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Opinion statement
Patients with primary brain tumors are at a substantially elevated risk of venous throm‑
boembolism (VTE) compared to other disease states or other forms of malignancy. Deep 
venous thrombosis (DVT) and pulmonary embolism (PE), often complicate the care of 
patients with primary brain tumors, and treatment may pose specific unique risks and 
considerations for management. This paper critically reviews the relevant literature and 
the most common treatment options in addition to a discussion regarding the relative risk 
considerations for neurooncology patients facing thromboembolic disease.

Introduction

Cancer has been long recognized as an independent 
and significant risk factor for venous thromboembo-
lism (VTE) [1]. Patients with primary brain tumors 
are a particularly vulnerable subgroup, likely due to 
an underlying hypercoagulability associated with 
brain tumors in addition to risks associated with sur-
gery or paresis [2]. The presence of IDH1 mutations 
has been recently described as a risk factor [3]. While 

most patients derive clear benefit from anticoagulation, 
patients with primary brain tumors or metastatic dis-
ease to brain, may be at a real or perceived heightened 
risk of bleeding that often muddles clinical decision 
making.

Complicating the issue further is the fact that new 
anticoagulant clinical trials often initially exclude cancer 
patients potentially out of concern for early mortality 
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(and censoring which compromises trial endpoints), 
drug-drug interactions, or safety concerns (e.g. develop-
ment of treatment-related thrombocytopenia) [4–6]. 
Patient-related factors may also be present that can 
increase the mortality risk of any one event, such as frailty, 
preexisting pulmonary hypertension or other cardiopul-
monary disease [7]. The cumulative result is that most 
data in regards to anticoagulation is first driven by the 
experience in non-cancer settings which is then abstracted 
to the cancer patient. Ideally, this experience is then 
backed up with subsequent trials and real-world data.

A key tenet of good anticoagulant management is 
based upon a fairly weighted and ongoing risk assess-
ment performed by the clinician. This paper will 
first review the data in regard to these issues from a 
high-level perspective, and then focus on data avail-
able related to the experience in patients with primary 
and metastatic brain tumors. This will be followed 
by a review of therapeutic options currently available 
to the practicing clinician, but with emphasis on the 
newer data in support of more recently adopted oral 
anticoagulants.

Risks of acute VTE
Untreated acute VTE poses risks of mortality and morbidity, perhaps by pul-
monary embolism and subsequent cardiovascular collapse. In some studies, 
mortality attributed to any single untreated symptomatic pulmonary embo-
lism approaches 30%, usually via a recurrent or cumulative embolic event [8]. 
Isolated calf Deep Venous Thrombosis (DVT) appears to be associated with a 
significantly lower risk compared to more central and proximal DVT [9, 10]. 
Therefore, in addition to patient-related risk factors, the practicing clinician 
is encouraged to consider the risk associated with a particular thrombosis, 
including the relative onset, location, proximity, and extent. The large central 
acute PE and the isolated distal calf DVT should probably be considered for 
anticoagulation with different ferocity.

Benefit and risks of anticoagulation
Anticoagulants have been long recognized as effective initial therapy for 
VTE as well as for secondary prevention in long-term settings. Highlight-
ing the need for rapid intervention, in one study conducted at the Mayo 
clinic, patients diagnosed with PE who start anticoagulation while still in 
the ED were noted to have significantly less mortality compared to patients 
who start anticoagulation following admission to hospital [11]. In this study, 
patients who received anticoagulation in the ED demonstrated a dramatic 
difference in in-hospital (1.4% versus 6.7%, p = 0.009) and 30-day mortality 
(4.4% vs 15.3%, p < 0.001), compared to patients starting anticoagulation 
outside of the ED. Beyond the immediate setting, it is clear that the risks 
from VTE are substantially lower following 3 months of anticoagulant, with 
some debate over the relative benefit of 6 months of primary treatment [12]. 
After 3–6 months of anticoagulation, additional risk-assessment is helpful to 
determine the potential benefit of long-term therapy, as secondary prophy-
laxis [13].

Anticoagulants inhibit secondary hemostasis, and are therefore thought 
to not directly trigger spontaneous bleeding, but may compromise hemo-
static mechanisms that may have otherwise been resolved without coming 
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to clinical attention, including cerebral microbleeding [14]. In regards to 
primary brain tumors, risk of both spontaneous bleeding as well as risk of 
bleeding with anticoagulation exposure appears to trend with grade. GBM 
appears to incur a risk of spontaneous intracranial hemorrhage (ICH) of 
approximately 5% [15]. A specific setting to note is in the primary pituitary 
tumor, where apoplexy is reported to be high as 14% even in the absence of 
anticoagulation [16]. Concurrent thrombocytopenia, perhaps secondary to 
myelosuppressive chemotherapy, increases the risk of bleeding but the spe-
cific correlation is loosely defined in this setting. The use of VEGF inhibitors 
have been associated with an increased risk of bleeding complications. In the 
AVAglio trial, the addition of bevacizumab was associated with a risk of CNS 
bleeding of 3.3%, compared to 2.0% in patients receiving temozolomide and 
radiotherapy without bevacizumab. This difference was not statistically sig-
nificant. Non-CNS bleeding was significant however, with 37.1% of patients 
receiving bevacizumab experiencing at least a grade 1 bleeding event versus 
19.6% of patients receiving the control regimen (p < 0.001) [17]. The similar 
RTOG 0825 trial reported no statistical difference in CNS bleeding, but did 
not report similar non-CNS bleeding [18].

Anticoagulant options
This review will attempt to summarize the significant data in support of the 
major classes of anticoagulants in common practice to better clarify the risks 
and benefits as they apply to the neuro-oncology patient.

Vitamin K antagonists

Vitamin K antagonists (VKA) such as warfarin represent the oldest class of 
anticoagulants and are effective at reducing the risks of thrombosis. Warfarin 
is encountered as a control arm in more recent data and does reduce the risk 
of recurrence or VTE-related death [19]. However, its use has been largely 
supplanted in the cancer patient for multiple reasons including good data 
to suggest higher rates of recurrent thrombosis, and more bleeding when 
compared to other oral agents [4, 5]. In addition, VKA has high potential 
for drug-drug interactions (particularly via CYP29C) or diet-related factors, 
which compromise their risk profile. Still, VKA dosed to therapeutic INR 2–3, 
remains a potential option in the highly selected patient (i.e., for one who 
convincingly fails primary and secondary alternatives, declines injections, 
and passes a risk/benefit assessment to warrant anticoagulant). There are no 
large studies focused on the neuroncology patient from which to draw firm 
conclusions, and therefore this agent should be relegated as a reserve option.

Low molecular weight heparins (LMWH)

Until recently, low molecular weight heparins had largely been accepted as 
the preferred anticoagulant for cancer patients with acute VTE owing to data 
which suggested better efficacy and lower risks compared to other available 
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agents. A landmark study that established this as a standard was the CLOT 
trial, which was reported in 2003 [19]. This multicenter prospective inter-
ventional trial randomized 676 cancer patients with acute proximal DVT 
(including popliteal vein or further cephalad) and radiologically confirmed 
PE, to receive standard-dose low molecular weight heparin (dalteparin) versus 
VKA. A total of 27 patients had primary brain tumors (4.5%). 27 of 336 (8%) 
patients who received LMWH had recurrent venous thromboembolism within 
6 months compared with 53 of 336 patients (15.7%) in the warfarin group 
(hazard ratio, 0.48; P = 0.002). Other relevant trials that offered additional 
support of this approach included the ONCENOX and CATCH trials [20, 21]. 
With these and other data, the American Society of Clinical Oncology first 
published guidelines on this topic in 2007 with updates in 2013 and 2015, 
establishing LMWH as the preferred agent for initial and subsequent treat-
ment for cancer patients with VTE [22].

There have been subsequent retrospective analyses investigating the rates 
of bleeding within the neuroncology patient population following antico-
agulation. These data suggest that the rate of ICH of high-grade primary brain 
tumors when treated with standard dose LMWH appears to be between 4.7 
and 14.7% [22–24]. Chai-Adisaksopha et al. reported a retrospective total of 
364 patients with cancer-associated VTE [23]. In this report, 67 patients had 
primary brain tumors and a total of 115 patients had metastatic disease to 
brain. LMWH was effective at reducing risks and sequelae of VTE, but came 
at a cost of increased intracranial bleeding witnessed in patients with brain 
tumors versus other malignancies (4.9% vs. 0%, p = 0.04). Additional data is 
variable and includes smaller numbers of patients. Mantia et al. reported on 
50 patients with high grade glioma treated with enoxaparin and identified 
a significantly higher rate of ICH compared to those who received no anti-
coagulation (14.7% vs. 2.5% HR 3.37, 95% CI 1.02–11.14) [22]. The rate of 
intracranial bleeding was not statistically different between metastatic and 
primary CNS tumors (5.97% vs 3.48%, p = 0.48). Yust-Kats reported on the 
role of the Khorana scale to evaluate the risk of VTE and offered some data of 
bleeding risk in GBM patients [24]. In this study, 64 patients developed VTE 
of 440 patients with GBM over the course of treatment. Of the 36 patients 
who received anticoagulation, 2 developed ICH (5.5%).

Direct oral anticoagulants (DOAC)

The development of effective oral agents that do not require monitoring 
adjustments has significantly changed the approach to anticoagulation. 
Commonly encountered agents in this space include the inhibitors of Factor 
Xa (rivaroxaban, apixaban, and recently edoxaban) and the direct thrombin 
inhibitor, dabigatran.

Apixaban 

The AMPLIFY trials led to the approval of apixaban as primary therapy for 
acute VTE. A total of 5400 patients were randomized to conventional therapy 
(LMWH followed by warfarin to INR 2–3) or apixaban, 10 mg twice daily for 
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7 days, followed by 5 mg twice daily [4]. The trial demonstrated noninferior-
ity in regards to its primary endpoint of recurrent VTE or VTE-related death; 
2.3% in the apixaban group compared with 2.7% in the conventional-therapy 
group (RR, 0.84; 95% CI 0.60–1.18). Apixaban was found to be superior in 
regards to major bleeding (0.6% in apixaban group compared to 1.8% in 
control arm (RR, 0.31; 95% CI, 0.17 to 0.55; P < 0.001). AMPLIFY did exclude 
cancer patients, including those with primary brain tumors.

Rivaroxaban 

The development of rivaroxaban parallels that of apixaban, with similar trial 
design and experience. FDA approval followed the reporting of the phase 3 
experience in both DVT and PE settings and a preplanned pooled analysis 
[5, 25, 26]. In the pooled analysis, a total of 8282 patients received rivaroxa-
ban 15 mg twice-daily for 21 days, followed by 20 mg once-daily compared 
to standard-therapy (enoxaparin 1.0 mg/kg twice-daily followed by VKA) 
[26]. The primary efficacy outcome, the rate of symptomatic recurrent VTE, 
was 2.1% in the rivaroxaban group compared to 1.8% for control (HR 1.12; 
95% CI 0.75–1.68). There likewise was no significant difference in compos-
ite bleeding, but the data did suggest a reduction in major bleeding of 1.1% 
compared to 2.2% for the LMWH arm (HR 0.49; 95% CI 0.31–0.79; P = 0.003 
for superiority). The trial contained a small cancer subgroup. A total of 430 
patients (5.1%) of subjects were deemed to have “active cancer.”

Edoxaban 

Edoxaban was approved following outcomes largely similar to prior DOAC 
experiences. This agent has the practical drawback that it is not approved for 
use in the first 5 days of treatment and there are concerns regarding acceler-
ated clearance in patients with an excellent glomerular filtration rate (> 95 ml/
min) [27]. This agent is notable having been the subject of the first ran-
domized, prospective trial of a DOAC conducted solely in cancer patients 
[28•]. The Hokusai-VTE cancer trial prospectively randomized 1050 cancer 
patients to receive open-label edoxaban 60 mg once daily versus standard-
dose LMWH (dalteparin) [28•]. In the trial, edoxaban was again found to 
be non-inferior in regard to recurrent VTE (HR 0.97; 95% CI 0.70–1.36, 
P = 0.006). Major bleeding was similar between the two arms (6.9% edoxa-
ban vs 4.0% in control, HR 1.77, 95% CI 0.71–1.36). There was an increased 
rate of major bleeding in patients with gastrointestinal cancer (13.2% vs 
2.1%) that was not evident in other tumor types. A total of 2 of 522 patients 
in the edoxaban group developed intracranial hemorrhage compared to 4 of 
524 receiving control, suggesting no significant increased risk of ICH attrib-
uted to the agent. Patients with primary brain tumor and metastatic tumors 
to brain were included, but not well enumerated (108 classified within an 
“other solid tumors” category). There were also patients represented who 
received bevacuzimab therapy prior to anticoagulant treatment (15.8% and 
16.1% between edoxaban and LMWH groups) as well as a smaller group who 
received anti-VEGF therapy randomization (2.5% and 3.2% respectively). 
This trial occurred well after LMWH gained wide acceptance as a standard 
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therapy in patients with cancer. As such, the control arm did not include use 
of VKA in contrast to the general DOAC studies, which usually compared the 
new oral option against the conventional oral comparator, VKA. Therefore, 
this trial arguably offers a more relevant control baseline as opposed to the 
other DOAC trials when considering cancer patients.

Dabigatran 

The direct-thrombin inhibitor dabigatran was first approved for stroke preven-
tion in atrial fibrillation, with subsequent label expansion in April 2014 to 
include DVT and PE following the RE-COVER trials [29]. The primary end-
point of recurrent VTE or VTE-related death at 6 months was 2.4% for dabi-
gatran and 2.1% for the warfarin control (HR 1.10, 95% CI 0.65–1.84). At 
6 months, there was a statistically significant advantage to dabigatran for all 
bleeding [16.1% dabigatran v. 21.1% warfarin, (HR 0.71, 95% CI 0.59–0.85)], 
but no advantage when this was restricted to non-major bleeding (1.6 v. 1.9% 
respectively, HR 0.82 95% CI 0.45–1.48). Relevant to this review, 3 of the 
1265 patients receiving warfarin developed intracranial bleeding, whereas no 
patients receiving dabigatran suffered an intracranial hemorrhage. While the 
mechanism of action of Rivaroxaban, Apixaban, and Edoxaban are similar 
and clinicians can reasonably directly compare much of the data for these 
agents (pharmacokinetics aside), dabigatran should be considered a different 
class of agent. This agent is similar in practice to edoxaban in that it is not 
approved as initial therapy during the first 5 days of treatment, instead need-
ing to be paired with a parenteral bridge. There is extremely limited data in 
support of its use in cancer patients particularly with CNS disease.

Direct oral anticoagulants in CNS malignancy and CNS metastatic disease
Data in support of the use of DOAC’s in patients with CNS tumors is emerg-
ing but is still quite sparse. However, data in malignancy as a whole has been 
largely favorable. Carney et al. conducted a retrospective review investigat-
ing the rate of intracranial hemorrhage in 172 patients with primary and 
metastatic disease to brain who were treated with anticoagulation (LMWH 
v. DOAC) [30]. 67 patients had primary brain tumors, and 20 such patients 
were treated with DOAC, the other 47 were treated with LMWH. Primary 
brain tumor patients receiving DOAC had no ICH (0%). The rate of ICH and 
was significantly higher in those receiving LMWH (36.8%). Likewise, the use 
of a DOAC did not increase rates of ICH in patients with brain metastases.

The SELECT-D trial represents another important data set contributing 
to the acceptance of DOAC’s in cancer patients [31]. This trial investigated 
the use of rivaroxaban compared to LMWH for VTE in active cancer patients. 
Results were similar to the Hokusai trials, but unfortunately, only 3 of the 
406 (1.4%) patients randomized had primary brain tumors. The study did 
report that 58% of patients had metastatic disease, but the percentage of those 
with intracranial metastases was not specified. The ADAM-VTE trial had a 
similar design and investigated the safety of apixaban use of in patients with 
active malignancy. Again, apixaban performed favorably with no major safety 
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surprises [32]. A total of 8 patients had primary brain tumors. The CARAVAG-
GIO trial is a similar and large prospective trial and represents, in this author’s 
opinion, a definitive answer to the question in regards to the appropriate-
ness of DOAC’s in most cancer patients. This study was reported in late 2020 
and randomized 1170 patients between apixaban and LMWH (dalteparin) 
[33••]. Apixaban was noninferior to LMWH with no increased risk of recur-
rent thrombosis, and no increased risk of bleeding. There was arguably a 
trend towards a reduced rate of recurrent thrombosis for the apixaban arm. 
Unfortunately, primary brain tumor patients were excluded from this study.

These data and others contributed to the NCCN endorsing DOAC’s as 
acceptable in the 2018 guidelines for therapeutic anticoagulation [34]. The 
NCCN now list the following options as category 2A alternatives for patients 
with reasons to avoid a parenteral anticoagulant as monotherapy: rivaroxaban 
15 mg orally BID for 21 days, followed by 20 mg daily, or apixaban 10 mg 
orally for 7 days, then 5 mg BID. In addition, LMWH for 5–10 days, fol-
lowed by edoxaban 60 mg orally (or 30 mg for patients with GFR 30–50 ml/
min) is now a category 1 NCCN recommendation in recognition of the large 
cancer-specific trials mentioned above [34]. A parenteral agent, followed by 
dabigatran, is also recognized, but “limited to those who refuse or have com-
pelling reasons to avoid long-term LMWH.”

In summary, there exists good data gathered over the last 2 decades which 
support the use of LMWH in cancer patients, with a few studies suggesting 
this holds true for CNS tumors. Additionally, the clinician can now draw 
upon prospective and well-randomized data to justify the use of DOAC’s in 
cancer patients. This includes patients with primary brain tumors and most 
brain metastasis with caveat of having quite limited data in this patient popu-
lation and treatment strategy, but the data that is available is largely favorable.

An approach to initial treatment of DVT/PE identified in a patient with a primary brain 
tumor or brain metastasis

How does the practicing clinician integrate this collection of data into daily 
practice?

Step 1. Complete a risk assessment. First, as reviewed above, clinicians 
must recognize that the risks of untreated VTE are high. However, absolute 
contraindications to anticoagulation need to be considered, which include 
recent or ongoing intracranial hemorrhage, severe thrombocytopenia (we favor 
dose reduction of LMWH for platelet count < 50,000 and discontinuation for 
platelet count < 25,000/ul) or very high risk, recent intracranial procedure for 
which anticoagulation is deemed to be contraindicated by the surgeon. Most 
brain tumors pose a relative risk of bleeding, but do not represent a strict 
contraindication. Available data suggest that this is true even in most cases 
for tumors traditionally associated with a “higher” risk of bleeding. Higher 
risk scenarios appear to include high-grade glioma with or without prior anti-
VEGF therapy and untreated metastatic tumors (e.g. pre-radiation). Specific 
histology associated with higher rates of bleeding include high-grade glioma, 
choriocarcinoma, malignant pituitary adenoma; for metastatic disease, thyroid 
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carcinoma, melanoma, renal cell carcinoma, and hepatocellular carcinoma are 
at elevated risk [35]. Again, when encountering the particularly uncomfortable 
decision of a patient with relative contraindications and indications for 
anticoagulation, we find it helpful to not only consider the risks of treatment, 
but also weigh the relative strength of the indication. New, acute, proximal 
and immediately threatening VTE pose the highest risk and represent a strong 
indication while isolated distal or asymptomatic thrombosis being somewhat 
less compelling indications for beginning high risk anticoagulation.

Step 2. Choose an agent for initial therapy. Renal function should be 
evaluated to clarify if one agent has an advantage. Most data suggest that 
DOAC’s (rivaroxaban, apixaban, and edoxaban) are equivalent to LMWH, 
and may have reduced bleeding risk compared to LMWH (discussed above). 
Additional data will be helpful to confirm that this remains true in patients 
with CNS tumors. We consider them as reasonable initial therapy, particularly 
if the patient places high value on avoiding injections.

Rarely, we find it helpful to employ unfractionated heparin (UFH) infusion 
as initial therapy. This is most often in the admitted and unstable patient with 
a high-risk thrombosis who is felt to be at exceptionally high risk of bleeding or 
in need of an imminent procedure. UFH can be helpful due to the short half-life 
and rapid offset. An additional maneuver that can be considered in the very-high 
risk patient who is felt to be too high risk to tolerate full-dose anticoagulation, 
perhaps due to some mild or moderate active bleeding, is to substitute an attenu-
ated, “prophylaxis” dose initially (e.g. enoxaparin 40 mg subcutaneous daily), 
and gauge clinical stability over a matter of hours. This may offer some initial 
benefit but low bleeding risk. If well tolerated and bleeding is felt to be stabilized, 
one can then escalate to “full-dose” anticoagulation the following day.

Inferior Vena Cava (IVC) filters can be used for patients with contraindica-
tions to anticoagulation. The enthusiasm for filters has waned in recent years 
due to increased recognition of their downsides. In CNS disease, IVC filters 
are most often used in patients with acute thrombosis who are planned for 

Fig. 1   A conceptual framework assisting the assessment of risks and benefits of anticoagulation over time. Time point A. 
An acute VTE event is associated with a high initial risk. Benefit to anticoagulation is strong. Anticoagulation risk is rela‑
tively moderate and may be higher during the initial “loading” phase. B. General risk of the acute thrombosis falls with time 
and approaches the chronic risk level at 3–6 months. Chronic risk persists, particularly in the setting of malignancy or other 
risks factors. If the chronic thrombosis risk remains elevated (as in most CNS cancer processes) the benefit to long-term 
treatment would be expected to exceed the bleeding risk, and there is net benefit to remaining on anticoagulation. Time 
point C. This risk/benefit balance is not static, and may vary based on the clinical status (e.g., a period of severe thrombo‑
cytopenia).
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neurosurgery. We recommend that filters be considered for patients only if 
they are not candidates for anticoagulation for greater than a 72-h window, 
and have a recent acute thrombosis. The filter should be removed when the 
contraindication to anticoagulation is resolved.

Step 3. Consider, and periodically reevaluate, therapy beyond the initial 
3–6 months of primary treatment. The duration of primary treatment for any 
one acute VTE has been settled at 3 to 6 months. The risk of any one VTE may fall 
with time as it is treated. Beyond 3–6 months, the thrombosis can be reasonably 
assumed to be either resolved or converted to a “chronic” thrombus, which poses 
significantly lower risk of embolism or extension. Beyond 6 months, the benefit 
of anticoagulation becomes effectively that of secondary prophylaxis, and thus the 
indication weakens but does not remain fully static (Fig. 1). The patient should 
have the course of anticoagulant periodically reviewed to better understand the risk 
and benefit of ongoing treatment. We often consider if there are future procedures 
planned, review tolerance of anticoagulant to date and also discuss the patient’s 
ultimate prognosis and goals in the clinic. Owing to the rather high risk of recur-
rent VTE associated with CNS malignancy, most patients would still be expected 
to benefit from long-term anticoagulation, at least while the malignancy remains 
active. There may be periods where holding becomes appropriate (Fig. 1, Time 
C). For patients who pass a favorable risk/benefit evaluation, we favor indefinite 
therapy over finite but extended therapy. Thrombophilia testing rarely influences 
this decision as the risk profile of a prior thrombosis and active high-thrombotic 
risk malignancy largely drives the risk profile of a recurrent event to a level that 
warrants long-term anticoagulation, but can be considered for select patients, par-
ticularly those with family history.

There are a few other decision points to consider in regards to long-term anti-
coagulation particularly in the patient who is treated with DOAC’s. Both apixaban 
and rivaroxaban have been studied at a lower-dose (2.5 mg twice-daily and 10 mg 
daily, respectively) when entering the secondary prevention phase of treatment 
[36, 37]. The lower dose of these agents appears to be effective at reducing the 
risks of thrombosis and may to reduce the risk of bleeding in a dose-dependent 
manner. For these reasons, for the patient who has too high of a risk to consider 
indefinite full-dose therapy and who is beyond the acute phase of treatment but 
has persistent active malignancy or other risk factors, we suggest reducing the dose 
and continue anticoagulation as tolerated. Finally, the clinician is encouraged to 
periodically reevaluate the risks and benefits of ongoing treatment, as this balance 
may not remain static based on the patients clinical course.

Compliance with Ethical Standards

Conflict of Interests
Ryan Woods has received personal compensation for serving on a Scientific Advisory Board for Sanofi-
Genzyme. Glenn Lesser has received personal compensation for serving on a Scientific Advisory or Data 
Safety Monitoring board for ONO Pharma. Glenn Lesser has received personal compensation for serving 
as an Editor, Associate Editor, or Editorial Advisory Board Member for Springer. The institution of Glenn 
Lesser has received research support from Denovo Biopharma. The institution of Glenn Lesser has received 



Current Treatment Options in Oncology

research support from Oblato. The institution of Glenn Lesser has received research support from Novocure. 
The institution of Glenn Lesser has received research support from GBM Agile—GCAR.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by the authors.

Open Access 
This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the 
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References and Recommended Reading

Papers of particular interest, published recently, have been 
highlighted as:  
• 	 Of importance  
•• 	 Of major importance

	1.	 Metharom P, et al. The history of armand trous-
seau and cancer-associated thrombosis. Cancers. 
2019;11(2):158.

	2.	 Jeraq M, et  al.  Venous thromboembolism 
in brain tumor patients. Adv Exp Med Biol. 
2017;906:215–28.

	3.	 Mir SeyedNazari P, et al. Combination of isocitrate 
dehydrogenase 1 (IDH1) mutation and podopla-
nin expression in brain tumors identifies patients 
at high or low risk of venous thromboembolism. J 
Thrombo Haemost: JTH. 2018;16(6):1121–7.

	4.	 Agnelli G, et al. Oral apixaban for the treatment 
of acute venous thromboembolism. N Engl J Med. 
2013;369(9):799–808.

	5.	 Landman GW, Gans ROB. Oral rivaroxaban for 
symptomatic venous thromboembolism. N Engl J 
Med. 2011;364(12):1178.

	6.	 Goldhaber SZ, et  al. Dabigatran versus warfarin 
for acute venous thromboembolism in elderly or 
impaired renal function patients: pooled analysis 
of RE-COVER and RE-COVER II. Thromb Haemost. 
2017;117(11):2045–52.

	7.	 Anderson FA Jr, Spencer FA. Risk factors for venous 
thromboembolism. Circulation. 2003;107(23 Suppl 
1):I9-16.

	8.	 Bĕlohlávek J, et al. Pulmonary embolism, part I: 
Epidemiology, risk factors and risk stratification, 
pathophysiology, clinical presentation, diagnosis 
and nonthrombotic pulmonary embolism. Exp Clin 
Cardiol. 2013;18(2):129–38.

	9.	 Palareti G, et al. Evolution of untreated calf deep-
vein thrombosis in high risk symptomatic out-
patients: the blind, prospective CALTHRO study. 
Thromb Haemost. 2010;104(5):1063–70.

	10.	 Robert-Ebadi H, Righini M. Should we diag-
nose and treat distal deep vein thrombosis?. 
Hematol Am Soc Hematol Educ Program. 
2017;2017(1):231–6.

	11.	 Pinede L, et  al. Comparison of 3 and 6 months 
of oral anticoagulant therapy after a first episode 
of proximal deep vein thrombosis or pulmonary 
embolism and comparison of 6 and 12 weeks of 
therapy after isolated calf deep vein thrombosis. 
Circulation. 2001;103(20):2453–60.

	12.	 Kearon C, et al. A comparison of three months of 
anticoagulation with extended anticoagulation for 
a first episode of idiopathic venous thromboembo-
lism. N Engl J Med. 1999;340(12):901–7.

	13.	 Ortel TL, Neumann I, Ageno W, et al. American Soci-
ety of Hematology 2020 guidelines for management 

http://creativecommons.org/licenses/by/4.0/


Current Treatment Options in Oncology

of venous thromboembolism: treatment of deep 
vein thrombosis and pulmonary embolism. Blood 
Adv. 2020;4(19):4693–738.

	14.	 Gómez-Outes A, Lagunar-Ruíz J, Terleira-Fernán-
dez AI, Calvo-Rojas G, Suárez-Gea ML, Vargas-
Castrillón E. Causes of death in anticoagulated 
patients with atrial fibrillation. J Am Coll Cardiol. 
2016;68(23):2508–21.

	15.	 Khoury MN, et al. Intracranial hemorrhage in set-
ting of glioblastoma with venous thromboembo-
lism. Neuro-Oncol Pract. 2016;3(2):87–96.

	16.	 Li Yao, et al. Risk factors for the incidence of apoplexy 
in pituitary adenoma: a single-center study from 
southwestern China. Chin Neurosurg J. 2020;6:20.

	17.	 Chinot OL, et al. AVAglio: Phase 3 trial of beva-
cizumab plus temozolomide and radiotherapy in 
newly diagnosed glioblastoma multiforme. Adv 
Ther. 2011;28(4):334–40.

	18.	 Gilbert MR, et  al. A randomized trial of bevaci-
zumab for newly diagnosed glioblastoma. N Engl 
J Med. 2014;370(8):699–708.

	19.	 Lee AYY, 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(2):146–53.

	20.	 Deitcher SR, et al. Secondary prevention of venous 
thromboembolic events in patients with active can-
cer: enoxaparin alone versus initial enoxaparin fol-
lowed by warfarin for a 180-day period. Clin Appl 
Thromb Hemost. 2006;12(4):389–96.

	21.	 Lee AYY, et al. CATCH: a randomised clinical trial 
comparing long-term tinzaparin versus warfarin 
for treatment of acute venous thromboembolism 
in cancer patients. BMC Cancer. 2013;13:284.

	22.	 Mantia C, et al. Predicting the higher rate of intrac-
ranial hemorrhage in glioma patients receiving ther-
apeutic enoxaparin. Blood. 2017;129(25):3379–85.

	23.	 Chai-Adisaksopha C, et  al. Outcomes of low-
molecular-weight heparin treatment for venous 
thromboembolism in patients with primary and 
metastatic brain tumours. Thromb Haemost. 
2017;117(3):589–94.

	24.	 Yust-Katz S, et  al.  Venous thromboembo-
lism (VTE) and glioblastoma. J Neuro-Oncol. 
2015;124(1):87–94.

	25.	 EINSTEIN–PE Investigators, et al. Oral rivaroxaban 
for the treatment of symptomatic pulmonary embo-
lism. N Engl J Med. 2012;366(14):1287–97.

	26.	 Prins MH, et al. Oral rivaroxaban versus standard ther-
apy for the treatment of symptomatic venous throm-
boembolism: a pooled analysis of the EINSTEIN-DVT 
and PE randomized studies. Thromb J. 2013;11(1):21.

	27.	 Savausa (edoxaban). U.S. Food and Drug Administra-
tion website. 2015. https://​www.​acces​sdata.​fda.​gov/​
drugs​atfda_​docs/​label/​2015/​20631​6lbl.​pdf. Accessed 
12 Dec 2020.

	28.•	 Raskob GE, et al. Edoxaban for the treatment of can-
cer-associated venous thromboembolism. N Engl J 
Med. 2018;378(7):615–24. 

The Hokusai VTE Cancer Trial was an important prospective trial 
establishing the safety of DOAC’s in cancer patients exclusively.
	29.	 Goldhaber SZ, Schellong S, Kakkar A, Eriksson 

H, Feuring M, Kreuzer J, Fraessdorf M, Schulman 
S. Treatment of acute pulmonary embolism with 
dabigatran versus warfarin. A pooled analysis of 
data from RE-COVER and RE-COVER II. Thromb 
Haemost. 2016;116(4):714–21.

	30.	 Carney BJ, et al. Intracranial hemorrhage with direct 
oral anticoagulants in patients with brain tumors. J 
Thromb Haemost: JTH. 2019;17(1):72–6.

	31.	 Young AM, et al. Comparison of an oral factor Xa 
inhibitor with low molecular weight heparin in 
patients with cancer with venous thromboembo-
lism: results of a randomized trial (SELECT-D). J 
Clin Oncol. 2018;36(20):2017–23.

	32.	 McBane RD 2nd, et al. Apixaban and dalteparin in 
active malignancy-associated venous thromboem-
bolism: the ADAM VTE trial. J Thromb Haemost: 
JTH. 2020;18(2):411–21.

	33.••	 Agnelli G, et  al. Apixaban for the treatment of 
venous thromboembolism associated with cancer. 
N Engl J Med. 2020;382(17):1599–607. 

The CARAVAGGIO study represents a recent review of a 
DOAC in cancer patients.
	34.	 Streiff MB, et al. NCCN guidelines insights: cancer-

associated venous thromboembolic disease, Ver-
sion 2.2018. J Natl Compr Cancer Netw: JNCCN. 
2018;16(11):1289–303.

	35.	 Lin RJ, et al. Therapeutic anticoagulation in patients 
with primary brain tumors or secondary brain 
metastasis. Oncologist. 2018;23(4):468–73. https://​
doi.​org/​10.​1634/​theon​colog​ist.​2017-​0274.

	36.	 Weitz JI, et al. Rivaroxaban or aspirin for extended 
treatment of venous thromboembolism. N Engl J 
Med. 2017;376(13):1211–22.

	37.	 Agnelli G, et al. Apixaban for extended treatment 
of venous thromboembolism. N Engl J Med. 
2013;368(8):699–708.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf
https://doi.org/10.1634/theoncologist.2017-0274
https://doi.org/10.1634/theoncologist.2017-0274

	Management of Thromboembolic Disease in Patients with Primary and Metastatic Brain Tumors
	Opinion statement
	Introduction
	Risks of acute VTE
	Benefit and risks of anticoagulation
	Anticoagulant options
	Vitamin K antagonists
	Low molecular weight heparins (LMWH)
	Direct oral anticoagulants (DOAC)

	Direct oral anticoagulants in CNS malignancy and CNS metastatic disease
	An approach to initial treatment of DVTPE identified in a patient with a primary brain tumor or brain metastasis

	References


