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To the Editor:

Venous thromboembolism (VTE) is a common complication in cancer patients [1, 2], associated with an
8–10% annual bleeding risk during anticoagulant therapy and a 10–20% annual risk of VTE recurrence [1, 3].

Although low-molecular-weight heparin (LMWH) is the recommended anticoagulant therapy for
cancer-associated VTE [4, 5], vitamin-K antagonists (VKAs) are still frequently used [6, 7]. Previous
meta-analyses assessed the safety and efficacy of direct oral anticoagulants (DOACs) in patients with
cancer-associated VTE [8]. However, subgroup analyses provided additional evidence with separate data
on patients with cancer history and on patients with active cancer, who were previously grouped together.

To compare the efficacy and safety of DOACs with VKAs for the treatment of VTE separately in these
subgroups of patients, we extracted data from four post-hoc analyses of six randomised controlled trials
(RE-COVER I, RE-COVER II, EINSTEIN-DVT, EINSTEIN-PE, AMPLIFY, Hokusai-VTE) [9–12]. Patients
were classified as patients with active cancer, patients with a history of cancer, and patients without active
or previous cancer. The primary efficacy outcome was recurrent VTE or VTE-related death. Safety
outcome was major bleeding. Differences between the DOAC and VKA groups in the efficacy and safety
outcomes were expressed as risk ratios with 95% confidence intervals using a random-effects model. The
significance level was set at p<0.05. Heterogeneity among studies was assessed with Chi-squared Cochran’s
Q tests and with the I2 statistic.

Four studies [9–12] enrolled 13593 patients receiving DOACs and 13585 receiving VKAs. Overall, 1496
patients (5.5%) had active cancer and 1605 (5.9%) had cancer history. The proportion of patients with
active cancer was similar in the DOAC and VKA groups (5.6% versus 5.2%, p=0.11) as well as the
proportion of patients with cancer history (7.2% versus 7.3%, p=0.77). The risk of recurrent VTE was
higher in patients with active cancer than in patients with cancer history (RR 1.78, 95% CI 1.3–2.4) and in
patients without cancer (RR 3.2, 95% CI 2.6–3.9). Similarly, the risk of major bleeding was higher in
patients with active cancer than in patients with cancer history (RR 1.79, 95% CI 1.2–2.7) and in patients
without cancer (RR 3.3, 95% CI 2.5–4.4).

In patients with active cancer, DOACs were associated with a significantly lower risk of VTE recurrence
(figure 1) and a nonsignificantly lower risk of major bleeding (figure 2) compared with VKAs.

In patients with cancer history, DOACs were associated with a nonsignificantly lower risk of VTE
recurrence and major bleeding (figures 1 and 2) compared with VKAs.

In patients without cancer, the incidence of VTE recurrence was similar between DOACs and VKAs
(figure 1), whereas DOACs were associated with a significantly lower risk of major bleeding (figure 2)
than VKAs.
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The risk of mortality was comparable in patients allocated to DOACs or VKAs: 18.0% versus 18.5% in
patients with active cancer (RR 0.97, 95% CI 0.8–1.2), 7.4% versus 7.0% in patients with cancer history
(RR 1.06, 95% CI 0.7–1.6), and 1.2% versus 1.2% in patients without cancer (RR 0.95, 95% CI 0.7–1.2).

This is the first meta-analysis comparing separately the safety and efficacy of DOACs with VKAs for acute
VTE in patients with active cancer, patients with a history of cancer, and patients without active or
previous cancer. Our results indicate that DOACs are associated with a significantly lower risk of recurrent
VTE than VKAs in patients with active cancer, while the risk of bleeding and mortality is similar between
the treatment groups. These findings show striking similarities with the results of two Cochrane reviews [5,
13], reporting a significant reduction in the incidence of recurrent VTE in patients receiving LMWH
compared with those receiving VKAs, with no differences in bleeding or survival. Accordingly, LMWH is
the treatment of choice in cancer-associated VTE [4] because of fewer drug–drug interactions (especially
with chemotherapeutic agents), a more predictable dose response, no need for laboratory monitoring,
reliable delivery in patients with nausea/vomiting and a shorter half-life allowing a greater flexibility
during invasive procedures and in cases where chemotherapy-induced thrombocytopenia develops. Many
of these advantages are also offered by DOACs, with the addition of the oral route of administration,

0.32 (0.09–1.14)

0.68 (0.36–1.29)

0.62 (0.34–1.12)

0.70 (0.30–1.62)

0.62 (0.43–0.90)

3

16

15

9

43

AMPLIFY

EINSTEIN-DVT-PE

HOKUSAI

RECOVER-I&II

Subtotal (95% CI)

Total events

1.1.1. Active cancer

Study or subgroup Events

DOACs VKA

Total Events Total Weight

Risk ratio

M-H, random, 95% CI

Risk ratio

M-H, random, 95% CI

Heterogeneity: τ2=0.00; χ2=1.21, df=3 (p=0.75); I2=0%

Test for overall effect: Z=2.54 (p=0.01)

94

354

163

173

784

9

20

26

12

67

90

301

174

162

727

2.4%

7.7%

8.4%

5.1%

23.6%

0.18 (0.04–0.79)

1.01 (0.30–3.45)

0.52 (0.28–0.97)

0.50 (0.23–1.07)

2

5

14

21

AMPLIFY

EINSTEIN-DVT-PE

HOKUSAI

Subtotal (95% CI)

Total events

1.1.2. History of cancer

Heterogeneity: τ2=0.18; χ2=3.16, df=2 (p=0.21); I2=37%

Test for overall effect: Z=1.79 (p=0.07)

179

233

378

790

11

5

28

44

175

236

393

804

1.8%

2.6%

7.9%

12.3%

1.00 (0.69–1.44)

0.94 (0.67–1.31)

1.03 (0.79–1.35)

1.19 (0.80–1.78)

1.03 (0.87–1.21)

54

65

103

51

273

AMPLIFY

EINSTEIN-DVT-PE

HOKUSAI

RECOVER-I&II

Subtotal (95% CI)

Total events

1.1.3. No cancer

Heterogeneity: τ2=0.00; χ2=0.85, df=3 (p=0.84); I2=0%

Test for overall effect: Z=0.30 (p=0.77)

Heterogeneity: τ2=0.04; χ2=15.90, df=10 (p=0.10); I2=37%

Test for overall effect: Z=1.70 (p=0.09)

Test for subgroup differences: χ2=8.52, df=2 (p=0.01); I2=76.5%

2336

3563

3658

2380

11937

55

70

99

43

267

2370

3594

3629

2392

11985

14.9%

16.3%

19.1%

13.8%

64.0%

0.84 (0.68–1.03)

337

Total (95% CI)

Total events

13511

378

13516 100.0%

0.02 0.1 1

Favours DOACs Favours VKA

10 50

FIGURE 1 Risk of venous thromboembolism (VTE) recurrence and VTE-related mortality in patients receiving direct oral anticoagulants (DOACs)
and vitamin K antagonists (VKAs) stratified according to the presence of cancer.
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which makes these agents more appealing for the long-term secondary prevention of VTE. However,
before DOACs can be routinely proposed for patients with cancer-associated VTE, direct head-to-head
comparison with LMWH is necessary. Indeed, in most of the available randomised controlled trials, the
assessment of the safety and efficacy of DOACs in the subgroup of cancer patients was not pre-specified
and patients with reduced life expectancy and end-organ dysfunction (e.g. renal and liver dysfunction)
were excluded. Furthermore, anticipated treatment with LMWH was an explicit exclusion criterion in
some studies. Consequently, patients with active cancer included in these trials had significantly lower
rates of mortality, VTE recurrence, and bleeding than those reported in previous trials comparing LMWH
versus VKAs [5]. Thus, the results of the present study may not apply, for instance, to cancer patients with
advanced stage disease [1].

As an additional point, information from currently available trials is insufficient to fully appreciate
potential concerns regarding the safety of DOACs in cancer patients receiving chemotherapy, due to
potential interactions with antineoplastic agents [14]. Ongoing studies such as the Hokusai VTE-cancer
study, in which enrolment has now been completed, and the Caravaggio study, for which enrolment is
about to commence, will address this important knowledge gap [15].
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FIGURE 2 Risk of major bleeding in patients receiving direct oral anticoagulants (DOACs) and vitamin K antagonists (VKAs) stratified according to
the presence of cancer.
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In some previous studies, patients with active cancer and patients with history of cancer have been initially
analysed together, under the assumption that the risk of adverse events could be similar between the two
groups. The results of our study clearly show that both recurrence and bleeding rates are higher in the
former group than in the latter, suggesting that these patients may require different management
approaches.

In patients with a history of cancer, DOACs seem to have a favourable risk–benefit profile compared with
VKAs, although the differences did not reach statistical significance in this study. In particular, the
magnitude of the reduction in major bleeding rates was similar to that obtained in patients with active
cancer and in patients without cancer; the lack of statistical significance may be driven by the lower rate of
major bleeding complications.

The present study has potential limitations. First, we performed a meta-analysis of aggregate data, and
difference in the baseline characteristics in patients treated with DOACs and VKAs could not be excluded
since, in most studies, patients were not stratified based on the presence of cancer. Second, one could
question the validity of pooling together the results of single studies, since the studies did not use the same
definition of active cancer. However, as revealed by the I2 values (figures 1 and 2), heterogeneity among
the studies in active cancer patients was low in our random-effects meta-analysis. Third, owing to the low
number of included studies, we were unable to assess the presence of publication bias. However, it is
unlikely that other trials outside the phase 3 programmes have been performed in which DOACs were
compared with VKAs.

In conclusion, the results of the present meta-analysis suggest a favourable risk–benefit ratio for the use of
DOACs in cancer patients with acute VTE when compared with the use of VKAs. Several safety aspects of
the use of DOACs in cancer patients need additional evaluation. Ongoing studies that compare LMWH
with DOACs for the treatment of VTE in cancer patients will address important knowledge gaps.
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