outcome — no. (%)

Major bleeding¶ 22 (3.8) 23 (4.0) 0.82 (0.40–1.69) 0.60

Major gastrointestinal bleeding 11 (1.9) 10 (1.7) 1.05 (0.44–2.50)

Major nongastrointestinal bleeding 11 (1.9) 13 (2.2) 0.68 (0.21–2.20)

Secondary outcomes — no. (%)

Recurrent venous thromboembolism or major bleeding 51 (8.9) 66 (11.4) 0.70 (0.45–1.07)

Clinically relevant nonmajor bleeding 52 (9.0) 35 (6.0) 1.42 (0.88–2.30)

Major or clinically relevant nonmajor bleeding‖ 70 (12.2) 56 (9.7) 1.16 (0.77–1.75)

Death from any cause** 135 (23.4) 153 (26.4) 0.82  (0.62–1.09)

Event-free survival†† 422 (73.3) 397 (68.6) 1.36 (1.05–1.76)

*	� The overall trial period for the primary efficacy outcome was the time from randomization through 6 months.
†	� The primary efficacy outcome (objectively confirmed recurrent venous thromboembolism) during the 6-month trial period was also the 

primary outcome.
‡	� Two of the recurrences of venous thromboembolism in the apixaban group were upper-extremity deep-vein thrombosis.
§	� A total of 3 patients in the apixaban group and 3 patients in the dalteparin group died from unexplained causes for which pulmonary em-

bolism could not be ruled out.
¶	� One patient in the apixaban group had an event that was categorized as major bleeding since it resulted in a surgical intervention.
‖	� In patients who had more than one event, only the first event was counted.
**	� Death was assessed up to 210 days after randomization.
††	� Event-free survival was defined as the absence of recurrent venous thromboembolism, major bleeding, or death.
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ing occurred in each treatment group. The 2 deaths 
from bleeding in the apixaban group occurred 
more than 3 days after the discontinuation of the 
trial drug. Data on event-free survival are shown 
in Figure S1.

Subgroup Analyses

Subgroup analyses for recurrent venous thrombo-
embolism and major bleeding are shown in Fig-
ures S2 and S3. A significant interaction was noted 
between age subgroups and treatment for recur-
rent venous thromboembolism. Adverse events 
reported in the trial are shown in Tables S9, S10, 
and S11. The most common adverse event was 
progression of cancer.

Discussion

In the Caravaggio trial, we found that oral 
apixaban was noninferior to subcutaneous dalte-
parin for the treatment of recurrent venous 
thromboembolism in patients with cancer. The 
efficacy of apixaban was consistent with and 
contributes to evidence of the efficacy of direct 
oral anticoagulants in the treatment of venous 
thromboembolism in such patients.8,9 The fre-
quencies of major bleeding were similar with 
apixaban and dalteparin, including major gastro-
intestinal bleeding. These findings with respect 
to bleeding are in contrast to the results of previ-
ous studies, which showed a higher incidence of 
bleeding with other direct oral anticoagulants 
than with dalteparin in a similar population.8,9,13 
Episodes of nonmajor bleeding were numerically 
higher in the apixaban group, a finding that has 
been observed in previous studies of other direct 
oral anticoagulants.8,9 Bleeding episodes in the 
genitourinary system and upper airways were the 
primary reasons for the increased incidence of 
nonmajor clinically relevant bleeding in the apixa-
ban group.

Our trial included patients with predominantly 
advanced active cancer and acute symptomatic 
venous thromboembolism. Patients with a large 
variety of cancer types, including approximately 
one third that occurred at gastrointestinal sites, 
were included in the trial, which was consistent 
with the cancer distribution in the general popu-
lation. Cancers associated with high thrombo-
embolic risk, such as lung and colorectal cancers, 
were well represented.14 No anticancer therapy 
was excluded, which led to the inclusion of pa-

tients receiving a broad array of cytotoxic and 
biologic therapies. The frequencies of recurrent 
venous thromboembolism and major bleeding at 
6 months in patients receiving dalteparin were 
consistent with the results of previous studies.8,9 
In our trial, the prevalence of active cancer, the 
extent of disease, and the use of anticancer treat-

Figure 2. Recurrent Venous Thromboembolism and Major Bleeding.

Shown are cumulative percentages of patients with recurrent venous 
thromboembolism (Panel A) and major bleeding (Panel B) who received  
either oral apixaban or subcutaneous dalteparin. The insets show the same 
data on an expanded y axis.
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ments were similar to those among the patients 
enrolled in most trials.8,9,15,16

Episodes of recurrent venous thromboembo-
lism were numerically lower in patients in the 
apixaban group than in the dalteparin group 
because of the lower incidence of recurrent pul-
monary embolism. As has been observed in other 
studies,8,9 the time-to-event curves appeared to 
diverge in our trial at about 30 days, when the 
dose of dalteparin was reduced. It is uncertain 
whether this divergence suggests that continuing 
with the initial dose of dalteparin might have 
improved the efficacy of this agent, a possible 
benefit that must be balanced with the potential 
increase in bleeding.

Our trial investigated the efficacy and safety 
of apixaban during the initial 6-month treatment 
of venous thromboembolism in patients with can-
cer. Additional studies are required to assess the 
clinical benefit of a more extended treatment 
duration for venous thromboembolism in these 
patients. In patients younger than 65 years of 
age, apixaban was seen to be more effective than 
dalteparin at preventing recurrent venous throm-
boembolism. The apparent decrease in efficacy 
with increasing age that was shown in the sub-
group analysis should be considered as hypoth-
esis generating and warrants attention in future 
studies.

Our trial has several limitations. First, it was 
an open-label trial to avoid the use of parenteral 
placebo for 6 months. However, the numbers of 
suspected recurrences of venous thromboembo-
lism were similar in the two treatment groups, 

and all suspected trial outcome events were cen-
trally adjudicated in a blinded manner. Second, 
gastrointestinal bleeding was not a prespecified 
trial outcome; however, after the publication of 
results of studies of other direct anticoagulants, 
such bleeding emerged as a relevant safety out-
come. Third, patients with brain tumors, known 
cerebral metastases, or acute leukemia were not 
enrolled for safety reasons, so our results cannot 
be extrapolated to these patient groups. Finally, 
as in the large majority of studies regarding the 
treatment of venous thromboembolism, the sam-
ple size of our trial was powered for the primary 
outcome (recurrent venous thromboembolism) and 
was not powered to make definitive conclusions 
about bleeding.

The favorable safety profile that we found for 
apixaban is in agreement with the results of previ-
ous randomized trials of this drug with respect 
to the treatment of venous thromboembolism in 
the general population.10,17 Taken together, these 
findings may expand the proportion of patients 
with both cancer and venous thromboembolism 
who would be eligible for treatment with apixa-
ban, including patients with gastrointestinal can-
cer. On the basis of these findings, we concluded 
that oral apixaban was noninferior to subcuta-
neous dalteparin for the treatment of cancer-
associated venous thromboembolism without an 
increased risk of major bleeding.

Supported by the Bristol-Myers Squibb–Pfizer Alliance.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.

Appendix
The authors’ affiliations are as follows: the Internal Vascular and Emergency Medicine–Stroke Unit, University of Perugia, Perugia (G.A., 
C.B., M.V.), Federazione delle Associazioni dei Dirigenti Ospedalieri Internisti (FADOI) Research Center, Milan (G.G.), the Department 
of Medicine, Azienda Ospedaliero–Universitaria Maggiore della Carità, Novara (M.C.), the Department of Medicine, Buon Consiglio–
Fatebenefratelli Hospital, Naples (A.F.), and Internal Medicine, Azienda Ospedale–Università, Padua (G.V.) — all in Italy; Hôpital 
Européen Georges Pompidou, Assistance Publique–Hôpitaux de Paris, Université Paris Descartes, Sorbonne Paris Cité, Paris, and 
INNOVTE, Saint-Etienne (G.M.) — both in France; Instituto de Investigatión Sanitaria Gregorio Marañon, Universidad Complûtense, 
Madrid (A.M.); the Department of Thrombosis and Hemostasis, Leiden University Medical Center, Leiden, the Netherlands (M.V.H.); 
the Hematology Division, Brigham and Women’s Hospital, and Harvard Medical School, Boston (J.M.C.); Guy’s and St. Thomas’ NHS 
Foundation Trust Hospital, King’s College London, London (A.C.); the Department of Vascular Medicine, Darmstadt, and Center for 
Thrombosis and Hemostasis, University of Mainz, Mainz (R.B.) — both in Germany; the Institute of Hematology and Bone Marrow 
Transplantation Unit, Rambam Health Care Campus Technion, Israel Institute of Technology, Haifa (B.B.); the Departments of 
Pulmonary Circulation, Thromboembolic Diseases, and Cardiology, Center for Postgraduate Medical Education, Europejskie Centrum 
Zdrowia, Otwock, Poland (A.T.); the Surgical Oncology Department, Institut Português de Oncologia do Porto, Porto, Portugal (M.R.S.); 
and Cliniques Universitaires Saint-Luc, Brussels (C.L.).

References
1.	 Cohen AT, Katholing A, Rietbrock S, 
Bamber L, Martinez C. Epidemiology of 
first and recurrent venous thromboembo-

lism in patients with active cancer: a pop-
ulation-based cohort study. Thromb Hae-
most 2017;​117:​57-65.

2.	 Prandoni P, Lensing AWA, Piccioli A, 
et al. Recurrent venous thromboembolism 
and bleeding complications during anti-

The New England Journal of Medicine 
Downloaded from nejm.org at The University Of Illinois at Chicago on April 6, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿ 9

Apixaban for Thromboembolism Associated with Cancer

coagulant treatment in patients with can-
cer and venous thrombosis. Blood 2002;​
100:​3484-8.
3.	 Farge D, Frere C, Connors JM, et al. 
2019 International clinical practice guide-
lines for the treatment and prophylaxis of 
venous thromboembolism in patients 
with cancer. Lancet Oncol 2019;​20(10):​
e566-e581.
4.	 Key NS, Khorana AA, Kuderer NM, et 
al. Venous thromboembolism prophylaxis 
and treatment in patients with cancer: 
ASCO clinical practice guideline update.  
J Clin Oncol 2020;​38:​496-520.
5.	 Konstantinides SV, Meyer G, Becattini 
C, et al. 2019 ESC guidelines for the diag-
nosis and management of acute pulmo-
nary embolism developed in collaboration 
with the European Respiratory Society 
(ERS). Eur Heart J 2020;​41:​543-603.
6.	 Streiff MB, Holmstrom B, Angelini D, 
et al. NCCN Guidelines insights: cancer-
associated venous thromboembolic disease, 
version 2.2018. J Natl Compr Canc Netw 
2018;​16:​1289-303.
7.	 Khorana AA, Noble S, Lee AYY, et al. 
Role of direct oral anticoagulants in the 

treatment of cancer-associated venous 
thromboembolism: guidance from the 
SSC of the ISTH. J Thromb Haemost 2018;​
16:​1891-4.
8.	 Raskob GE, van Es N, Verhamme P, et 
al. Edoxaban for the treatment of cancer-
associated venous thromboembolism.  
N Engl J Med 2018;​378:​615-24.
9.	 Young AM, Marshall A, Thirlwall J, et 
al. Comparison of an oral factor Xa in-
hibitor with low molecular weight hepa-
rin in patients with cancer with venous 
thromboembolism: results of a random-
ized trial (SELECT-D). J Clin Oncol 2018;​
36:​2017-23.
10.	 Agnelli G, Buller HR, Cohen A, et al. 
Oral apixaban for the treatment of acute 
venous thromboembolism. N Engl J Med 
2013;​369:​799-808.
11.	 Agnelli G, Becattini C, Bauersachs R, 
et al. Apixaban versus dalteparin for the 
treatment of acute venous thromboembo-
lism in patients with cancer: the Caravag-
gio Study. Thromb Haemost 2018;​118:​
1668-78.
12.	 Fine JP, Gray RJ. A proportional haz-
ards model for the subdistribution of a 

competing risk. J Am Stat Assoc 1999;​94:​
496-509.
13.	 Kirkilesis GI, Kakkos SK, Tsolakis IA. 
A systematic review and meta-analysis of 
the efficacy and safety of anticoagulation 
in the treatment of venous thromboembo-
lism in patients with cancer. Eur J Vasc 
Endovasc Surg 2019;​57:​685-701.
14.	 Mahé I, Chidiac J, Bertoletti L, et al. 
The clinical course of venous thrombo-
embolism may differ according to cancer 
site. Am J Med 2017;​130:​337-47.
15.	 Lee AYY, Levine MN, Baker RI, et al. 
Low-molecular-weight heparin versus a 
coumarin for the prevention of recurrent 
venous thromboembolism in patients with 
cancer. N Engl J Med 2003;​349:​146-53.
16.	 Lee AYY, Kamphuisen PW, Meyer G, et 
al. Tinzaparin vs warfarin for treatment 
of acute venous thromboembolism in pa-
tients with active cancer: a randomized 
clinical trial. JAMA 2015;​314:​677-86.
17.	 Agnelli G, Buller HR, Cohen A, et al. 
Apixaban for extended treatment of ve-
nous thromboembolism. N Engl J Med 
2013;​368:​699-708.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at The University Of Illinois at Chicago on April 6, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


