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ABSTRACT

Patients with brain tumors are at high risk for thromboem-
bolic complications and frequently require anticoagulation.
Direct oral anticoagulants (DOACs) are a less burdensome
treatment for cancer-associated thrombosis with safety
and efficacy comparable to those of low molecular weight
heparin (LMWH); however, there are few data to support
the use of DOACs in patients with brain tumors. The purpose
of this study was to better understand the safety profile
of anticoagulants in patients with primary and metastatic
brain tumors, with particular interest in the safety and effi-
cacy of DOACs. Our hypothesis was that DOACs are as safe
and effective as LWMH in this population. This study was
conducted through a single-center retrospective chart review
of 125 patients with primary and metastatic brain tumors on

anticoagulation. Our primary outcomes were major bleeding
and intracranial hemorrhage (ICH), with secondary outcomes
of minor bleeding and recurrent thrombosis. The rate of
major bleeding was 26% in the LMWH group versus 9.6% in
the DOAC group (p = .03). The rate of ICH was 15% in the
LMWH group versus 5.8% in the DOAC group (p = .09). The
severity of ICH in both groups was low with median Common
Terminology Criteria for Adverse Events version 5 scores of
2 in the LMWH group and 3 in the DOAC group. The rates of
minor bleeding and recurrent thrombosis were low in both
groups. Our conclusion is that DOAC use in patients with
brain tumors is not associated with increased rates of major
bleeding compared with LMWH and is a safe and effective
option. The Oncologist 2021;26:427–432

Implications for Practice: Patients with brain tumors are at high risk for venous thromboembolism and frequently require
anticoagulation. Direct oral anticoagulants (DOACs) are less burdensome than low molecular weight heparin (LMWH) for
treatment of thromboembolism, but there is concern in the community over increased risk of bleeding. This study provides
much-needed objective evidence that there are fewer major bleeding events in patients with brain tumors on DOACs compared
to LMWH with similar efficacy. As the paradigm of anticoagulation in patients with cancer shifts from LWMH toward DOACs, this
work is particularly meaningful as it suggests DOACs are safe and effective for patients with brain tumors.

INTRODUCTION

Patients with brain tumors are at high risk for thromboem-
bolic complications and frequently require anticoagulation.
Recent studies have shown that between 13% and 30% of
patients diagnosed with glioblastoma multiforme will
develop venous thromboembolism (VTE) over the course of
their illness [1, 2]. Low molecular weight heparins (LMWHs)
have become favored over warfarin in patients with cancer
and VTE as they have demonstrated better efficacy in
preventing recurrent VTE and no significant difference in

bleeding risk [3]. However, daily subcutaneous injections
make this anticoagulant uncomfortable and burdensome
for many patients. Direct oral anticoagulants (DOACs) have
emerged as a less burdensome treatment for cancer-
associated VTE with safety and efficacy comparable to
those of LMWH [4, 5]. Although DOACs are being used
more frequently in patients with cancer, there remains little
data to support their use in patients with primary and met-
astatic brain tumors. Current guidelines recommend either
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LMWH, rivaroxaban, or edoxaban for at least 6 months for
the treatment of VTE in patients with cancer. These guide-
lines make the same recommendation for patients with pri-
mary or metastatic central nervous system malignancies,
although they note that there is uncertainty regarding
which agent is most beneficial [6, 7]. Previous trials of anti-
coagulant use in patients with cancer have included few
patients with brain tumors [3–5, 8], and there are currently
no randomized controlled trials evaluating anticoagulants in
this patient population. This has led to a high level of con-
cern in the medical community regarding the use of DOACs
in patients with brain tumors for fear of major bleeding and
intracranial hemorrhage. Additionally, recent studies have
shown that these events are more common in patients with
brain tumors receiving therapeutic anticoagulation and lead
to high morbidity and mortality [9–11]. Our objective was
to further assess the safety and efficacy of anticoagulant
treatments in patients with primary and metastatic brain
tumors, with particular interest in rates of major bleeding
and intracranial hemorrhage in patients on DOACs com-
pared with those on LMWH.

MATERIALS AND METHODS

Design and Oversight
This study was a single-center retrospective chart review of
patients with primary and metastatic brain tumors on full-
dose anticoagulation. The study protocol was approved as
exempt, as defined by federal regulation 45 CFR §46, by the
University of Pittsburgh Institutional Review Board before
data collection occurred. The primary investigator was
responsible for data acquisition and statistical analysis. Both
authors were responsible for writing and editing the manu-
script and submission for publication.

Study Population
Potential cases for inclusion in this study were identified by
querying records at the Hillman Cancer Institute Center of
Neuro-Oncology for patients diagnosed with primary and
metastatic brain tumors on treatment dose anticoagulation
between the dates of August 1, 2015, and August 8, 2018.
All patients with recent imaging demonstrating active pri-
mary or metastatic brain tumors on treatment dose anti-
coagulation for deep vein thrombosis (DVT)/pulmonary
embolism (PE), atrial fibrillation, or hypercoagulable states
were included in the study pool. DOAC cases included
patients on rivaroxaban, apixaban, or dabigatran, whereas
LMWH cases included patients on enoxaparin or dalteparin.

Data Acquisition
The electronic medical record was used to systematically
review patients and record age, sex, tumor histology, onco-
logic treatment, imaging, indication for anticoagulation,
bleeding complications, recurrent thrombosis, and comor-
bid conditions.

Outcomes
The primary outcomes of this study were the rates of major
bleeding and intracranial hemorrhage in the patient

population. Major bleeding was defined according to the
International Society on Thrombosis and Hemostasis as
overt bleeding that was associated with a decrease in
hemoglobin level of 2 g per deciliter or more, led to transfu-
sion of two or more units of packed red cells, occurred in a
critical site, or contributed to death [12]. Intracranial hem-
orrhage was determined by review of documented radiol-
ogy report on computed tomography or magnetic
resonance imaging as well as neuro-oncologist documented
interpretation. The severity of intracranial hemorrhage was
graded using Common Terminology Criteria for Adverse
Events (CTCAE) version 5 criteria ranging from 1 (asymptom-
atic imaging finding) to 5 (death) [13]. Important secondary
outcomes in this study included minor bleeding, defined as
any documented bleeding not meeting criteria for major
bleeding, and recurrent thrombosis, defined as extension of
prior clot on Doppler report or evidence of new or worsen-
ing burden of clot on imaging while on anticoagulation.

Statistical Analysis
Our hypothesis was that DOACs are as safe and effective as
LMWH in patients with primary and metastatic brain
tumors. Using medcalc software, two-tailed Fisher’s exact
test was used to compare primary and secondary outcomes
between DOAC and LWMH groups and derive p values.

Subgroup Analysis
In the patient population that developed the primary outcome
of major bleeding while on anticoagulation, key comorbidities
that were recorded included treatment of hypertension at the
time of event, ongoing bevacizumab therapy at time of event,
thrombocytopenia (platelet count less than 150) at time of
event, and traumatic injury preceding the event.

RESULTS

Characteristics of the Patients
From review of charts at Hillman Cancer Center, between
August 8, 2015, and August 8, 2018, there were a total of
125 patients with active primary or metastatic brain tumors
on full-dose anticoagulation whose data were abstracted
for the study. The baseline characteristics were well bal-
anced (Table 1). The mean age of the population was
63 years, and the majority (57%) were male. The majority
of patients in this study had a primary diagnosis of glioblas-
toma multiforme (50%), whereas the most common meta-
static brain tumor primary was lung (8.8%), reflecting a
typical patient population in a tertiary neuro-oncology
referral center. The study population had a fairly even split
of patients on LMWH (45%) and DOACs (42%). Among the
52 patients in the study on DOACs, 40 were on rivaroxaban,
11 were on apixaban, and 1 patient was on dabigatran.
There were relatively few patients in the study on warfarin
(13%) who were not included in statistical analysis. Anti-
coagulation by tumor type is shown in Table 2 and further
demonstrates the balance in the population. The major indi-
cation for anticoagulation in this population was DVT/PE
(86%) with 53 patients having DVT (42%) and 54 (43%)
having PE.
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Primary Outcome
There were 22 major bleeding events in this population,
with 14 of those major bleeding cases attributed to intra-
cranial hemorrhage (ICH; Tables 3 and 4). In the entire
study population, major bleeding events occurred in 5 of

52 patients (9.6%) in the DOAC group compared with 15 of
57 patients (26%) in the LWMH group with a significant
p value of .03. The rate of intracranial hemorrhage was
lower in the DOAC group at 3 of 52 patients (5.8%) com-
pared with the LWMH group at 9 of 57 patients (16%),
although the p value was insignificant at .09. The severity of
ICH in both groups was low with median CTCAE version
5 scores of 2 and 3 in the LMWH and DOAC groups, respec-
tively (Fig. 1). When evaluating only the patients in the
study with primary brain tumors, the rates of major bleed-
ing remained lower in the DOAC group at 4 of 44 patients
(9.1%) compared with the LMWH group at 13 of 47 patients
(28%) with a significant p value of .02. The rate of ICH also
remained lower in the DOAC group at 2 of 44 patients
(4.5%) than in the LWMH group at 7 of 47 patients (15%),
although the p value remained insignificant at .10. There
were few primary events in the metastatic tumor popula-
tion and no significant differences noted between DOAC
and LWMH groups. There was one fatal intracranial hemor-
rhage in the entire patient population that occurred in a
patient with glioma on LMWH for DVT/PE.

Secondary Outcomes
There was no significant difference in minor bleeding
(10/52 [19%] in the DOAC group vs. 11/57 [19%] in the
LWMH group; p = .79) or recurrent thrombosis (1/52 [1.9%]
in the DOAC group vs. 3/57 [5.3%] in the LWMH group;
p = .35) in the patient population. This trend held true
when the population was further divided into primary
tumors and metastatic tumors. Further data expressing
event rate by each tumor type can be found in Table 5.

Subgroup Analysis
In pooling data from the 22 cases of major bleeding
(regardless of anticoagulation type), it was determined that
treatment for hypertension was present in 11 of 22 (50%)
and active treatment with bevacizumab was occurring in
11 of 22 (50%) of cases at time of diagnosis of major bleed.

Table 1. Baseline characteristics

Characteristic n = 125, n (%)

Age, mean, years 63

Gender: male, % 57

Tumor type

GBM 63 (50)

Glioma 15 (12)

Meningioma 7 (5.6)

CNS lymphoma 19 (15)

Lung 11 (8.8)

Breast 5 (4.0)

Renal 2 (1.6)

Ovary 1 (0.8)

Uterine 1 (0.8)

Melanoma 1 (0.8)

Anticoagulant

Warfarin 16 (13)

DOAC 52 (42)

LMWH 57 (45)

Indication

DVT/PE 107 (86)

Atrial fibrillation 12 (9.6)

CVST 4 (3.2)

Genetic thrombophilia 1 (0.8)

Mechanical valve 1 (0.8)

Abbreviations: CNS, central nervous system; CVST, cerebral venous
sinus thrombosis; DOAC, direct oral anticoagulant; DVT/PE, deep vein
thrombosis/pulmonary embolism; GBM, glioblastoma multiforme;
LMWH, low molecular weight heparin.

Table 2. Anticoagulation by tumor type

Tumor type Total, n DOAC, n LMWH, n Warfarin, n

Primary brain tumors

GBM 63 22 33 8

Glioma 15 7 5 3

Meningioma 7 5 1 1

CNS lymphoma 19 10 8 1

Metastatic tumors

Lung 11 7 4 0

Breast 5 0 4 1

Renal 2 0 1 1

Ovary 1 0 0 1

Uterine 1 1 0 0

Melanoma 1 0 1 0

Total 125 52 57 16

Abbreviations: CNS, central nervous system; DOAC, direct oral anticoagulant; GBM, glioblastoma multiforme; LMWH, low molecular weight
heparin.
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DISCUSSION

Patients with primary and metastatic brain tumors have sig-
nificantly increased risk of venous thromboembolism, which
leads to substantial morbidity and mortality [1–2, 9–11].
However, anticoagulation in these patients has proven diffi-
cult, as many providers have concerns over precipitating
bleeding complications, particularly intracranial hemor-
rhage. Prior studies have established that LMWH is superior
to warfarin for cancer-associated thromboembolism [3];
however, there is a growing body of evidence that DOACs
are safe and effective for this indication. Two randomized
control trials have shown that DOACs have noninferior effi-
cacy to LWMH for malignancy-associated VTE but also
showed that DOACs are associated with an increased rate
of major bleeding [4, 5]. Additionally, these trials included
very few patients with brain tumors.

Our single-center retrospective study of patients with
primary and metastatic brain tumors on full-dose

anticoagulation showed that there was not an increased
rate of major bleeding or intracranial hemorrhage in the
DOAC group compared with the LWMH group. In fact, our
data show that there were significantly fewer major bleed-
ing events in the DOAC group compared with the LMWH
group and a trend toward fewer intracranial hemorrhage
events. This was true both in our composite analysis of all
patients in the study and in the primary brain tumor popula-
tion. There were few primary outcome events in the meta-
static tumor group, which limited ability to generalize based
on anticoagulation type. Our data show a higher rate of
non-ICH major bleeding events in the LMWH group, which
may be a result of provider bias to treat more critically ill
patients with LMWH. This is supported by a recent retro-
spective study that evaluated patterns of anticoagulation
prescribing in patients with cancer and found that providers
tend to avoid DOACs in patients with advanced disease
[14]. The data in our study appear to contradict previously
mentioned recent trials that show an increased major

Table 3. Primary and secondary outcomes

Outcomes Warfarin, n (%) DOAC, n (%) LMWH, n (%) p value

Primary + metastatic brain tumors (n = 16) (n = 52) (n = 57)

Major bleeding 2 (12.5) 5 (9.6) 15 (26) .03

ICH 2 (12.5) 3 (5.8) 9 (16) .09

Minor bleeding 1 (6.2) 10 (19) 12 (21) .79

Recurrent thrombosis 0 1 (1.9) 3 (5.3) .35

Primary brain tumors (n = 13) (n = 44) (n = 47)

Major bleeding 1 (7.7) 4 (9.1) 13 (28) .02

ICH 1 (7.7) 2 (4.5) 7 (15) .10

Minor bleeding 1 (7.7) 8 (18) 11 (23) .56

Recurrent thrombosis 0 1 (2.3) 2 (4.2) .61

Metastatic tumors (n = 3) (n = 8) (n = 10)

Major bleeding 1 (33) 1 (12) 2 (20) .65

ICH 1 (33) 1 (12) 2 (20) .65

Minor bleeding 0 2 (25) 0 .10

Recurrent thrombosis 0 0 1 (10) .37

Abbreviations: DOAC, direct oral anticoagulant; LMWH, low molecular weight heparin; ICH, intracranial hemorrhage.

Table 4. Bleeding events

Bleeding event n

Major bleed (n = 22)

Intracranial hemorrhage 14

Muscle hematoma 4

Gastrointestinal bleed 2

Retroperitoneal hematoma 1

Vaginal bleed 1

Minor bleed (n = 23)

Gastrointestinal bleed 9

Epistaxis 5

Muscle hematoma 4

Hematuria 3

Hemoptysis 2

Figure 1. CTCAE scores in ICH events.
Abbreviations: CTCAE, Common Terminology Criteria for
Adverse Events; DOAC, direct oral anticoagulant; ICH, intracra-
nial hemorrhage; VTE, venous thromboembolism.
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bleeding rate with patients with cancer on DOACs [4, 8].
However, these studies found that the increased major
bleeding rates occurred in patients with gastrointestinal
and gynecologic malignancies, of which there are very
few in our patient population. We also found that there
was no significant difference in minor bleeding or recur-
rent thrombosis in patients on DOACs versus LMWH in
the population. The overall rate of intracranial hemor-
rhage in our study was higher than some previously
reported studies that cite a rate of 2% [15, 16] but was in
line with more recent studies showing around 14.7%
severe ICH in patients with brain tumors on therapeutic
anticoagulation [11, 17]. Additionally, most ICH events in
this study were of low severity and required no aggres-
sive intervention. Our results are consistent with a recent
retrospective cohort study by Carney et al., which found
a decreased rate of ICH events in patients with brain
tumors on DOACs versus LMWH [18]. Our research adds
to this study by also evaluating rates of major bleeding
and adding secondary outcomes including minor bleeding
and recurrent thrombosis. Of note, the patients in this
study were not included in the recent CARAVAGGIO trial
comparing the safety of apixaban with LWMH in patients
with cancer. The results of our study lend further support
to current guidelines that recommend the choice of
either LMWH, rivaroxaban, or edoxaban for at least
6 months for the treatment of VTE in select patients with
cancer, including patients with primary and metastatic
brain tumors [6, 7].

The majority of the primary outcome events in our
study occurred in patients with primary brain tumors,
which is unsurprising as these patients comprised 80% of
the study population. There were few primary outcome
events in patients with metastatic tumors known to
cause hemorrhage (melanoma, renal cancer); however,
there were very few cases in the study population. The
majority of the primary outcome events were attributed
to intracranial hemorrhage and to muscle wall

hematomas. Most of the minor bleeding events consisted
of gastrointestinal bleeding and epistaxis, which is also
unsurprising given that these are very common side
effects of full-dose anticoagulation [19]. When evaluating
the patients who suffered a primary outcome in the pop-
ulation, treatment with bevacizumab and medical man-
agement of hypertension were common, which is also
expected given their respective contribution to hemor-
rhagic complications [20, 21].

The limitations of this study are its retrospective
nature, the small sample size, and data abstracted from a
single site. As previously mentioned, there were very few
patients in the population with metastatic brain tumors
with only three patients with tumor types most associ-
ated with intracranial hemorrhage (melanoma and renal
cell carcinoma). In future efforts, a randomized control
trial comparing LMWH with DOACs in patients with brain
tumors would be the most ideal way to analyze the effi-
cacy and safety of these agents. However, a retrospective
study using data from multiple sites may be the most rea-
sonable means by which to obtain a larger data set and
further evaluate this clinical question.

CONCLUSION

Our study builds upon recent evidence showing that DOACs
are not associated with increased major bleeding, ICH, or
recurrent thrombosis compared with LMWH in patients
with primary or metastatic brain tumors. Given the ease of
administration of DOACs compared with LMWH and the
decreased patient burden, DOACs appear to be a safe and
effective choice for anticoagulation in neuro-oncology
patients.
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